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Metallisehe  feste  Stoffe. 


Indice  Completo 


Stato  gassoso  Paoh 

Gas  e  vapori .  1 

Stato  liquido 
Liquidi  puri. 

Metalli .  6 


Sostanze  non  metalliche  10 
Soluzioni 

Soluzioni  acquose,  eontenenti. 

Solo  sali  oppurc  elet- 
troliti  inorganici  forti.  12 

Almeno  un  elettrolita 
debole  oppure  un  acido 
organico  o  una  base .  .  20 

Almeno  una  sostanza 
non  elettrolita  e  nes- 
sun  elettrolita  debole.  21 


Soluzioni  non  acquose. 

Metalliche .  7 

Non  metalliche .  25 

Sistemi  plastic! 

Solidi  metallici .  6 


VISCOSITY  OF  GASES 

L.  L.  Bircumshaw  and  \  aughan  H.  Stott 


DEFINITIONS  AND  FORMULAE 

For  small  velocities,  the  rate  of  shear  in  a  gas  is  proportional  to 
the  shearing  stress.  The  ratio  of  the  latter  to  the  former  is  known 
as  the  viscosity  (,).  The  C.  G.  S.  unit  of  viscosity  is  called  the 

“poise.”  , 

In  the  case  of  most  gases,  the  influence  of  temperature  on  the 

viscosity  may  be  represented  by  the  following  formula  due  to 

Sutherland  (1893): 

T.Jr  C  (  T\H 
1)  -  Vo  T  +  c  \T.J 

where  v  and  *  are  the  1  mpemtures  Land 

7'.  respectively 

readi lv  be  determined  graphically  from  a  number  of  observations 
by  plotting  T  tg&il 


FLOW  OF  GAS  THROUGH  A  CAPILLARY  TUBE 


For  very  small  velocities,  the  following  equation  due  to  Meyer 
may  be  used: 


-  ft’), 


where  F  =  volume  of  gas  (measured  at  mean  pressure  />)  flowing 
per  second,  p\  =  entrance  pressure,  pi  •*  exit  pressure,  /,  r  = 
length  and  radius  of  thetube,  respectively,  and  £,  the  slip  coefficient, 
is  approximately  equal  to  the  mean  free  path  of  the  molecules. 

Except  at  very  small  velocities,  the  above  formula  requires  a 
considerable  correction  for  kinetic  energy.  The  corrected  formula 
may  be  written,  according  to  Brillouin  (*) 


A  -A 


py.u 

"(*+V) 


2.1f’l 


iV 


where  M  *  the  inass  of  gas  transpired  per  second  and  p  m  th# 
,  density  of  the  gas  at  the  mean  pressure  p. 
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Fisher  (4)  gives  the  following  correction  to  the  pressure  at  the 
entrance  end  due  to  the  kinetic  energy  effect. 

-  ’  A 

VP  li  . 


RT]o*l\  =  -384 


rv\ 


(r4  +  12£2r2  +  6£r3 


where  7?  =  the  gas  constant,  T  =  the  absolute  temperature,  p i  = 
the  pressure  to  be  used  in  Poiseuille  s  law,  and  p ,  =  the  manom¬ 
eter  pressure  measured  in  the  vessel  at  the  end  of  the  tube.  A 
similar  formula  with  subscripts  “2”  gives  the  correction  at  the 
exit  end. 

Rapp  (28)  found  that  the  following  empirical  formula  gives  the 
same  results  as  Fisher’s  formula  within  the  limits  of  experimental 
error: 


v 


+ 


^  TA(p\ 


where  tj  is  the  corrected  value  of  v'- 


7^} 

The  constant  A  is  negative. 


FLOW  OF  GASES  THROUGH  TUBES 

The  flow  becomes  turbulent  when  the  value  of  K  =  p  —  exceeds 

v 

a  certain  value  depending  on  the  material  of  the  tube,  where  p  is 
the  density,  v  the  viscosity,  V  the  velocity  of  the  gas,  and  d  the 
diameter  of  the  tube.  For  practical  purposes,  Iv  may  be  taken 
as  >2000  for  ordinary  tubes. 

It.  has  been  found  that  when  due  allowance  is  made  for  slip,  the 
viscosity  of  a  gas  is  independent  of  the  pressure.  The  coefficient 
of  slip  between  a  solid  and  a  gas  depends  both  on  the  nature  of  the 
gas  and  on  that  of  the  solid  surface  [Van  Dyke  (39),  Millikan  (!  4) 
and  States  (35)]. 

In  most  measurements  of  gaseous  viscosities,  the  value  for  air 
at  a  given  temperature  is  either  assumed  or  determined.  Unless 
otherwise  indicated,  the  viscosity  values  in  the  following  tables 
have  been  corrected,  in  cases  where  the  air  value  assumed  or 
determined  by  the  author  is  known,  by  assuming  that  for  air  7723  = 
1822.6  X  10-7  (9)  and  that  C  =  120. 


A-Table. — Elementary  Substances  and  Atmospheric  Air 


t),  micro- 

Gas 

t,  °C 

poise  (10-6 

Remarks 

Lit. 

poise) 

A 

0 

209.6 

|>  C  =  142 

(20,  21,  22) 

23 

221.0  | 

(i°) 

Br2 

12.8 

151 

(24) 

65.7 

170 

99.7 

188 

139.7 

208 

-  C  =  460 

179.7 

227 

220.3 

248 

Clj 

12.7 

99.1 

129 

168 

|  C  =  325 

(23) 

C  =  72, 

h2 

23 

88.2 

Breitenbach 
'  C  =  83, 

(42) 

Rayleigh 

0 

84.2 

-192.3 

36.2 

► 

(7) 

-252.5 

8.5 

-257.7 

5.7 

0 

(84.11) 

Down  to  — 183° 

+  20.8 
-102.9 

88 . 72 
60.93 

/  T  \  0.695 

7?= ’,“V273T/  ’ 

-183.5 

39.22 

•  p  =  ca.  400  mm 

(15) 

-202.2 

31.93 

except  for  last 

-253.06 

11.10 

value,  where  p 

|  -253.06 

10.6 

200  mm 

A- Table. — ( Continued ) 


Gas 

t,  °C 

17,  micro- 
poise  (10-6 
poise) 

Remarks 

Lit. 

II2,  Vap. 

B.  P.  (  = 

(  1.0 

H2,  Liq. 

-252.7) 

\  13.00 

l  =  0.0708  g/ml 

(4°) 

He 

0 

187.3 

C  =  70 

(20,  21,  22) 

23 

198.1 

) 

23 

196.23 

[ 

(5,  10) 

15 

108.6 

0 

186.0 

-191 .6 

87.1 

(7) 

-252.6 

35.0 

-257.4 

27.0 

0 

(188.7) 

(16) 

+  21.43 

199.4 

I 

-  22.8 

178.8 

-  70.0 

156.4 

-102.6 

139.2 

/  T  \  0  647 

(\  6^ 

-184.35 

91.85 

’  v  ~  Vo\27Kl) 

\  J 

-198.0 

81.54 

—  252.93 

35.03 

-258.1 

29.46 

Hg 

273 

494 

(") 

313 

551 

369 

641 

380 

654 

I2 

124.0 

1S4 

(25) 

170.0 

204 

205.4 

220 

1  C  =  590 

247.1 

240 

/ 

Kr 

0 

232.7 

C  =  188 

|(20,  21,  22) 

n2 

23 

176.5 

C  =  110.6, 

(42) 

Bestelmeyer 

Ne 

0 

|  297 . 3 

C  =  56 

(20,  21,  22) 

o2 

23 

203.9 

C  =  127,  Eglin 

(35,  42) 

Rn 

0 

212.4 

C  =  337  (calc.) 

(20,  21,  22) 

(calc.) 

Xe 

0 

|  210.1 

C  =  252 

|(20,  21,  22) 

Atmospheric  air  based  on  Harrington’s  value  at  23°  (9)  and  com¬ 
puted  with  C  =  120;  unit  is  10-7  poise 


°C 

V 

Dif. 

°C 

V 

Dif. 

0 

1709 

50 

200 

2582 

38 

10 

1759 

49 

210 

2620 

38 

20 

1808 

48 

220 

2658 

38 

30 

1856 

48 

230 

2696 

37 

40 

1904 

47 

240 

2733 

37 

50 

1951 

46 

250 

2770 

36 

60 

1997 

46 

260 

2806 

36 

70 

2043 

46 

270 

2842 

35 

80 

2088 

45 

280 

2877 

35 

90 

2132 

44 

290 

2912 

34 

100 

2175 

43 

300 

2946 

34 

110 

2218 

42 

310 

2980 

34 

120 

2260 

42 

320 

3014 

33 

130 

2302 

42 

330 

3047 

33 

140 

2344 

41 

340 

3080 

33 

150 

2385 

40 

350 

3113 

33 

160 

2425 

40 

360 

3146 

33 

170 

2465 

40 

370 

3179 

33 

180 

2505 

39 

380 

3212 

33 

190 

2544 

38 

390 

3245 

32 
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Atmospheric  air. — (Continued 


°c 

V 

Dif. 

°C 

V 

Dif. 

400 

3277 

32 

460 

3463 

30 

410 

3309 

31 

470 

3493 

30 

420 

3340 

31 

480 

3523 

30 

430 

3371 

31 

490 

3553 

30 

440 

3402 

31 

500 

3583 

450 

3433 

30 

No  change  in  the  viscosity  of  air  could  !>e  detected  in  an  electric 
field  of  18  000  volt/cm  (30).  For  effect  of  saturation  with  vapors, 
v.  p.  6. 


B-Table.  -Standard  Arranqement 


(v.  Vol.  Ill,  p.  viii) 


Substance 

t,  °C 

7j,  micro¬ 
poise 

(10-6  poise) 

C 

Lit. 

h,o . 

v.  Table  1 

HC1 . 

12.5 

138.5  1 

357 

(8) 

100.3 

182.2  J 

HBr . 

18.7 

181.9  \ 

375 

(8) 

100  2 

234.4  j 

HI . 

20  6 

185.7  \ 

390 

(8) 

100  2 

238 . 3  J 

SO, . 

0 

117 

(33,  41) 

18 

124.2  1 

416 

100 

161  6  J 

H,S . 

0 

116.6 

17 

124  i  [ 

331 

(26) 

100 

158.7 

NO . 

0 

178 

(41) 

N,0 . 

0 

135 

(41) 

NH, . 

-  78.5 

67 . 2 

(26,  41) 

0 

91.8 

100 

129.3 

370 

PH  3 . 

0 

106 .  l  | 

15 

112.0  [ 

290 

(26) 

100 

143  8 

AsHs . 

0 

145.8 

15 

114.0  | 

300 

(26) 

100 

198.1 

CO . 

-191 .5 

56 .  l 

(31,  41) 

-  78.5 

127 

0 

166 

15 

172 

118 

100 

210 

CO, . 

p.  Table  2 

cs, . 

0 

91.1 

(36) 

14.2 

96  4 

cos . 

15 

119.0  V 

330 

(33) 

100 

154.1  J 

CjN, . 

0 

02  8 

17 

98  7  [ 

330 

(26) 

100 

127.1 

SiII« . 

15 

112.4  j 

229 

(*7) 

100 

142  4 

C-Table. — The  C-Arranomment  (r.  Vol.  LI,  p.  viii 


P’ormula 

Name 

/,  °C 

1, 

mirro- 
poise  C 

no-* 

poise) 

Lit. 

CHC1, 

Chloroform . 

0  93  6 

14  2  98  • 

100  129 

212  5  164 

(29,  36,  41) 

CHtBr  Methyl  bromide  0  1 103  |  (41) 


CH.Cl 

Methyl  chloride . 

15  3 
15  0 
99  1 
182.4 
302.0 
0 

92 

104 

137 

168 

211 

96  9 

154 

(2,  41) 

CIL 

Methane . 

-181  6 

34.8 

(26,  41) 

-  78.5 

76 .  o 

0 

102 . 4 

0 

102 . 7 

17 

108  5 

198 

100 

135.2 

C,H, 

Acetylene . 

o 

93 . 5  | 

(41) 

C,IL 

Ethylene . ( 

15  0 

99 

99.3  126 

226 

(*) 

182.4  151 

302  0  180 

C,II6C1  !  Ethyl  chloride . 

0 

93  7 

(4I) 

C,Hg 

Ethane . 

-  78.5 

63 . 4 

(41) 

0 

84  8 

C,H.O 

Ethvl  alcohol . 

100 

108  \ 

525 

(29) 

212.5  140 

C,HeO 

Acetone . 

100 

93. 

670 

(29) 

212.5  124  J 

C,H*0, 

Ethyl  formate . 

99 .8(  92 

18 

C,H,0, 

Methvl  acetate . 

99.8 

98 

(18,  29) 

100 

100  \ 

660 

212  5  134  ) 

C,H;Br 

n-I’ropyl  bromide.  .  . 

|  99  8|  1 19 

(18) 

C,H  ;Mr 

Isopropyl  bromide. 

99  8  122 

(IS) 

C  H.O 

n-Propvl  alcohol 

99  9 

93 

(,8) 

C.H.0 

Isopropyl  alcohol . 

99.8  109 

|  (*8) 

C,H.O, 

Propyl  formate . 

99  9 

92 

(18) 

C4II,0, 

Ethyl  acetate . 

0 

1  68.4 

(29);cf. 

99.8 

96 

(18,  41) 

100 

94.3  j 

65< 

212  5 

j  126  J 

C4H,Oi 

Methyl  propionate 

99.8  94 

(IS) 

C4H,o 

n-Butane  (.1  c'o  C,1L). 

14  7 

83.2 

(**) 

16. n 

83.3 

100 

1 108 . 2 

C4H  io 

Isobutane . 

23 

75  5 

(1°) 

c4h,.o 

Ethyl  ether . 

0 

1  67.8 

1  (1  6,  29,  36, 

14.2 

M  71.6 

*l) 

99  i 

1  98 

100 

95  5  1 

qo*; 

212  • 

>1 122  j 

C.HioO 

|  Trimethyl  carbinol. . 

99  8  102 

1  (“) 
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(T-Table. — The  £-Arrangement. — ( Continued ) 


Formula 

Name 

t,  °C 

V, 

micro¬ 

poise 

(10-6 

poise) 

C 

Lit. 

C«H„N 

n-Butylamine . 

99.8 

82 

O8) 

C,H„N 

Isobutylamine . 

99.8 

88 

(18) 

c<h„n 

Diethylamine . 

99.9 

92 

(18) 

c6h,0o2 

Isobutyl  formate . 

99. 8|  93 

(IS) 

C  ft  II 1  qO  2 

Ethyl  propionate . 

99.9 

88 

(IS) 

c4hi2 

Isopentane . 

100 

87.4  1 

500 

(29) 

212.5 

115  / 

c.h, 

Benzene . 

14.2 

73.8 

(29,  36) 

100 

91.8  \ 

7  nn 

212.5 

123  J 

Table  1. — H20  Vapor  (34) 
■t)  in  10~6  poise 


°C. 


100.0 


151.2 


207.1 


261.3 


127 


145 


168 


190 


650 


°c . 

0 

15 

20.6 

03 

00 

CM 

99.95 

r)  (obs.) . 

rj  (extrap.)* . 

90.4 

88 

97.5 

93 

97.5 

96 

100.6 

100 

132.0 

127 

*  Taking  C  =  650. 


Table  2. — C02 
77  in  10~6  poise  (39>  41) 


°C 


23 


0 


-78.5 


147.15 


137 


102 


C 


274" 


240t 


*Rankine  and  Smith, 
t  Breitenbach. 


The  following  table  for  C02  is  given  by  Phillips  (4  7). 


■n  in  10  6  poise;  d  in  g/cm3 


P,  atm. 

V 

d 

v/d 

20°C 

83 

823 

0.835 

986 

72 

771 

0.812 

950 

59 

697 

0.768 

907 

56 

186 

0.190 

977 

50 

177 

0.145 

122o 

40 

166 

0.100 

I660 

20 

156 

0.036 

433o 

1 

148 

0.00183 

808 00 

30°C 

110.5 

770 

0.795 

968 

104 

733 

0.781 

939 

96 

693 

0.760 

913 

90 

643 

0.743 

864 

82 

592 

0.716 

827 

80 

565 

0.706 

800 

76 

529 

0.680 

778 

74 

495 

0.664 

745 

73 

478 

0.653 

732 

72 

458 

0.635 

723 

70 

229 

0.287 

798 

60 

187 

0.177 

1057 

40 

168 

0.092 

1830 

20 

159 

0.0354 

4500 

1 

153 

0.00177 

864oo 

Table  2. — C02. — ( Continued ) 


P,  atm. 

V 

1  d 

v/d 

32°C 

120 

788 

0.790 

998 

112 

741 

0 . 777 

954 

104 

695 

0 . 760 

914 

93 

627 

0.729 

860 

87 

586 

0 . 700 

837 

84 

560 

0.682 

822 

80 

528 

0.655 

807 

76 

448 

0.597 

751 

75 

406 

0 .555 

730 

74 

254 

0.360 

700 

70 

214 

0.255 

840 

60 

187 

0.170 

llOo 

40 

175 

0.090 

195o 

20 

162 

0.0352 

460 0 

1 

155 

0.00176 

881 00 

35°C 

114.5 

693 

0.755 

918 

109 

660 

0.741 

891 

96 

586 

0.696 

841 

88 

511 

0.653 

782 

85 

456 

0.626 

728 

80 

361 

0 . 494 

731 

75 

237 

0.289 

820 

70 

214 

0.227 

943 

60 

178 

0.163 

1091 

40 

174 

0.085 

2045 

20 

163 

0.0348 

4680 

1 

156 

0.00174 

896 00 

40°C 

112 

571 

0.699 

817 

108 

540 

0.682 

792 

100 

483 

0.636 

761 

94 

414 

0.582 

712 

85 

269 

0.385 

698 

80 

218 

0.291 

748 

70 

200 

0.204 

981 

60 

187 

0.153 

122o 

40 

176 

0.083 

212o 

23.8 

169 

0.0408 

414o 

1 

157 

0.00173 

908oo 

GAS  MIXTURES 


A -35  Table. — Standard  Arrangement 
He  -  H2 

V  in  micropoises  (10~6  poise)  (5) 


%  He 

%  Ha 

V 

t,  °C 

C 

Calc. 

Obs. 

100.1  (sic.) 

0.0 

189.09 

189 . 25 

0.00 

195  46 

195.36 

13.37 

71.4 

234.08 

234.10 

100.05 

96.094 

3.906 

184.60 

185.00 

0.0 

192.17 

191.77 

15.93 

73.9 

228.95 

229.07 

100.22 

89.559 

10.431 

176.00 

175.96 

0.0 

182.02 

182.14 

12.63 

89.8 

220.36 

220.33 

100.02 

86.400 

13.600 

172.35 

173.27 

0.0 

180.10 

179.29 

16.86 

85.7 

215.27 

215.57 

100.05 

VISCOSITY— GASES 
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Table. — ( Continued 


%  He 

%  Hi 

V 

t,  °C 

C 

Calc. 

Ohs. 

75  087 

24.913 

159.71 

160.32 

0.0 

166.35 

165.67 

15.86 

77.8 

198.35 

198.47 

99  67 

59.716 

40 . 284 

142.52 

143.06 

0  0 

148  14 

147.55 

14  67 

87 .75 

178.23 

178.40 

99  80 

39  857 

60.143 

122.24 

122.67 

0.0 

127.00 

126.53 

15.03 

75 . 50 

151.73 

151.77 

100.09 

18.807 

81 . 193 

101.56 

101 .65 

0.0 

106.09 

106.01 

17.0 

80.63 

126.48 

126.50 

100.15 

0.0 

100.00 

84 . 10 

0.0 

87.40 

87.72 

14.79 

83.0 

104.95 

104.60 

100.5 

O,  -  Hj 


11 ,1°C  (6) 

%  o2 . 

100 

97.5 

95  1  90  1  75 

0 

%el. 

1 

0.9957 

1 . 00()|o .  9946[o .  9724 

0.4502 

O,  -  Nj 

12.2°C  (6),  r,  (for  100%  02)  =  1 


%o2 

Vnl.  | 

%o2 

’Jrel.  | 

%o» 

Vnl. 

97.5 

0.9984 

66  6 

0.9550  ] 

10 

0.8847 

95 

0.9941 

50 

0.9348 

5 

0  SS0I 

90 

0.9871 

33.3 

0.9138 

2.5 

0.8847 

75 

0.9734 

25 

0.9051  | 

0 

u  8750 

o2  -  CO 
*)0j  aU°  =  1  («) 


12. 2°C 

%  0, . 

100 

25  1  10  1  5 

2.5  1  0 

nrel. . 

1  i 

0.904o|o. 8842  0.8757 

0.8743  0.8701 

11. 1°C 

%  o, . 

100 

75  1  66 . 7  1  50 

33.3  1  0 

*7rel.  • 

1  1 

0  9666  0  9593  0  9361 

0  9129; 0.8664 

o2  —  co2 

,Gj  at  t°  =  1  (6) 


13  3°C 

%o2.. 

*7rcl.  •  •  • 

100  50  25  10  5 

1  0.8714  0.8071  0.76790.7559 

2.5,  0 

0.75380. 7464 

12 . 2°C 

Vrel.  ■  ■ 

1001  97.5  |  95 

1  |0  9943  0  9872 

90  1  75 

0.9759  0.9420 

0 

0.7510 

02  -  CH, 

VOi  all"  =  1  («) 


12.8°C 

%  Ot. . 

1001  50  1  25  1  10  1  5  2.5  0 

Vr*\  •  • 

1  |0 . 8076  0 . 6902  0  5983  0  5827  0  5770  0  5629 

H2  -  S02  (38) 


17°C 

45°C 

70 

>C 

92  °C 

%  Hi 

v  X 
107 

%  H, 

v  x 
107 

%  H, 

v  X 
107 

or  U  |  77  X 
%  Hi  1Q7 

0.00 

1241 

0.00 

1366 

0.00 

1 176 

0.00  1576 

17.85 

1274 

19  72 

1404* 

19.72 

1513 

19.72  1609 

49  25 

1330 

49.25 

1453 

30.01 

i i 

30.01  1624 

70.37 

1350 

70.37 

1472 

38.25 

1551 

38.25  1651 

77.14 

1324 

77  1  1 

1431 

51.77 

use ' 

51 . 77,  1657 

83.24 

1285 

83  24 

1389 

70.37 

1573 

76.94  1616 

100  00 

875 

100  00 

931 

76  94 

1628 

83  43  1554* 

83  43 

1483 

83.24  1550* 

83  24 

1 178* 

100  00  1022 

100  00 

979 

Hi  —  S02. — (Cnnlinurd) 


124  °C 

151 

rc 

199° 

c 

%  H, 

|  q  X  107 1 

%  H. 

1  q  X  D) 

I  %  H,  | 

q  ■  10' 

0.00 

1714 

0  (X) 

1869 

0.00 

‘2041 

32  40 

1751 

32  40 

1914 

32  40 

2087 

53  02 

1787 

53  02 

1931 

50  95 

2090 

67  36 

1775 

67  35 

1914 

67  35 

2068 

83  64 

1660 

83  24 

1777 

84  88 

1924 

100  00 

1086 

84  88 

DM)  (M) 

1722 

1152 

100  Ot) 

1219 

*  For  these  values  the  temperature  reading  wa*  obtained  by  interpolation  over 
more  than  5°C. 


_ H,  -  N, _ 

12.8°C  («),  Vnl.  to  I  %  Hj .  TOO  i  50  !  0 

02  =  1  lrv.1 . 10.0449:3  0  XQujo  >>690 

Hi  -  N,0 

11.1°C  (6),  „reI.  to  %  II2 .  25  fo  j  0~~ 

Oj  =  1  vt?\ .  0  7510  0  74810  74X1 


H2  -  NO 

11.1*0;  values  of  %  II2  and  of  q  relative  to  ()2  =  1  (6) 
100%  |  75%  |  50%  I  25%  10';  (FT" 

0.4482|  0.7159  |  0.8224  |  0  8491  0  8001)  0  8788  0  8661 


Hi  -  NH2 

12-13°C;  values  of  %  Il2  and  of  g  in  10-T  poise  (37) 


0.0%  |8.2%|20.1%133.9%;53.6%|68.4%; 
1005  [  10171  1042  |  1068  |  1102  |  1104 


79 . 1  %|90 . 2  %!  100 . 0  % 
1089  |  1036  |  915 


Hi  -  CO 

_ 1 1.1°C;  gr*.  to  O,  =  1  (6) _ 

%  ('< ) .  ,  .|  100  I  1)5  |  1)2  5  |  90  |  75  |  0 


,0 . 8604  0 . 8650,0  8635  0  8650  0  8432  0  458d 
H2  -  C02 


Values  of  %  II2  and  of  g„i.  to  0»  =  1  (6) 


12.8° 

1(X)% 

0.4493 

25%  1  10%  1 

0.7535|  0.7521 

12.2° 

100% 

0  4321 

97.5%  1  95%  1  90%  I  75%,  5u\ 

0.4983  0.5157  0  5722  0  67860  7339  0 

o% 

7470 

q  in  10  7  poise 


%  H, 

(19)* 

14.7° 

1  %  Hi 
|  (19)* 

14.7° 

1  %  H2 

1  0) 

15° 

99.2° 

%  H, 

(37) 

15’ 

0.0 

1468 

90  16 

1215 

0.0 

1464 

1869 

0  0 

1468 

9.97 

1477 

93  58 

mi 

12.98 

1484 

8.5 

1483 

19.85 

1491 

96  12 

1031 

15  56 

1897 

17  2 

1  190 

27.75 

1499 

97  60 

991 

1  l  09 

1880 

22.4 

1493.5 

56  54 

1476 

98.32 

958 

48.44 

1485 

1805 

55  4 

1485 

73 . 59 

1399 

100 

893 

82.20 

1289 

1624 

66  7 

1450 

83.92 

1307 

97.24 

901 

1195 

76  5 

1367 

100 

893 

11X54 

82.2 

121  >2 

87  9 

1901 

•Not  corrected  to  standard  ajr  value. 

h2  -  ch4 

Values  of  %  Ilj  and  of  to  Oj  —  1  (85 

12  2’  100%  1 17. 5 %|  10%  5%  2.5%  0% 

0  141)7  0  5572  0  5629  0  5615  0  55) >2  n  5511  _ 

12.8°  I  100%  |97.5%|  95%  I  90%  I  75%  I  50%  I  0% 

0  4616  0  4714  0  4797  0  4965  0  5.313  0  55960  5481 


H,  -  CiH, 

12-13°;  g  in  10'7  poise  (37) 

<;  H, . |  0.0  |27. 145  663  0  72  6  8.3  0  92  4  100  0 

7“  . 11016  1048  1078  1087  1086  1062  1008  915 
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INTERNATIONAL  CRITICAL  TABLES 


NH3  -  C2H, 

12-13°;  17  in  lfU7  poise  (37) 


%  NIL . 

.  . ] 0.0 

8.0  117.5  27.5  42.058.981.3 

100  0 

v . 

. 1016 

1037  1043  1047  1050  1046|  1028 

1005 

Air  -  H2 


16.1°C  (6) 


%  h2. 

100  I  95  |  90  I  75 

|  25 

0 

<7r»|.  (O2 
»7rei.  (air 

=  1 ) .  0 . 4434  0 . 5282  0 . 58S0|0 . 7488  0  8790 

=  1) .  0. 49274)  5X694). 6534  0. 79S7  0  9767 

1 

16.4°C 

%  H  , . I  50 

10 

5 

0 

Tirol-  (02  =  1) .  0.8197 

0 . 8888 

0  8960 

ijrri.  (air  =  1) .  0  9108 

0.9876 

0  9956 

1 

Air  -  H..O 


Saturated  at  26°;  10777  =  1904  (air  =  1863)  (13).  Stearns 
(35.i)  claims  that  the  viscosity  of  air  is  decreased  by  saturating  it 
with  moisture,  the  decrease  being  }4,  %  at.  760  mm  and  35  %  at  14 
mm  pressures. 

Air  —  C2H4 


77  in  107  poise;  not  corrected  to  standard  air  value  (7) 


%  Cdl, . 

100 

90.3 

69.0 

54.6 

30  0 

13.6 

0.0 

u  (15°) . 

v  (99.3°) . 

1011 

1282 

1078 

1367 

1236 

1345 

1674 

1548 

1692 

2069 

1809 

2209 

Air  —  C2ILOH 

Saturated  at  26°;  10777  =  1878  (air  =  1863)  (13). 
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VISCOSITY  OF  METALS  AND  ALLOYS 

W.  Rosenhain,  Editor 


Definitions  and  Meanings  of  Symbols 


S,  Tensile  stress. 

S„  Shearing  stress. 
e  Unit  elongation. 
g  Shear. 

E  Young’s  modulus  of  elasticity. 

G  Modulus  of  rigidity. 

{  “Normal”  coefficient  of  viscosity. 
t]  Tangential  coefficient  of  viscosity. 

5  Logarithmic  decrement  of  damped  vibrations. 

The  coefficients  of  elasticity  and  viscosity  of  an  isotropic  solid 
body  are  defined  by  the  equations: 


Se 


Ee  +  £ 


de 

dt 


S0 


—  Gg  +  t) 


<10 

<11 


The  coefficient  of  viscosity  of  a  liquid  is  defined  by: 


rl  he  physical  significance  is  different,  however,  the  order  of 
magnitude  being  10~12  that  for  a  solid. 

The  logarithmic  decrement  is  the  logarithm  of  the  ratio  of  two 
successive  maximum  displacements,  on  the  same  side  of  the 
equilibrium  configuration. 

Note. — For  material  possessing  no  symmetry  whatever,  there 
are  21  elastic  and  36  viscous  constants,  which  are  coefficients  in 
the  six  linear  equations  giving  the  six  stress  components  in  terms 
of  the  six  strain  components  and  their  time  derivatives.  The 
constants  in  the  following  tables  have  been  computed  on  the 
assumption  that  the  material  is  isotropic,  though  this  is  admittedly 
not  the  case  in  unannealod  wires  and  possibly  not  in  the  other 
materials  investigated. 

In  general,  the  coefficients  of  viscosity  computed  on  this  basis 
from  the  logarithmic  decrement  of  vibrations,  increase  linearly 
with  the  amplitude  of  vibration.  This  may  be  due  either  to 
‘  after-effect”  or  to  the  fact  that  terms  quadratic  in  the  strain- 


velocities  are  necessary  completely  to  define  the  stress  components 
in  terms  of  the  strain  components.  For  a  discussion  of  the  theory, 
see  (1J).  The  values  of  the  coefficients  for  an  amplitude  of  6° 
are  designated  by  and  rig. 

The  values  of  the  coefficients  of  viscosity  of  solid  metals  and 
alloys  depend  not  only  upon  their  chemical  composition  but  very 
largely  on  their  condition,  especialfy  their  microstructure.  The 
values  given  below  are  to  be  applied  only  to  material  in  the  same 
condition  and  only  to  specimens  whose  size  is  of  the  same  order  of 
magnitude  as  the  specimens  for  which  the  results  are  given. 


VISCOSITY  OF  SOLID  METALS  AND  ALLOYS 

F.  P.  Upton 


“Normal”  Coefficient  of  Viscosity  for  Zero  Amplitude  at 
Room  Temperature,  cos  Units 


Determined  from  damping  of  flexural  vibrations  of  rectangular 

strips 


Material 


As 


A1 


Cd 


Cu 


Cu-Sn-P 

Cu-Zn 
Cu,  60;  Zn, 
40 

Fe-C,  0.18 


Treatment 

Dimensions,  cm 

Period, 

sec 

10*£o 

Lit.* 

1 

m 

n 

J 

Hammered . 

26.0 

0.500 

0.104 

0.731 

2.85 

(5) 

1 

Annealed  at  400°C. .  . 

26.0 

0.500 

0.104 

0.719 

2.24 

Rolled . 

26.0 

0.719 

0.0999 

0.709 

0.75 

(5) 

Rolled . 

26.0 

0.372 

0.0997 

0.798 

0.82 

Annealed  at  400°C..  . 

26.0 

0.719 

0 . 0999 

0.716 

1.25 

Cast . 1 

+ 

+ 

+ 

f  0.684 

0. 165J 

(ll) 

. / 

\  0.934 

0.257J 

Cast . 1 

t  0.892 

8. 0§ 

(") 

1 

Cast . J 

T 

T 

t 

\  1.220 

11.45 

Rolled . 

26.0 

0.380 

0.134 

0.586 

4.86 

(s) 

Rolled . 

26.0 

0.380 

0.134 

0.838 

5.11 

Rolled . 

26  0 

0.373 

0.049 

0.903 

4.68 

Annealed  at  300°C. .  . 

26.0 

0.380 

0.134 

0.610 

5.16 

Cast . 

t 

t 

t 

0.708 

0.2»| 

(lI> 

J 

Cast . 1 

f 0 . 537 

11  11 

<“) 

Cast . j 

T 

T 

T 

\  1.010 

0.3411 

f 

t 

•f 

0.732 

0.23* 

(U) 

Rolled . 

26.0 

0.354 

0.155 

0.535 

1.55 

(*) 

I 

Unannealed . 1 

( 0.750 

4.94 

(5) 

i 

Annealed . J|i».UjU.48» 

0.0726 

\ 0 . 756 

2.68 

VISCOSITY— METALS  ANI)  ALLOYS 


‘Normal”  Coefficient  of  Viscosity. — (Continued 


Material 


Treatment 


Dimenflionfl,  cm 


Fe-C,  0.38 
Fe-C,  0.67 

Fc-C,  1.17 
Fe-C,  1  75 
Fe-C 

Fe-C 

Mg 

Ni 

Zn 


Unannealed . 
Annealed  .  . 

Unarm  ruled 
Annealed .  .  . 
Unannealed 
Annealed  .  . 
Unannealed 

Cast  (steel) . 

Cast  (iron) 

Hammered 
Annealed  at  400°C 
'  Roiled 

y  Cast . 

'  Rolled 

Annealed  at  200°C 


1 

ni 

n 

26.0 

0.497 

o 

o 

00 

re 

26.0 

0.500 

0.123 

26.0 

0.497 

0.0811 

26.0 

0.480 

0.0725 

t 

t 

t 

t 

t 

t 

26.0 

0.500 

0.120 

26.0 

0.497 

0.105 

t 

t 

26.0 

0.356 

0.0669 

*  Results  of  (5)  were  each  obtained  from  damping  of  vibrations  in  vacuo  of  a 
strip  loaded  at  lower  end.  Results  of  (l  1  )  were  each  obtained  from  damping  of 
vibrations  of  a  strip  fixed  at  one  end  and  at  the  other  attached  to  a  heavy  disk 
rotatable  in  the  plane  of  flexure,  the  plane  of  strip  when  unstrained  passing 

£o 

through  axis  of  disk.  In  (ll)  only  values  of  were  given.  Values  of  £  are 

hi 

computed  from  values  of  E  given  below. 

In  (5)  6  <=*  ,  where  M  is  mass  of  load  and  T  is  period  (!■  •_■<*  is  called  log 

o  Jtl  l  * 

decrement  in  the  original).  In(")i  {where  A/'  is  mass  of  heavy  disk. 


The  result*  in  this  table  are  not  corrected  for  effect  of  non-rigidity  of  support 
For  methods,  r.  (>•).  For  more  recent  data,  v.  (*7). 
f  Average  dimension  of  strips,  10  X  0.0  X  0.1  cm. 

J  Assumed  E  =  6  570  kg/mm*.  U  Assumed  E  •*  9  400  kg  mm*. 

§  Assumed  E  =  7  070  kg/mm*.  **  Assumed  E  —  20  750  kg  mm*. 

||  Assumed  E  =  10  800  kg/mm*.  ft  Assumed  E  =  9  000  kg  mm*. 

tt  Assumed  E  ~  20  300  kg  mm*. 


Tangential  Coefficient  of  Viscosity  for  Zero  Amplitude  (6) 


Determined  from  damping  of  torsional  vibrations  of  annealed 
wires;  for  effect  of  temperature,  v.  Figs.  1-10 


Material 

l,  °C 

Length, 

cm 

Radius, 

cm 

Period, 

sec 

io- 

V 

13 

25 

5 

0 

0285 

9 

671 

12 

50 

Ah... 

15 

25 

5 

0 

0315 

7 

035 

25 

50 

Au . .  . 

15 

25 

5 

0 

0280 

9 

603 

17 

00 

Cu . . . 

22 

25 

7 

0 

0275 

6 

899 

6 

70 

Fe... 

16 

25 

4 

0 

0295 

5 

744 

12 

89 

Fe-C, 

0 

55 . 

22 

25 

6 

0 

0290 

5 

684 

12 

90 

Fe-C, 

0 

9 . 

16 

23 

7 

0 

0335 

5 

693 

7 

70 

Fe-C, 

1 

30 . 

19 

25 

5 

0 

0275 

6 

670 

9 

82 

Ni. . . 

16 

25 

5 

0 

0250 

6 

521 

1 

65 

Ft. . . 

15 

25 

6 

0 

0240 

8 

198 

1 

75 

Ft,  85 

llh,  15 

17 

25 

5 

0 

0195 

10 

059 

4 

19 

W . . . 

16 

25 

5 

0 

0215 

7 

625 

9 

37 

Zn .  .  . 

22 

25 

.5 

0 

0270 

8 

642 

410 

7 

*  6  =  ij,  where  R  —  radius  of  wire,  /  —  length  of  wire,  T  —  period,  /  — 

moment  of  inertia  of  load  <H«  is  called  log  decrement  in  the  original  paper,  and 
tubulated  values  are  logio);  v  in  poises. 


VISCOSITY  OF  LIQUID  METALS  AND  ALLOYS 


C.  H.  M.  Jenkins  (CHMJ),  N.  E.  Dorsey  (NED),  0.  F 
Hudson  (OFH),  T.  K.  Rose  (TKR) 


%  Composition 

t,  °C 

lOOrj  ||  %  Composition 

t,  °c 

100ij 

Bi,  100  (»3) . 

304 

451 

1.602 
1  280 

Bi,  77.88;  Sn, 

22.12 . 

306 

1.682 

600 

0.998 

.  444 
600 

1.318 
1  049 

%  Composition  |  f,  °C 

KXb, 

'  i  CoiujH isit mn 

f,°C 

Bi,  58.0;  Sn,  42.0 

305 

690 

Fe,  96.5;  C,  3.5 

445 

1.267 

1  5 

1400 

606 

1.014 

13.50 

751  i1 

J.8N6 

1300 

Bi,  46.82;  Sn, 

1250 

53  IS . 

303 

1.642 

Fe,  96.0;  C,  4.0  . 

1400 

399 

336 

1350 

444 

.  234 

1300 

601 

1.003 

1250 

750  ' 

3.881 

Hg,  100  (2*  *>  «> 

Cd,  100  (») 

>0,  12)  (NED)*. 

-20 

(CHMJ) . 

349 

1  44 

0 

406 

1  34 

+  20 

466 

1.27 

50 

506 

1.18 

100 

550 

1 . 15 

150 

603 

1  10 

200 

Cu,  100  (i«) . 

1145 

8.41 

250 

1179 

3.19 

300 

1187 

3.25 

350 

Cu,  85;  Sb,  15(H) 

1008 

3.77 

Hg,  98;  Cd,  2<»0) 

1108 

3.28 

(TKR) . 

14  5 

Cu,  72;  Sb,  28 

20 

(14) . 

737 

6 . 73 

40 

895 

4  42 

Hg;  Cu  (io> 

998 

3  60 

(TKR) . 

10 

1090 

3.08 

20 

Cu,  61.34;  Sb, 

40 

38.66  (H) . 

786 

5.41 

Hg,  99;  Pb,  1  (I®, 

890 

4.02 

(TKR) . 

13 

998 

3.24 

20 

1003 

3  23 

30 

1090 

2.82 

48 

Cu,  56.94;  Sb, 

Hg.  99.4;  Zn,  0.6 

43.06  (H) . 

797 

4.69 

(10)  (TKR). ... 

13 

790 

4.71 

20 

895 

3.72 

Pb,  100  (!<)...  . 

441 

989 

3.14 

456 

1087 

2 . 66 

551 

Cu,  61.64;  Sn, 

703 

38.36 . 

803 

5.609 

844 

Cu,  S2.0;  Sn,  18.0 

Pb,  51.3;  Bi,  48.7 

403 

(14) . 

1025 

3.62 

543 

1110 

3.26 

682 

Cu,  71.0;  Sn,  29.0 

833 

(H) . 

4.34 

Pb,  70.0;  Bi,  30.0 

403 

1001 

3.56 

413 

Cu,  61.64;  Sn, 

543 

38.36  (»<) . 

799 

5  19 

704 

900 

3.93 

852 

1005 

3  16 

Pb,  90;  Bi,  10 

545 

1096 

2.74 

550 

Cu,  .50.0;  Sn,  50.0 

704 

(H) . 

755 

3 . 65 

840 

903 

2  69 

867 

1005 

2.28 

Pb,  83.05;  Sb  (•) 

Fe,  97.5;  C,  2.5 

(OFH) . 

292 

(»5) . 

1400 

12 . 25 

84  60 

292 

l.i.VI 

|2.65 

87.03 

292 

Fe,  97;  C,  3.0(H) 

1400 

2  025 

89.98 

292 

1350 

|2 . 375 

92  39 

|  292 

1300 

2.800 

•  l/a  -  59  40  +  0.2041  -  0  0003411* 

(*.  *.  ».  **).  At 

p  -  1500 

is  4.8  %  greater  than  at  l  atm  (*). 


100iJ 


>00 
>40 
>.90 
1  45 
1  55 
1  75 
2.10 

1.85 
1.68 
1.55 
1.39 
1.21 
1.09 
1.01 
0  96 
0.92 
n  90 

1  679 
1  652 
1.551 

1.671 
1.620 
1.520 

1.664 
i  827 
i  586 
1.511 

1 . 672 
1 .639 
2.116 
2.059 
1.700 
1 .349 
1 .  185 
1.571 
1.276 
1  100 
0  977 
1  728 
1  668 
1  370 
1  145 
1.021 
1  522 
1 .526 
1.274 
1.114 
1.100 

2.768 
2.579 
2.355 
•2  413 

2.664 


atm  .  9 
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%  Composition 

1  1°  C 

100t; 

%  Composition 

t,  °c 

IOO77 

%  Composition 

t,  °c 

IOOt, 

%  Composition 

t,  °C  I  IOOt, 

Pb,  5.02;  Sn  (9) 

Sb,  57.0;  Cu,  43.0 

715 

2.93 

Sn,  100 — ( Cont’d ) 

604 

1.045 

Sn,  75.0;  Cu,  25.0 

(OFH) . 

280 

1  706 

802 

2.47 

750 

0.905 

(14) 

685  1.833 

9.29 

280 

1.746 

900 

2.  12 

830  1.510 

15.54 

280 

1.830 

998 

1.867 

1001  | 1 . 266 

19.55 

280 

1.919 

1096 

1.683 

30.31 

280 

2 . 066 

Sb,  76.0;  Cu,  24.0 

644 

1.886 

32 . 99 

280 

2 . 052 

804 

1.483 

LITERATURE 

36.08 

280 

1 . 965 

903 

1.304 

(For  a  key  to  the  periodicals  see  end  of  volume] 

39.21 

280 

2  053 

1011 

1.176 

(i)  Arpi,  95,  5:  142;  14.  (2 

B6nard 

in  Brillouin,  Leqons  sur  la  viscosiU  des 

49.38 

280 

2.  189 

Sn,  100  (9)  (OFH) 

280 

1.678 

liquides  et  des  gaz ,  I:  152.  Paris,  Gauthier-Villars,  1907.  (3)  Cohen 

64.27 

280 

2.349 

296 

1.664 

and  Bruins,  61+P, 
81.  A27,  6:730; 

27:  873;  24.  7,  114 :  441;  24.  (<)  Emo, 

82.  (5)  Honda  and  Konno.  159,  11:  435' 

Thesis ,  Torino, 
22.  (6)  Iokibe 

69.80 

2S0 

2.451 

357 

1.421 

and  Sakai,  159,  10:  1;  21. 

(7)  Kikuta,  159,  10:  139;  21. 

]8)  Koch,  8,  14 : 

79.57 

280 

2.716 

389 

1.311 

1;  81.  (9)  Pluss,  93,  93:  1 

15. 

Sb,  100  (14) . 

702 

1.304 

Sn,  100  (I3) . 

301 

1 . 680 

(10)  von  Schweidler, 

75,  104 

Ha:  273 

;  95.  (il)  Voigt,  8,  47 

:  671;  92.  (12) 

801 

1.113 

320 

1.593 

Warburg,  8,  20: 

367;  70. 

(13)  Sauerwald  and  Topler,  93 

,  157:  117;  26., 

(l4)  Bienias  and  Sauerwald,  93.  161 

51;  27.  (15)  Thielmann  and  Wimmer. 

902 

1.010 

351 

1.518 

77,  47:  389;  27. 

(16)  Chevenard  and  Portevin,  378 ,  1926  Spec.  No.  434 

1002 

0 . 905 

450 

1 . 270 

(17)  Hettwer,  75, 

134  Ha: 

5  1;  25. 

VISCOSITY  OF  WATER,  SULFURIC  ACID,  LIQUID  CARBON  DIOXIDE  AND  CERTAIN 

ORGANIC  LIQUIDS* 

N.  Ernest  Dorsey 

Formulae  and  Units 

At  a  pressure  of  1  atm.,  v  =  a/(b  +  t)n. 

At  a  pressure  of  P  kg/cm2,  rjp  =  ?;i[I  +  kt(P  —  1)  X  10~4]. 

vi  is  the  value  of  v  when  P  is  1  kg/cm2,  which  may  be  taken  as  the  value  of  v  at  1  atm. 

The  unit  of  v  is  the  poise  unless  otherwise  stated. 

Water  between  0  and  100°.  I.  C.  T.  Values 

The  following  table  was  prepared  from  a  critical  evaluation  of  all  available  data.  It  is  estimated  that  the  accuracy  is  of  the  order 
of  0.1%  between  0  and  40°  and  of  0.5  to  1%  at  higher  temperatures.  Linear  interpolation  may  be  safely  employed  throughout  the 
table. 


Values  in  millipoises  (U  12i  16>  17>  22>  24>  30>  31>  32>  38) 


t,  °c 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

17.93s 

17.32o 

16.74o 

16.193 

15.676 

15.18s 

14 . 72e 

14.28s 

13.872 

13.476 

10 

13.097 

12.73s 

12.39o 

12.06i 

11.74s 

11 .447 

11.156 

10.875 

10.603 

10.34o 

20 

10.087 

9.843 

9.60s 

9 ,38o 

9.16i 

8.949 

8.746 

8.55i 

8.363 

8.I81 

30 

8.004 

7.834 

7.67o 

7.51i 

7.357 

7.20s 

7.064 

6.925 

6.79i 

6.661 

40 

6.53e 

6.415 

6.29s 

6  184 

6.075 

5  97o 

5.86s 

5 .77o 

5.675 

5.582 

50 

5.492 

5.40s 

5.32o 

5.23e 

5.153 

5.072 

4.994 

4.91s 

4.84s 

4 ,77o 

60 

4.699 

4.629 

4.56i 

4.49s 

4 . 43i 

4.36s 

4.306 

4.245 

4.186 

4.12s 

70 

4.07i 

4.016 

3.962 

3.909 

3.857 

3.806 

3 .756 

3.70s 

3 .661 

3.615 

80 

3.57o 

3.526 

3.48s 

3 . 44o 

3.396 

3  .357 

3.317 

3.27s 

3.24o 

3.20a 

90 

3  16e 

3.13o 

3.09s 

3.06i 

3.027 

2.994 

2.962 

2.93o 

2.899 

2.869 

100 

2.839 

2.82 

2.79 

2.76 

2.73 

2.70 

2.67 

2.64 

2.62 

2.59 

H20  below  0°C  (39) 

Values  corrected  and  adjusted  to  accord  with  I.  C.  T.  values 

above  0°C 


t,°  C . 

-2 

-4 

CO 

1 

O 

1 

-8 

-10 

lOOOt; . 

19.1 

20 . 5 

21.4]  22.2 

24.0 

26.0 

II2O  above  100°C  (16) 

Values  as  recorded  by  author  accord  with  I.  C.  T.  values  below 
100°C;  the  others  are  given  as  he  has  published  them.  The 
pressure  is  that  of  the  saturated  vapor  at  the  temperatures 
indicated. 


110 

120 

130 

140 

150 

160 

2.56| 

2.32] 

2.121 

1.96| 

1.84 

1.74 

*  For  main  section  of  Viscosity  of  Pure  Liquids,  see  final  index. 


H20:  Variation  with  Pressure 
Unit  of  P  =  1  kg/cm2 


l,  °c 

0 

10.3 

30 

1  75 

P 

t 

k, 

Lit. 

P 

M3) 

23.8 

9 

-2.0 

(28) 

500 

-1.24 

-0.62 

+0.49 

~j”0 . 7  2 

100 

1 

-2.14 

(4) 

1  000 

-0.79 

-0.46 

+  0.53 

+0.76 

300 

1 

-1.28 

(4) 

1  500 

-0.45 

-0.29 

+0 . 57 

+  0  75 

600 

1 

-1.05 

(4) 

2  000 

-0.215 

-O.I60 

+0.64 

+0.81 

100 

15 

—  0 . 55 

(4) 

3  000 

“j~0 . 08  0 

+0.051 

+0.76 

+0.84 

200 

15 

-0.63 

(4) 

4  000 

+0.278 

+0.202 

+0.87 

+0.90 

300 

15 

-0.51 

(4) 

5  000 

+0.44 

+0.332 

+0.95 

+  1.00 

400 

15 

-0.54 

(4) 

6  000 

+0.58 

+0.43 

+  1.02 

+  1.09 

500 

15 

-0.46 

(4) 

VISCOS I TY— PI* RE  LIQU I DS 


II20:  Variation  with  Pressure.  ( Continued 


f,  °c 

p 

0 

10  3 

30 

75 

P 

■ 

Lit. 

kt  (3) 

7  000 

+0.52 

+  1.07  +1  17 

0(H) 

15 

-  0 . 39 

(4) 

8  000 

+0.60 

+  1.12 

+  1.25 

700 

15 

-0.33 

(4) 

9  000 

+  1.16 

+ 1 . 36 

900 

15 

-0.30 

(4) 

10  ()()() 

+  1.17 

100 

23 

-0.47 

(4) 

1 1  000 

+  1.19 

300 

23 

-0.25 

(4) 

Variation  of  k,  with  f,  P  -  ■ 

113 

000 

23 

-0  17 

(4) 

kg/cm5  (>  % 

413 

20 

-0.33  (1% 

f,  °C 

20 

30 

40 

50 

310 

50  to  80 

+0.4 

(14) 

kt 

-0  33 

-0  07 

+0  17 

+0.34 

362 

55 

+0.6 

(14) 

t,  °c 

00 

70 

80 

90 

516 

40 

+0.4 

(14) 

kt 

+0.48 

+0.02 

+0.73 

+0.82 

In  disagreement  with  the  preceding  data,  the  observations  of 
(29,  37)  indicate  that  at  20°C  and  pressures  not  exceeding  1.50 
kg/cm1,  A t  =  —  1.7. 


Sulfuric  Acid 

17  “  3(1  -0.(107.'/  -  0 . 00 1  / - 1  if  1  Uea  between  11  90  (: 

(5,  6,  7,  8,  25,  26).  The  observations  are  discordant  by  ±0',  and 
more;  the  composition  of  the  acid  is  indefinite  but  presumably 
between  98  and  100%.  At  0°,  ij  is  45%  greater  than  that  given 
by  the  formula  (5);  cf.  (19);  there  is  only  one  recorded  observa¬ 
tion  at  0°  and  none  between  0  and  11°. 


1,  °C . 

0 

11 

151 

20 

30 

40 

50 

60 

70 

80 

90 

10% . 

.  .  .  . 1  484 1 

321 

299 

267 

199 

145 

107 

80 

62 

49 

40 

Liquid  Carbon  Dioxide 


Under  essentially  the  pressure  of  its  saturated  vapor  (36 


1,  °c... 

5 

10  15 

20 

25 

29 

p,  atm . 

40.4 

45.7  51. 6 

58.2 

65.6 

73. 6 

10%.... 

0 . 925 

0 . 852  0 . 784 

0.712 

0.625 

0 . 539 

At  higher  pressures 
20°C  (2  3) 


p,  atm . 

10% . 

59 

0  697  0 

72 

.771 

83 

0  823 

25. 1°C  (36) 

p,  atm . 

70 

75  85 

95 

105 

10% . 

0.628 

0.665  |  0.703  | 

0.741 

0  800 

30°C  (23) 


p,  atm . 

72  73 

7) 

70 

10% . 

0.458  0.478 

0.495 

0  529 

80 

0.565 


30°c  (23) 


|  p,  atm 

toy. 


82  90 

0 . 592  0.04:1, 


96 

0.09.1 


At  the  critical  point,  10%  is  0.321  (23). 


101  I  110.5 

0  733  0 . 770 


a  =  93.3  ±0.5,  b 


ORGANIC  LIQUIDS 

CIIClj,  Chloroform 

163,  n  =  1.865,  if  f  lies  between  —15  and  00° 
(32);  cf.  (13,  21,  40)  


/,  °c 

10%. 


-10  |  0  ±10  20  I  30  |  40  1  50  t 

7.80  0.99  0  25  5.03  5  10  1.04  4  24  3 


40  I  50  |  00 


89i 


P. . 

kio. 
kit . 


500  1  000  2  000  4  000 

5.77  6.2s  7.1a  8.92 

6.81  7.22  7.3a  7.9<> 


(3) 


Chloroform. — (Continued) 

P .  0  (XX)  8  000  10  (XX) 

1 1  0s  1(3) 

k . . . 9,0s  12  9s  18  la  J 

ClljOH,  Methyl  Alcohol 

a  =  21  000  ±  100.  b  =  175.5,  n  =  2.858,  if  t  lies  between  0  and 


_ 60°C  (32);  r/.  (2.  1 0 ) 

/,  °C .  .  .  0  id  20  30  40  50  00 

10% . is. 08  6.90  5.93  5  15  4  49  3  95  3  49 


P .  500  1  (XX)  2  (XX)  4  (XX) 

ktt .  4.8s  4.6ti  4  0a  4  Su  (3) 

kit . . 4.7a_ 4  5‘.i_ 4  In_ 4  37  J 

P .  0  000  8  0(X)  10  (XX)  12  (XX) 

AJ0 .  5.2i  5.7s  0.4s  7.4a  •  (3) 

kit . 1  4.4.5  4  72  5.1 1  5.5s  | 

CjHiOll,  Ethy  l  Alcohol 


a  =  (8.20  ±  0.04)  X  107,  b  =  200,  n  =  4.2,  if  flies  between  0  and 
75°C  (32);  cf.  (2.  10,  n,  33,  34,  35) 


f,  °C .  0  |  10  20  30  40  50  00  70 

10% . 17  9o  17.52  17  lr,  10  Si  Id  47  10  1  1  15  s  1  15  la 

P  k0  k  is.  1  J  k  jo  kti.t  ku  Lit. 


P  k0  kni  j  k  jo  kti  1  ku  Lit. 


Excepting  from  0  to  -±30°C,  only  non-overlapping  series  of 
data  are  available  for  variation  of  y  with  f;  different  series  do  not 
agree  satisfactorily;  for  each,  7 7  —  c(10)_>  [1  -±  d/(10)  1  + 
eP  (10)“‘)  with  average  deviation  of  5.  Actual  uncertainty  exceeds 
5  and,  except  between  0  anti  +30°C,  may  amount  to  several  %. 


Range 

c 

d 

« 

* 

Lit. 

0  to  +30°C 

2.842 

10.40 

26 . 2 

0  1  % 

(32  ;  cf.  (10,  18,  27, 

40  | 

0  to  +50 

2.876* 

10.40 

26 . 2 

0.2 

(15,  16) 

+50  to  +100 

2.520* 

4.39  s 

70 . 2 

0.1 

(15,  16) 

0  to  -  32 

2 . 898 

10.54 

26  1 

0.1 

(4,)J  Cf.  (20) 

-40  to  -110 

2  793 

10.87 

25  2 

0.5 

(4«  ;  cf.  (20, 

(  °c . 

-lit) 
25  6 

-1(X) 

16  9 

-90 

12.4 

-80 

9  5s 

-60 

6.37 

-40 

4.61 

-30 
4  10 

-20 
3  62 

10% . 

/,  °c . 

-10 

0 

+20 

30 

40 

1  97 

00 

1  66 

80  |  100 
1.401 1.18 

10% . 

•  At  prewuro  of  »a  turn  ted  vapor. 


C 

kt  (») 

A  jo  (») 

A 10  (3) 

A„  (•) 

(*) 

500 

9.6 

9  6 

10  92 

8.7 

8 

02 

1  000 

10  4 

10.0 

11  Oo 

9.2 

8 

6o 

2  000 

12  4 

11.3 

11  32 

10.5 

9 

62 

3  000 

15. 1 

14  1 

12  0 

13.2 

10 

0 

4  000 

12.9s 

10 

7i 

0  000 

16.69 

12 

45 

8  000 

21.55 

14 

7s 

10  000 

28.4s 

17 

92 

12  000 

38.  Is 

21 

7» 

12 


INTERNATIONAL,  critical  tables 


CoHo,  Benzene 

a  =  14.42  +0.03,  b  =  90.  n  =  1.64;  if  l  lies  between  0  and  75°C 

(27,  32,  40);  of,  (10) 


t,  °c . 

0  |  10  I  20  30  |  40  I  50 

60 

70 

10’tj . 

9  00  7.57  6.47  5.6l|  4.92|  4.36 

3 . 89.3 

3 . 502 

For  the  liquid  under  the  pressure  of  its  saturated  vapor  the 
viscosity  (vp.t)  may  be  calculated  by  means  of  the  equation 
Vr.t  =  vu  [1  —  0.0123(p  —  1)],  if  l  lies  between  0  and  190°C, 
where  yi.t  is  value  of  v  at  t°  and  1  atm.  as  computed  by  the  pre¬ 
ceding  formula  (jji.t  =  14.42/(90  +  f)1-64),  and  p  is  the  pressure 
(in  atm.)  of  the  saturated  vapor.  Observations  between  0  and 
100°C  lie  on  the  average  1.3%  below  the  computed  values,  from 
100  to  190°  observed  and  computed  agree  to  within  0.1%  (15>  16). 


P . 

500 

1000 

2000 

3000 

Lit. 

K30 . 

9.80 

12.23 

}  (3) 

&76-  ■  ■ 

9.80 

10. 7o 

12.45 

14. 7o 

LITERATURE 

(For  a  key  to  the  periodicals  see  end  of  volume) 

(■)  Bingham  and  White,  96,  80:  070;  12.  (2)  Bingham,  White,  Thomas  and 

Caldwell,  7,  83:  641;  13.  (3)  Bridgman,  65,  61:  57;  26.  (4)  Cohen,  S,  45 : 

666;  92.  (5)  Drucker  and  Kassel,  7,  76:  367;  11.  (•)  Dunstan,  182,  30: 

104;  14.  (7)  Dunstan  and  Wilson,  4,  91:  83;  07.  (8)  Dunstan  and  Wilson, 

4,  93  :  2179;  09.  (»)  Faust,  188,  1913 :  489.  7,  86:  479;  13. 

(10)  Gartenmeister,  7,  6:  524;  90.  (xl)  Graham,  62,  185:  397;  61.  (12)  Gro- 

trian,  8,  8  :  529;  79.  ( 2  3 )  Guye  and  Friderich,  27,  19  :  164;  98.  ( 1 4 )  Bfauser, 
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VISCOSITY  OF  AQUEOUS  SOLUTIONS  OF  STRONG  ELECTROLYTES 


Stuart  J.  Bates  and 

In  the  following  tables,  the  concentration  F,  is  given  in  formula 
weights  per  1000  g  of  water,  and  77*  is  the  viscosity  referred  to  that 
of  water  at  the  same  temperature  as  unity,  except  as  otherwise 
noted.  Temperature  in  °C  is  indicated  by  the  subscript. 

Few  of  the  investigators  have  determined  and  applied  any 
correction  for  failure  of  their  viscometers  to  obey  Poiseuille’s 
law  exactly.  Where  feasible,  corrections  of  this  nature  have 
therefore  been  applied. 

In  general,  the  last  figure  given  is  to  be  regarded  as  not  being  in 
error  by  more  than  5  units.  Where  it  is  given  in  smaller  type,  the 
probable  error  is  somewhat  greater,  and  the  last  figure  may  or 
may  not  be  significant.  In  cases  where  it  has  been  possible  to 
estimate  the  probable  error  with  considerable  certainty,  this  is 
given.  Thus  for  HC1  at  25°  and  IF  the  relative  viscosity  is 
1.060  +  0.003.  This  indicates  that  the  probable  error  for  all 
solutions  up  to  a  concentration  of  IF  is  about  0.3%. 

For  some  electrolytes,  additional  data,  chiefly  at  higher  or  lower 
temperatures  or  at  higher  concentrations  than  those  covered  by  the 
tables,  may  be  found  by  consulting  the  literature. 

Should  it  be  desired  to  interpolate  the  viscosity  data  to  other 
units  of  concentration,  for  example  to  (volume)  normal,  this  may 
usually  be  readily  done  algebraically  by  noting  that,  in  general,  for 

77/ 770  —  1 


small  changes  of  concentration,  the  expression 


changes 


Warren  P 
hcio3 

77 1  &  (79) 


F 

0.25 
0.5 

1.0 
F 

0.1 
0.25 
0.5 
1.0 
*  ±0.003. 

HCIO4  (10°) 


1.004 

1.010 

1.030 

7725  (66) 

1.005* 

1.013* 

1.025* 

1.051* 


Baxter 

hcic>4. 
M  % 

45 


M  % 

7720 

7?  50 

HBr 

5 

1.05 

1.13 

F 

710  (91) 

10 

1.29 

1.42 

1 

0.987* 

15 

1.74 

1.89 

2 

0.974 

20 

2.51 

2.72 

3 

0.964 

25 

3.41 

3.64 

F 

77.5  (91) 

30 

4.44 

4.77 

1 

1.014* 

35 

5.75 

6.04 

2 

1.029 

40 

6.77 

3 

1.045 

-( Cont’d ) 


50 

65 

75 

80 

100 

F 

0.25 

0.5 

1.0 


7720 

7760 

F 

7)26  (15’ 

6.82 

66,  91) 

6.10 

0.25 

1.008f 

3.66 

0.5 

l.oiet 

2.45 

1.0 

1.031t 

1.77 

2.06 

2 

1.058 

0.76 

1.03 

3 

1 .081 

7725  (66) 
1.000 
1.003 
1.011 


HBr. — ( Cont’d ) 


*  ±0.005.  t  ±0.002. 


HBrCb  (80) 
F 

0.25 
0.5 


0.75 


7716 

1.016 

1.034 

1.053 


HI  (88) 


F 

0.1 

0.2 


7726 

0.996 
0 . 9954 


h2so4 


but  slowly  with  the  concentration. 

*  All  interconversions  between  tj  and  r; / v.  w  have  been  based  upon  the  values 
for  water  given  on  page  10. 

AQUEOUS  SOLUTIONS  CONTAINING  A  SINGLE  STRONG 

ELECTROLYTE 

IB-Table;  Standard  Arrangement  (v.  Vol.  Ill,  p.  viii) 


HC1  (27,  45,  66,  69,  91);  c/.  (103) 


F 

Vo 

(91) 

F 

7725 

F 

V26 

1 

1 

020* 

0. 

1 

1 . 007 1 

6 

1 . 355 

2 

1 

040 

0. 

25 

1 . 017  f 

7 

1.418 

3 

1 

00 

10 

0 

0. 

5 

1.032-j- 

8 

1.485 

7)16 

(91) 

1 

2 

l.oooj 

1.116 

9 

11 

1.56 

1.71 

1 

1 

041* 

3 

1 . 175 

13 

1.86 

2 

1 

083 

4 

1.233 

16 

2.12 

3 

1 

125 

5 

1.294 

*  ±0.005 

t  ±0.003. 

Values  of  77 


F 

20°  (29) 

25°  (29,1 

95)  40°  (29  1  60°  (29) 

80°  (29) 

Wt.  % 

80°  (29) 

0.1 

1.017 

10 

1.24 

0.25 

1.043 

20 

1 . 55 

0.5 

1.090 

1.091 

1.096 

1 . 103 

1.12o 

30 

2.05 

1.0 

1.184 

1.185 

1.188 

1 .  197 

1.21i 

2.0 

1.405 

1.406 

1.40a 

1.41 

1.41 

4.0 

1.89 

1.89 

1.89 

1.89 

1.90 

Wt. 

% 

Values  of 

»7 

0°  (67) 

10°  (3)  |20°  (29) 

25°  (3, 

18,  19) 

40°  (3. 

29) 

60°  (2  9) 

75°  (67) 

10 

1.2 

1.2  1.211 

1.212 

1.215 

1.223 

1.23 

20 

1  45 

1.5  1.535 

1.535 

1 . 53  7 

1.54 

1.55 

30 

1.9 

1.97  1  2.02 

2.02 

2.02 

2.02 

2.04 

40 

2.6 

2.6o  1 

2.68 

2  7  a 

2.8 
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H2SO,.  (C'ontiniinl ) 


Wt. 

% 

Values  of 

V 

0°  (67) 

10°  (3)  |20°  (29) 

25°  (3, 

18,  19 

40°  (3, 
29) 

60°  (29 

75°  (67) 

50 

3.6 

3.74 

3.83 

8o 

4.2 

60 

6.0 

5.8 

5.9 

5 . 8 

6 

70 

11 

10 

10.0 

9.3 

8 

75 

17 

16 

14.3 

12.8 

10 

80 

20 . 3 

86 

24.7 

90 

26 

23.5 

14 

95 

25 

21.9 

14 

98 

29 

27 

23.2 

20 

15 

NHJ 


HNO 


NH.OH 


Values  of  y 

F 

4°  (9) 

11°  (9) 

18°  (9) 

25°  (9, 
66) 

0.1 

0.9956 

0 . 999 o 

1.0011 

1.0035 

0.25 

0.9927 

0 . 9987 

1.003o 

1  0074 

0.5 

0.9903 

1  0007 

1.0072 

1.0133 

1 

0 . 9886 

1.0 lOo 

1.0197 

1.0295 

Wt. 

% 

10°  (3) 

20°  (3. 

25) 

40°  (3) 

—  15°f 

(49) 

10 

1.00s 

1  035 

1.075 

25 

1.14 

1.20 

1.28 

0.0272 

40 

1.46 

1.56 

1.63 

0.0353 

50 

1 . 7G 

1.82 

1.91 

0.0445 

60 

2.00 

2.03 

2.07 

0.0562 

70 

1.99 

2.03 

2.06 

0.0581 

80 

1.80 

1.86 

1.94 

0.0427 

90 

100 

1.27 

0 . 79 

1.35 

0.89 

1.48 

1.04 

t  In  poises. | 

25°  (4,  5,  43) 


0.25 

0.5 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 


1 


005  * 

010* 

019* 

038* 

055* 

071 

080 


1. 

1  182 


NH.NO 


Values  of  y 


F  | 


10°  (84  20°  (84  I  40°  (84)|50°  (84  25°  (23>  43  I 


i 

0 

943 

0 

90s 

0 

996 

1.012 

0 

25 

0 

993 

4 

0 

981 

2 

0 

912 

0 

954 

1 

005 

1.03 

0 

5 

0 

986 

5 

1 

009 

5 

0 

92  o 

0 

98s 

1 

09 

1.13 

1 

0 

0 

973 

6 

l 

042 

7.5 

0 

985 

1 

06  o 

1 

19 

1.25 

2 

0 

956 

12 

1 

18s 

1 

295 

1 

455 

1  53  s 

3 

0 

960 

NH.Cl 


F 

Values  of  y 

0°  (8<) 

10°  (84) 

18°*  (2* 
12,  72) 

25°f  (5- 

23,  32, 
43) 

40°  (84) 

60°  (84) 

0.25 

0.993 

0.997 

0.5 

0.987 

0.994 

1 

0.931 

0.965 

0.978 

0  991 

1.014 

1.03  s 

2 

0.891 

0 . 94o 

0.965 

0.988 

1  02s 

1.06s 

3 

0.863 

0 . 924 

0.961 

0 . 993 

1.045 

1.095 

4 

0 . 846 

0.917 

0.963 

1.002 

1  065 

1.13 

5 

0.970 

1.017 

6 

0  829 

0.924 

0 . 983 

1  034 

1.12 

1.20 

*  ±0.003.  t  ±0.005. 

NH.Br 

F 

Values  of  y 

0°  (84) 

10°  (84)  |  20°  (84)  25°  ( 2 3 

1  40°  (84) 

|  60°  (•*) 

2 

0  83o 

0.89o 

0.932 

0 . 945 

0 . 987 

1.03s 

3.5 

0.784 

0 .85e 

0.917 

0.934 

0.997 

1.07 

6 

0.772 

0.854 

0  93o 

0.957 

1.04s 

1.14s 

At  25°,  F  =  0.25;  0.993. 
5;  0.94s  (23). 


F  -  0.5;  0.985.  F  -  1;  0.970.  F  - 


F 

Values 

of  y 

25  2i 

45° 

65) 

in  23 

15°  («) 

2U  23 

30° 

6  5)  | 

0.25 

0.981 

0 

986 

0 

991 

0.5 

0  963 

0 

971 

0 

982 

1 

0.892 

0.901 

0.917 

0  932 

0 

947* 

0 

970 

2 

0.809 

0.840 

0 . 869 

0  892 

3.5 

0.76o 

0.80  s 

0.83  s 

0.878 

5 

0.764 

Oslo 

0.844 

0  894 

0 

911 

6.5 

0 . 794 

0.84o 

0.87s 

0.92s 

9 

1 

027 

»  ±  0.003. 


NH,  SO, 


Values  of 

V 

F 

10°  (84) 

■H 

29, 

40 

29, 

60 

29, 

0  (8  4 

84  , 

25 

43 

84 

84 

so 

(29 

0 

25 

1 

053 

0 

5 

i 

.092 

1 

lOo 

1 

1 1  2 

1 

.  134 

1 

162 

1 

0 

1.13 

1.18 

i 

.  198 

1 

209 

1 

23e 

1 

.  269 

1 

30 

2 

0 

i 

.452 

1 

.52 

1 

.  57 

1 

61 

2 

.5 

1.46 

1 . 55 

1 

61 

1 

.  67 

1 

.74 

4 

5 

2 

.32 

2 

43 

*> 

50 

2 

56 

H  jPO, 


CH.NH.C1  43 


1.100 

F 

’Ms 

ya 

F 

Vi* 

F 

1.114 

(57) 

(66) 

0. 1 

1 .005 

0.1 

1  .  127 

0.25 

1.064 

1 . 062 

0.25 

1.014 

0.25 

1.139 

0.5 

1.140 

1  130 

0.5 

1 . 028 

0.5 

1  15i 

1 

1.294 

l  273 

1 

1  067 

1 

1.162 

2 

1.650 

CH,)-NH  Cl  43 

(C;Hi), 

H>AsO, 


F 

yu  (88) 

0.1 

1.023 

0.25 

1.060 

0.5 

1 . 126 

1 

1.257 

CH3NH3OH 

F 

vu  (43) 

0. 1 

1.013 

0.25 

1.034 

0.5 

1.071 

1 

1.146 

(CHj)2NH:OH 

F 

VU  (*3) 

0.1 

1.025 

0.25 

1.064 

0.5 

l  184 

1 

1.279 

C.H  NHC1  43 
Vu 

1  038 
1  098 
1  199 
1  411 


0.1 

0.25 

0.5 

1 


1  010 

1 . 025 
1  051 
1.099 


C:H  ,NH  Cl  4  3 


0.1 
0 . 25 
0.5 

1 


1 .015 
1  038 
1 .070 
1  154 


(CH,):NHC1  43 
0.1  1.039 

0.25  1.098 

0.5  1.201 

1  1  130 

(CH3),NC1  (43 


0.1 
0 . 25 
0.5 

1 


NH,C.H,0, 

F  y„  (81) 
0.25  1.058 

0.5  I  1.117 

1  i  1.238  | 

(CH,)fNHOH  (43 
F  !  yu 

0.1  !  1.053 

0.25  j  1.139 

0.5  |  1  282 

1  j  1.599 

(CH^.NOH  (43) 

0.1  I  1.028 

0.25  I  1  070 

0.5  1.140 

1  i  1.286 


I  014 
I  037 
1  073 
1  146 


/ 

? 

vu 

Vi* 

0 

.25 

1 

089, 

1 

089 

0 

.5 

1 

190 

1 

188 

1 

1 

436 1 

I 

432 

(CjH;) 

,NCI 

(90) 

0 

•25 

1 

216] 

1. 

190 

0 

*  ** 

1 

494 

1 

436 

0 

7  5] 

1 

786 

1 

750 

(C2H, 

,NBr  (90) 

0 

■25] 

1 

0S7 

1 

081 

0 

.5 

1 

186 

1 

174 

1 

1  l 

406 

1 

385 

(CH 1 1 

,NI 

(90) 

0 

.1  1 

l 

005 

j  1 

004 

0 

25 

1 

012 

1 

012 

(C.-.H,)  ,NI 

90 

0 

25] 

1 

.  199 

1. 

182 

0 

5 

1 

.  458 

1 

426 

Pbi NOj  j 


C  H  NH.Cl  43 
0.1  1.029 

0.25  1  073 

0.5  1  146 

1  1  294 

C.H  NH  Cl  24) 


0. 1 
0.25 
0.5 
1 
o 

3 

4 

5 

6 


1  040 
1  082 
1  1.50 

I  982 
1  568 

1  856 

2  18s 
2  56o 

2  99o 

3  44s 


F 

0.1 
0.25 
0.5 
F 

0. 1 
0.25 
0.5 
1.0 
1.5 

Pb(C ,H ;Oj)j  (47) 


Vit  <«) 

1.016s 
1  043  s 
1  097i 

•>»  («•  95) 
1  019 
1  049 
1  105 
1.255 
1  447 


Vih 


Via 


0.25  1.140  1  139 
1  ;  1  647  1  60s 

F  «in 

0  25  1.138  1  137 
1  1  56<>i  1  55o 
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INTERNATIONAL  CRITICAL  TABLES 


TlOH  (102) 


T1NO 

3  (95) 

F 

Vu 

0.1 

0 . 994 

0.25 

0 . 987 

ZnCl2 

F 

3?  18  (2) 

0.5 

1 . 187 

F 

Vas  (4-  9S) 

0.1 

1.039 

0.25 

1.096 

0.5 

1. 187 

ZnS04 

F 

V 18  (2) 

0.5 

1.361 

F 

7725  (4)  32’ 
95) 

0.1 

1.063 

0.25 

1.167 

0.5 

1.366 

1 

1.895 

2 

3.78 

Zn(NOs)2  (95) 

F 

7/25 

0.1 

1.030 

0.25 

1.079 

0.5 

1.164 

CdCl 

2  (95) 

0.1 

1.023 

0.25 

1.063 

0.5 

1 . 132 

CdSO 

4  (") 

0.1 

1.060 

0.25 

1.158 

0.5 

1.344 

Cd(NOj)2  (95) 

0.1 

1.028 

0.25 

1.074 

0.5 

1.161 

HgCl2  (33,  65,  95) 

0.1 

1.012 

0.25 

1.032 

Hg(CN)2 

F 

7716  (65) 

0.1 

1.014 

0.25 

1.036 

F 

7726  (33> 
65) 

0.1 

1.013 

0.25 

1.034 

0.4 

1.055 

F 

7746  (63) 

0.1 

1.012 

0.25 

1.031 

F 

CuCl2 

Vis 

7726  (32> 

0.1 

(72) 

1.040 

95) 

1.040 

0.25 

1.100 

1.102 

0.5 

1.201 

1  208 

1 

1.425 

1.435 

2 

1.943 

1.942 

3 

2.564 

CuSO.i 


F 

>718  (2) 

>726  ( 4 > 
32,  95) 

0  1 

1  063 

1.061 

0 . 25 

1  169 

1.161 

0.5 

1 . 369 

1  357 

0 . 75 

1 . 607 

l  598 

1 

1.875 

Cu(N  O3)  2 

F 

>718  (2) 

7725  (4> 

95) 

0. 1 

1 . 034 

1 . 030 

0.25 

1.089 

1.080 

0.5 

1 . 188 

1.174 

1 

1 . 435 

2 

2.04 

2.01 

4.5 

5 . 45 

5.25 

F 

7735 

Vis 

(94) 

(94) 

2 

1.98 

1.95 

4.5 

4.95 

4.63 

Cu(CH02)2  (73) 

F 

77 18 

0.05 

1.032 

0.1 

1 . 058 

0.2 

1.108 

0.3 

1.157 

Cu(C2H302)2  (73) 

0.05 

1.041 

0.1 

1.081 

0.2 

1.156 

Cu(C3H602)2  (73) 

0.05 

1.058 

0.1 

1 . 105 

0.2 

1.200 

AgN03  (4,  70,  95) 

F 

7725 

0.25 

1 . 008 

0.5 

1.020 

1 

1.055 

3 

1.265 

6 

1.65 

12 

2.71 

AgTl(N03)2 
0  to  100  %  of  salt  at 
100°  (64) 


MnCl2 

(32, 

95) 

F 

77  2  5 

0.1 

1 

038 

0 . 25 

1 

098 

0.5 

1 

207 

1 

1 

.44 

2 

2 

.04 

3 

2 

.89 

MnS04 

(32 

95) 

0.1 

1 

064 

0.25 

1 

169 

0.5 

1 

368 

1 

1 

90 

2 

3 

86 

3 

7 

9o 

Mn(NOj)j  (32,  95) 

i? 


F 

7725 

0.1 

1 . 033 

0 . 25 

1.085 

0.5 

1.176 

1 

1.37o 

2 

1.84 

3 

2.49 

FeCl., 

1 

>7o 

(56) 

>718 

(56) 

0 

05 

1 

.035 

1 

.036 

0 

1 

1 

070 

1 

073 

0 

25 

1 

18 

1 

IS 

0 

5 

1 

39 

1 

CO 

00 

0 

75 

1 

64 

1 

62 

1 

0 

1 

93 

1 

88 

1 

5 

2 

07 

2 

53 

2 

0 

3 

64 

3 

30 

3 

0 

6 

9 

5 

7 

4 

7 

19 

0 

12 

7 

F 

7726 

(43, 

7735 

56) 

(56) 

0 

05 

1 

036 

1 

034 

0 

1 

1 

072 

1 

067 

0 

25 

1 

18 

1 

17 

0 

5 

1 

37 

1 

35 

0 

75 

1 

60 

1 

57 

1 

0 

1 

85 

1 

80 

1 

5 

2 

45 

2 

34 

2 

0 

3 

18 

3 

00 

3 

0 

5 

2 

3 

9 

4 

7 

11 

3 

9 

8 

CoCl2  (54>  95>  ") 


F 

7726 

0.1 

1.038 

0.25 

1.098 

0.5 

1.202 

1 

1 . 432 

F 

7775  (") 

1 

1.408 

C0SO4  (9S) 

0.1 

1.060 

0.25 

1.160 

0.5 

1.353 

Co(N03)2  (95) 

0.1 

1.028 

0.25 

1.074 

0.5 

1.162 

Co(CNS)2  (") 

F 

7725 

0,5 

1.195 

F 

7775 

0.5 

1.185 

NiCl 

2  (9S) 

F 

7726 

0.1 

1.036 

0.25 

1 . 094 

0.5 

1.204 

NiS04  (95) 

0.1 

1.059 

0.25 

1.161 

0.5 

1.361 

Ni(N03)2  (") 

0.1 

1.032 

0.25 

1.083 

0.5 

1.177 

Cr03  (104) 

H2Cr04. 

—(Cont'd) 

CrCl3  (61) 

H2Cr04(83) 

F 

7)30  |  7J40 

F 

Vis 

1  7705 

F 

V\o 

7720 

7 

1.805  1.835 

Green  solution 

2 

1.12 

1.14 

12 

2 

74  I  2.755 

0.25 

1.078 

1.  109 

4 

1.315 

1.365 

0.5 

1 .  168 

1.22 

7 

1.715 

1 . 70s 

F 

7715  (78) 

1 

1.39 

1.45 

12 

2.675 

2.715 

0.2 

5 

1.016 

Violet  solution 

F 

7730 

7740 

0.5 

1.032 

0 . 25 

1.160 

1.150 

2 

1.16 

1.17 

1 

1.064 

0.5 

1.34o 

1.315 

4 

1.395 

1.42 

2 

1.129 

1 

1 . 75 

1.78 

Cr2(S04)3  (26) 

/- 

7710 

7720 

772s 

7740 

7760 

Violet  solution 


0.1 

1.222 

1.19o 

1.182 

1.165 

1.12o 

0.2 

1.51o 

1.485 

1.485 

1.43o 

1 

0.3 

1.95o 

1.935 

1.92o 

1.845 

1.685 

Green  solution 


0.1 

1.145 

1.125 

1.117 

l.llo 

l.lOo 

0.2 

1.36o 

1.325 

1.310 

1.29o 

1.25o 

0.3 

1.71 

1 . 65 

1.65 

1.605 

1.50 

(NH4)2Cr20 

7  (82) 

F 

Via 

7)20 

0.25 

0.990 

1.000 

0.5 

0.990 

1.011 

1 

1.006 

1.046 

F 

7730 

Via 

0.25 

1.013 

1.027 

0.5 

1.032 

1.055 

1 

1.081 

1.111 

MgSO 

4 

F 

77 18  (2> 

7725  (32> 

28,  84 ) 

95) 

0.05 

1.0339 

1.030 

0.1 

1.0673 

1.061 

0.25 

1.1733 

1.164 

0.5 

1.3795 

1.366 

1 

1.95 

1.93 

2 

3.95 

3.8o 

Ca(N03) 

2  (58>  95) 

F 

7725 

0.1 

1.020 

0.25 

1.054 

0.5 

1.120 

1 

1.29o 

2 

1 . 75o 

3 

2.450 

(NH4)2Cr04  (82) 


F 

7710 

7720 

0.5 

1.052 

1.069 

1 

1 .  II2 

1.143 

2.5 

1.37 

1.422 

F 

7730 

Vta 

0.5 

1.079 

1.095 

1 

1.164 

1.19 

2.5 

1.47 

1.515 

A12(S04)3  (95) 


7)25 


0.05 

0.1 

0.15 


1.100 

1.219 

1.355 


BeCl2  (21) 


F  via  (84) 

1  1.89 

2  3.55 


Mg(N03)2 


F 

0.5 

1 

2 

3 


7)28  (32) 

1.165 

1.374 

1.95 

2.84 


Mg(C2H302)s  (68) 
MgCr04  (82) 

F  v 

10°  I  20°  1  40° 

1  1.521.511.49 


Ca(C2H302) 

(81) 

F 

Vis 

0 

.25 

1 

.212 

0 

.  5 

1 

465 

1 

2 

.135 

CaCr04  (28) 

F 

7?1S 

0 

.05 

1 

.0263 

0 

1 

1 

.0512 

0 

.25 

1 

.1290 

0 

5 

1 

.272 

F 


SrCl, 
77.8  (72) 


Vii  (32> 


95) 


0.15  j  1.065 
0.25  !  1.110 

BeS04  (9S) 
0.1  |  1 . 060 
0.25  j  1.161 
0.5  !  1.356 


MgCl 

F 

77 18 

>725  (32> 

(2S) 

95) 

0.05 

1.022o 

1.016 

0.1 

1.0423 

1.034 

0.25 

1 . 102 

1.093 

0.5 

1.2095 

1 .200 

1 

1.468 

2 

2.233 

3 

3.361 

2 

2.28|2. 

23  2 . 16 

CaCl2 

F 

Via 

7740 

(84) 

(84) 

2 

1.72 

1.82 

4 

3.48 

3.72 

6 

9.4 

8.2 

F 

77,8  (28> 

7?2S  (52> 

75,  84) 

84,  95) 

0.1 

1.0305 

1 . 030 

0.25 

1.075o 

1.076 

0.5 

1 . 1485 

1.155 

1 

1.30s 

1.33 

2 

1.74 

1.78 

4 

3.54 

3 . 60 

6 

9.0o 

8.5 

0.1 

0.25 

0.5 

1 

2 

3 

F 

0.5 

1 

2 

3 


1.027 

1.067 

1 . 139 

1.300 

1.77 

2.50 


1.027 
1 . 069 
1.146 
1  33 
1.81 
2.56 


Via  (84) 
1.16 


1.35 

1.85 

2.63 


Sr(N03)2  (95) 

F  T)2h 

0.1  1.019 


0.25 


1 . 050 


0.5 


1  112 


VISCOSITY— AQUEOUS  SOLUTIONS:  STRONG  ELECTROLYTES 


Sr(C2H,02)i  81 
F 


LiCl. — (C'ont'il 


0 . 25 
0.5 

1 


715 

1.212 
1  . 405 
2.  Lis 


Ba(OH)j  («02) 
BaCl2 

F  7io  (54’  7  si.  (54> 

84)  I  84) 

0.25  1.045  1  07o 
0.5  1 .005  1  14 

1  1.22  l  .31 

A  7m  (2>  7ss  (32> 
12,  72  95 ! 

0.1  1.024  1.024 

0.25  1.060  1  061 
0.5  1.120  1.126 

1  1.259  1.285 


BaBr  .  (17) 
F 

0.1 


718 

1.018 


Ba(N03)2  (95, 
F 

0.1 
0.25 


7*5 

1.017 
1  048 


Ba(C2H302)2  (81 
F 

0.25 
0.5 


1 


1716 

1.202 
1 . 426 
2.019 


Ba(CNS)2  (99) 

F 

0.5 

Li  OH  (10);  cf.  (102) 


725 

1 . 106 


F 

0.5 

1 

2 

4 

F 

0.5 

1 

2 

4 


o.l 

0.25 

0.5 

1 

2 

3 

4 

5 

6 

7 

8 
9 


Vo 

1.13 
1.24 
1  .67 
3.4o 

Vto 
1.11 
1.22 
1.56 
2 . 08 
LiCl 
v\»  (2> 

8,  27, 
28,  33) 

l.OlfSo 
1 . 0385 
1.0747 
1 . 147® 
1 .21)8 
1.473 
1 . 669 
1.891 
2.14s 
2.44s 
2.80) 
3.23s 


10 

3 

76s 

3 

73 

11 

1 

40s 

4 

33 

12 

5 

14 

S 

06 

13 

6 

03 

5 

94 

14 

7 

14 

•I 

99 

15 

8 

47 

8 

23 

16 

9 

99 

9 

60 

17 

1 1 

80 

1 1 

12 

20 

IS 

9 

7)76 

1.131 


725 
1.12 
1 . 23 
I.61 
2.8s 
7775 
1.10 
1.21 
1 .51 
2.3o 


ni  (27« 

52,  82, 

7  0,  95) 

I  1.014 
1.035 
I  1.069 
|  1.142 
1.302 
(  1.479 
I  1.673 
1  1.895 
|  2.15s 
j  2.45s 
2.81 
3.23s 


F 

0.1 

0.25 

0.5 

1 

3 

6 

9 

14 

F 


„  (i«, 

97) 

1  012* 
1 .033* 
1 . 069* 
1  .  129* 
1  Ub 
2.09 
3.24 


ijio  (36I 

84) 

1.067 
1.143 
1.49s 
2.18s 
3.26 
6.69 
(36) 
1.06s 
1.14o 
'l.53 
j  2.24 
I  3.28 
6.16 
*  ±0.002. 

LiC103  (70) 
F 
1 
3 
7 
17 
35 


1)10  (2*. 

84 


1.071 
1.141 
1 . 46s 

2.12s 
3.23 
7 . 34 
-740  C6) 


LiN  03. — (Cord'd ) 


0.5 

1 

3 

6 

9 

14 

F 

0.5 

I 

3 

6 

9 

14 


1 .068 

1.148 

1.51s 

2.21s 

3.28 

6.40 

oioo(38) 
1 .068 
1.140 
1.53 
2.26 
3.26 
5.92 


*726 

1.141 
1.456 
2.44 
9.19 
61 

LiBr  (“i.  71) 


0.1 

LiBrOj 

F 

0.1 

0.25 

0.5 

0.8 


1.015 

(89) 

7)20 

1.017 
1.044 
1.090 
1 . 146 


LilOj  (28) 
F 

0 . 05 


0.2 

1 

3 

F 

0 . 05 
0.1 
0.25 
0.5 


7)18 

1.0158 
1.0622 
1 .3815 
3.020 
Li2SO, 

77,8*  (2>28) 

1 . 0294 
1 .0568 
1.1420 
1 . 300 


*  ±0.001.  t  ±0.005. 
t  ±0.01. 

LiNOj 


F 

0.05 
0  1 
0.25 
0.5 
1 
2 
3 


»70  (») 

1 .0038 
1  0070 
1  0166 
1  0826 
1  068t 
1.157 
1  271 


F 

726  (5> 

740 

95) 

(93) 

0.1 

1 

053 1 

1 . 049 1 

0.25 

1 

1 36 1 

1 . i2s i 

0.5 

1 

287 1 

1.271 

1 

1 

665 

1.63 

/•’ 


718  1  1 

28 


7  is 


0.05  1.0060  1  0060 


0.2; 

0.5 

1 

2 

3 

4 

5 

6 
9 


01091  0116 
0259  1  0277 

/• 

0° 

in 

18° 

25° 

40° 

60° 

SO’ 

KM)’ 

0503  1  .0534 

0. 1 

11.004* 

1  006* 

1 . 0085 1  1  009  J  1 

010* 

1.012* 

1 

.013* 

1 

013* 

0996  1  1063 

0 . 25 

1 .009* 

1.016* 

1.020st 

1  022 t  1 

026* 

1 .030* 

1 

.031* 

1 

032* 

21  lo  1  223o 

0.5 

1.020* 

1.032* 

1 . 0405 1  1  046  J  1 

053* 

1 .060* 

1 

.062* 

1 

065* 

341  1.358 

1 

1.047* 

1 .071* 

1  084ot  1  .0941  I 

108* 

1.121* 

1 

.  127* 

1 

131* 

492  1.514 

2 

1  .  147 

1  173 

1  192 

1 . 205  1 

229 

1  249 

1 

26 

1 

26 

670  1 . 694 

3 

1 . 282 

1.312 

1 . 329 

1.341  1 

365 

1  39 

1 

40 

1 

40s 

874  1.898 

4 

1.45o 

1.481 

1  198 

1.509  1 

524 

154 

1 

5*5 

1 

.  55  5 

;2 . 730 

.5 

1 . 692 

1 . 7<K) 

1.706  1 

7 1  3 

1  72 

LiC, HO.. 


F 

0.25 

0.5 

1 


7.5  (81) 

1.115 
1 .234 
1.475 


NaOH 

See  also  (102) 

f  718  725 

(57)  (43) 

0.1  1.020  1.023 

1.052  1.055 
1.108  1.110 
1.234  1.236 
1.59 
2.78 
7 . 04 


0.25 
0.5  1 
1 
2 
4 
8 


NaCl  and  Nal :  v. 
next  column 
NaI03  (28) 

F  718 

0.2  1  1.0493 


NaHSO,  (57) 
F 

0.25 
0.5 


1 

2 


718 

1 .056 
1.114 
1  245 
1  550 


NaCl 

18°  (2,  7,  1  2,  22,  28,  S3  ;  ->5  32,  35,  66,  69,  76);  ()’  HO5  1(M) 

S3);  10°,  40° ,  60  (35,  53,  84  ; 


(35, 


±  0.005. 


t  ±0.001. 


t  ±0.002. 


NaCIO 


NaCIO, 


NaBrO 


Values  of  i) 


F 

15°  (79, 

84  | 

25°  (66, 

84, 

43  ’ 

84 

25° 

(66) 

15" 

1  80 

20° (89> 

0.25 

1 

012 

1.021 

1 

01)8 

1 

022 

I  028 

0.5 

1 

028 

1 .041 

1 

01S 

1 

047 

1  057 

1 

1 

067 

1 .086 

1 

10 

1 

044 

1 

101 

1  1  17 

2.5 

1 

24 

1.265 

1 

285 

4.5 

1 

61 

1.625 

1 

64 

NaBr  (84i  except  at  25  6fi 


Values  of  7 


25°  ||  F 

10°  20° 

25° 

40° 

60° 

0. 1 

1.005  1 

1.029  1.054 

1.062* 

1.08 

1.10 

0.25 

1.014  2 

1.108  1.141 

1  .  1.54 

1.18 

1.215 

0.5 

1.029  3.5 

1.29  1.328 

1 .338 

1.365 

1  40s 

*  ±0.003. 


Nal  '84 


IS 

Values  of  rj 

10° 

20° 

30° 

40’ 

50° 

60° 

0.5 

1 . 000 

1.011 

1.017 

1.024 

1.028 

1.033 

1.5 

1 .012 

1.042 

1 . 060 

1.079 

1.092 

1 . 106 

4 

1.193 

1  227 

1.25s 

1.284 

1.312 

1.334 

8 

2.035 

2.03 

2.03 

2.045 

2 . 06 

2  07 

NaN  }.— (Cord'd) 


NaH.PO,  (66 


5 

2 

.874 

F 

7J5 

750 

F 

7*5 

Na.SO 

4 

1.5 

1.135 

1.148 

0.1 

1.040 

F 

710  (84’ 

in 

(2> 

3 

1  358 

1 .385 

0.25 

1 . 102 

92) 

84, 

92, 

5 

1.81 

1 .80 

0.5 

1 .208 

95) 

6 

2.07 

2.03 

1 

1.464 

0.1 

1. 

036 

1. 

040 

NaH;AsO 

,  (66) 

0.25 

1 

096 

1. 

106 

NaNO 

0. 1 

1  040 

0.5 

1. 

217 

1 

227 

F 

*f 

qo 

0.2 

5 

1  104 

0 . 75 

1. 

3(2 

1 

374 

1 

1 

.041 

1.08 

0.5 

1.217 

1 

1. 

56 

2 

1 

125 

1.18 

1 

1  484 

r 

7»o  (84’ 

3 

1 

.24 

1.30 

Na.CO, 

92) 

5 

1 

.  58 

1.62 

Sec  also  (102) 

0.1 

1 .044 

F 

7i«  1 2’ 

7ii 

F 

7n  (57 

1  ,)2i  (<3, 

0.25 

1. 

109 

22,  28, 

(66) 

83) 

83) 

0.5 

1. 

220 

59,  84 

0  1 

1.048  1.048 

0.75 

1. 

36s 

0. 1 

1 

004s  * 

1  005  f 

0  25 

1- 

126  1.130 

1 

1. 

54 

0  25 

1 

.0101* 

1  012f 

0.5 

1. 

27 

1  1.285 

NaN 

.  (* 

*) 

0  5 

1 

. 02 1  a  * 

1 ,025f 

1 

1.660 

F 

Vu 

1 

1 

052 1 ' 

l.062f 

2 

3.04o  2.9s 

1.5 

1  089 

1 

126 

2 

1 

.15 

Na2C2 

0, 

(50) 

3 

1. 

294 

1. 

34s 

3 

1 

27 

F 

7i» 

5 

1 

82 

1 

82 

5 

1 

.60 

0  05 

1.022 

6 

•> 

10 

•  ±0.0005.  t 

±  0.003. 

0.1 

1  046 

Na2C,04  (50) 
Aeetylenedicarbox- 
ylate 

F  I  718 

0.1  I  1  127 

NaHCO:  (66,  81) 
Formate 
0.1  1.018 
0.25  |  1  045 

0.5  1  094 

1  1  202 

NaHCO,  (57) 

F  I  711 

0.25  1.057 

0.5  |  1.118 

1  I  1,253 

NaCjH,0* 

F  7ts  |  725 

I  81  1  6  6 

01  1.035 

0.25  1  091  1.088 

0  5  1  1K4  1.170 

1  1  38a  1  873 


16 


INTERNATIONAL  CRITICajl,  TABLES 


NaC,H3Q3  (50) 

NaC-Hr,03  (66) 

Gly< 

olate 

Salicylate 

F 

7/26 

F 

7/25 

0.1 

1.031 

0.1 

1.041 

0.25 

1 .078 

0  25 

1.102 

0.5 

1 . 155 

0 . 5 

1.210 

1 

1 . 325 

1 

1.468 

NaC  ;EL02  (66,81) 
Propionate 
0  1  1.043 

0.25  1.1 10 

0 .5  1 . 228 

1  |  1 . 504 

NaC,H,.03  (66) 
Lactate 

0.1  1 . 040 

0.25  1 . 103 

0.5  1.216 

1  1.464 

NaCLLOs  (57) 
Acid  tartrate 
F 


25 


*718 

1 . 095 
1.195 


0., 

NaCRl/O,  (66) 
Butyrate 


F 

7/26 

0.1 

1 . 052 

0  25 

1 . 133 

0.5 

1.280 

1 

1.620 

NaC4H702  (66) 

Isobutyrate 

0.1 

1 . 056 

0.25 

1.140 

0.5 

1 . 287 

1 

1.627 

NaC..,H902  (66) 

Isovalerate 

0.1 

1.060 

0.25 

1.153 

0.5 

1.316 

NaC„H„02  (66) 
Isocaproate 


0.1 
0 . 25 
0.5 


1 . 063 
1.166 
1.355 


NaC7H302  (66) 
Benzoate 


0.1 

0.25 

0.5 

1 


1.050 

1.127 

1.264 

1.581 


NaC7H603  (50) 
w-Hydroxvbenzoate 


0.1 

0.25 

0.5 

1 


1.030 
1.086 
1 . 220 
1 . 60S 


NaC7H6Os  (50) 
p-Hydroxybenzoate 
0.1  1.050 


0.25 

0.5 

1 


1 . 129 
1 . 277 
1 . 653 


NaC8H702  (50) 
Phenylacetate 
0.1  I  1 . 056 
0.25  1 . 145 

0 .5  1 . 304 

1  1 . 668 
NaCLLO,  (50) 
o-Toluate 
0.1  I  1.061 
0.25  1  157 

r»-Toluate 


0.1 

0.25 

0.5 

1 


1 . 038 
1  103 
1 . 248 
1.606 


;/-Toluate 


0.1 

0.25 

0.5 

1 


1 . 056 
1.146 
1.308 
1.695 


NaC8H703  (50) 
Phenoxyacetate 


0.1 

0.25 

0.5 

1 


1 . 056 
1.143 
1.294 
1.654 


NaC*H703  (50) 
Anisate 

0.1  I  1.055 


0.25 

0.5 


1.142 
1 . 302 


NaC8H703  (50) 
Phenylglycolate 


0.1 

0.25 

0.5 

1 


1 . 055 
1  143 
1.295 
1.658 


NaC9H702  (50) 
Cinnamate 


0.1 


1  054 


Na.C4H  .O4  (50) 
Fumarate 

F  7)2S 

0.1  1 . 060 

0.25  1.152 

0.5  I  1.307 

Na.C.H.O,  (50) 
Succinate 
0.1  1.068 

0.25  1 . 175 

0.5  |  1.375 

Na2C4H404  (50) 
Isosuccinate 
0.1  j  1.072 

0.25  1.177 

0.5  |  1.373 

Na2C4H406  (50) 
Malate 
1  |  1.062 

1.167 
1.363 

Na2C4H  406 

Tartrate 

t/,8  T725  (50, 

(57)  62) 

1.047  1.055 
1.137  1.146 
1.318  1.322 
1.79o 
Na2C.-,H404  (50) 
Itaconate 


0 

0.25 

0.5 


F 

0.1 

0.25 

0.5 

1 


F 

7/25 

0.1 

1.094 

0.25 

1 . 21 1 

0.5 

1.36s 

Na2C5H.i04  (50) 

Citraconate 

0.1 

1.076 

0.25 

1.191 

0.5 

1.409 

Na2C;,H404  (50) 

Mesaconate 


0.1 

0.25 

0.5 


1.074 

1.187 

1.405 


Na2Cf,Hfi04  (50) 
Pyrotartrate 


Na2C,H,04  (50) 
Terephthalate 
F 

0.1 


0 . 25 


7/25 

1.077 

1.201 


Na,C8H1204  (so, 
Suberate 


0.1 

0.25 


Na2C9H1404 

Azelate 


1 . 105 
1.285 

(50) 


0.1 

0.25 


164 

412 


Na3CLL07  (so) 
Citrate 


0.05 

0.1 

0.25 


1 . 050 
1.102 
1.272 


Na4C„H,O10  (60) 
Benzenepenta- 
carboxylate 


F 

0.005 
0  02 
0.05 
F 
0  05 


vo 

1.03U 

1.074s 

V  50 

1.0753 


7/25 

1.0101 

1.0336 

1.0758 


Na5CnHO10  (60) 
Benzenepenta- 
carboxylate 


NasC,iHO,o. — 

( Cont’d ) 

F  I  TJ0  7;26 

0.005  1.0125 

0.02  j  1.0378 

0.05  1 1 . 085o  1.0879 

F  7)  50 

0.05  1 1.085 7 
NaC2H2C102 
Chloroacetate 
F 


NaC7H|BrO.  (50, 
p-Bromobenzoate 
F 

0.1 


0.1 

0.2 

0.25 

0.5 

1 


V\<> 

(81) 


7/25 

(16) 


035 

071 


1 . 086 
1.174 
1.364 
NaC2CEO,  (81) 
Trichloroacetate 
F 
0.5 


7/15 

1.215 


NaC7H4C102  (50) 
m-Chlorobenzoate 
F 


0.25 

0.5 


»/26 

1  055 
1.141 
1.292 


NaC7H |N04  (50) 
o-Nit  robenzoate 


0.1 

0.25 

0.5 

1 


054 

136 

285 

628 


NaC7HiN04  (66) 
m-Nitrobenzoate 


0.  1 
0.25 
0.5 
1 


1  052 


130 

269 

606 


0.1 

0.25 

0.5 

1 


7/25 

1 . 054 
1.136 
1.282 
1.621 


NaC7H4Br02  (50) 
w-Bromobenzoate 


NaC7H4N04  (50) 
p-Nitrobenzoate 


0.1 

0.25 

0.5 


1.031 

1.089 

1.220 


NaC8H.|N02  (50) 
m-Cyanobenzoate 


0.1  1.053  0.1  1.050 

0.25  1.139  0.25  1.128 

0.5  1.293  0.5  1.269 

Na20.xSi02  (86) 

Viscosity  in  centipoises  at  20°C 

The  solutions  employed  in  determining  the  data  for  the  follow¬ 
ing  table  were  commercial  solutions  of  sodium  silicate.  The  only 
sample  completely  analyzed  was  Na2O.2.06SiO2;  for  this  the 
following  analysis  is  given:  Na20,  18.42%;  Si02,  36.84%;  A1203, 
0.23%;  Fe203,  0.16%;  CaO,  0.14%;  MgO,  0.05%.  The  com¬ 
positions  given  in  the  table  below  refer  to  the  percentages  by 
weight  of  Na20.:rSi02.  For  given  values  of  x  the  original  data 
lie  on  fairly  smooth  curves  which  were  interpolated  to  round 
concentrations.  But  for  a  given  percentage  composition,  particu¬ 
larly  in  the  less  concentrated  solutions,  the  viscosity  data  con¬ 
sidered  as  a  function  of  x  are  q\iite  irregular  and  it  did  not  seem 
practicable  to  smooth  them.  This  effect  may  be  due  to  varying 
amounts  of  impurities  in  the  different  solutions. 


0.5  1.334 

NaCJLO,  (50) 

0.25 

0  5 

1.214 

1  457 

X 

% 

3.90 

3.36 

2.44 

2.06 

1.69 

Hydrocinnamate 

Na2CfiH804  (50) 

3.0 

3.3 

4.2 

3 

3 

0.1 

1 . 065 

Adipate 

5.0 

4.4 

5 . 5 

3.5 

4.5 

3 

0.25 

1 . 165 

0.1 

1.088 

10.0 

6.5 

7.3 

5.2 

7 . 5 

5.5 

0.5 

1.337 

0.25 

1.230 

15.0 

9.0 

9.0 

7.0 

10.0 

7.5 

1 

1 . 773 

0.5 

1.526 

20.0 

12 

12 

9 

12 

10.5 

Na2C3H204  (50) 

Na2C8H404  (SO) 

25.0 

18 

16 

12 

16 

15 

Malonate 

Phthalate 

28.0 

28 

22 

15 

19 

19 

0.1 

1.034 

0.1 

1.085 

30.0 

49 

27 

19 

22 

23 

0.25 

1.107 

0.25 

1.219 

32.0 

180 

37 

24 

27 

29 

0 . 5 

1.252 

0.5 

1  164 

33 . 0 

800 

44 

27 

31 

34 

Na2C |H204  (50) 

Na,C8H,04  (50) 

33 . 60 

7  026 

Maleate 

Isophthalate 

34.0 

55 

30 

35 

39 

0.1 

1.035 

0.1 

1.080 

36.0 

120 

43 

48 

.58 

0.25 

1.109 

0.25 

1 . 208 

38.0 

270 

72 

70 

95 

0.5 

1  270 

0.5 

1 . 457 

39.0 

460 

95 

90 

120 
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Na.O.xSiO  2.  Continued 


X 

% 

2  44 

2  00 

1  69 

1% 

X 

40  0 

130 

120 

150 

50 

.  70 

8  490* 

42  0 

210 

190 

250 

51 

60 

0  list 

44 

400 

310 

430 

52 

36 

22  900* 

40 

900 

550 

750 

55 

.28 

87  0S0t 

47 

750 

1050 

•  I  -  1.69. 

ti  -  2.06. 

Viscosity  at 

25°  (53.5  | 

0 

0.5 

1.0 

2 

.0 

2.5 

0 . 5 

1.22 

1.28 

1.31 

i 

.42 

1  19 

1.0 

1.50 

1  70 

1  SO 

2 

.  18 

2  50 

1.25 

1 .07 

1.93 

2.21 

2 

.81 

3.43 

1.5 

1  .  SO 

2  30 

3 

so 

4  70 

F 

3  0 

3 . 3 

3.8 

3 

95 

4.2 

0 . 5 

1.61 

1 . 08 

1 . 79 

1 

.90 

1.87 

1.0 

3. 19 

3 . 48 

4.87 

5 

.49 

G .  77 

1 . 25 

4.00 

5.42 

9.79 

13 

.4 

1.5 

7  32 

0 . 38 

27  65 

104 

F  = 

1.5 

t. 

°c 

X 

-J 

20 

25 

40 

0.5 

2.35 

2.30 

2.15 

2.0 

3.95 

3.80 

3.33 

3 . 05 

121  6 

103.6 

50.1 

Tlicrc  is  considerable  discrepancy  between  the  values  at  20° 
and  25°,  probably  due  to  the  difference  in  previous  history  of  the 
solutions. 


Na4Si04  (51) 

Na,Cr,0;  (78) 

KOH.- 

-{C  ont’d) 

F 

V30 

F 

»JlS 

F 

77 

!6 

7760 

1 

2 

.89 

0.1 

1 . 020 

(43) 

(24) 

0.25 

1 . 050 

0.1 

1  . 

013 

1  013 

Na.CrO,  (82) 

Na:W04  (51) 

0.25 

1. 

031 

1 . 032 

F 

V\o 

V  1  6 

F 

>730 

0.5 

1  . 

004 

1  005 

(78) 

1 

1.645 

1 

1. 

128 

1.134 

0.1 

1 . 039 

KOH 

2 

1 

208 

1  275 

0 . 25 

1.101 

Sec  also  (i 02 ) 

0.5 

1  . 

24 

1 . 209 

F 

77,,  (57) 

KF 

(72) 

1 

1. 

06 

0.1 

1 .009 

F 

77H 

F 

Via 

7?  30 

0.25 

l  024 

0.2 

1 

.  026s 

0.5 

1. 

25 

1.255 

0.5 

l  050 

0.5 

1 

.  007 4 

1 

1. 

65 

1.645 

1 

1 . 106 

1.0 

1 

,134s 

F 

V*o 

2 

1.230 

1.5 

1 

200 o 

0.5 

I. 

26 

4 

1.541 

3.0 

1 

102 

1 

1.645 

7.5 

2  325 

6.0 

•; 

.083 

KC1 

0°  (91,  97);  15°  (6,  12,  65,  91  );  )S°  (2,  6,  12,  22,  28,  59,  84,  98  ;  05° 
(31,  69,  91,  95);  35  and  45°  (6S-  84 


Values  of  i? 


F 

0° 

15° 

18° 

25° 

35° 

45° 

0.1 

0.9945* 

0 . 997  f 

0.9982* 

0 . 999 t 

i  ooij 

1  (K)3t 

0 . 25 

0 . 9805  * 

0.99 If 

0.9949* 

0.998f 

1.003| 

1  008 1 

0.5 

0.9575* 

0.98 1 

0.9898* 

0 . 997 1 

1  007  J 

1  015  J 

0 . 75 

0.9423* 

0 . 978 t 

0.9849* 

0  996 1 

i  out 

1  023 1 

1.0 

0.9286* 

0  974t 

0.9816* 

0.995t 

1  015* 

l  081} 

1.5 

0  90b  ( 

0.909: 

0.980J 

0.997J 

1  025  § 

1  04s  § 

2.0 

0  89s§ 

0  968 1 

0 . 982  j 

1  002 J 

1  038  § 

1  06s  5 

2.5 

0.89§ 

0  9701 

0  987J 

1  oiot 

1  05§ 

1.08b 5 

KC1.  < 'unt  I  ird 


p 

Values 

0° 

1  15°  | 

18° 

25°  | 

35°  | 

45° 

,  0 

0  885  § 

1  0  975 t 

0  994 1 

1  021 1 

1  Otis  § 

1  105$ 

0 

n  885  § 

0 . 994 1 

i  fur: 

1  050 1 

1  10§ 

1  145$ 

*  ±0.001.  f  ±0.002.  1  ±0.003.  j  0  U1 


KClOi  6S,  79  ;  f,,r  is  72 


Values  of  jj 


15° 

18°  | 

25° 

35° 

45° 

0.  !  1 

0 . 994 

*  |  0  998 t 

0.999*  I  0 

999 

1 

002 1 

0.2 

0 . 990 

*  0  995 t 

0.998*  0 

999* 

1 

004 : 

03 

0 . 9S7 

*  0  992 t 

0.996*  1 

000* 

1 

006 1 

0  5  | 

0  981 

0  985 

*±0.003.  f  ±0.002.  J  ±0.005. 

KBr  (84  , ;  f,ir  O  '  91  ;  for  Is 

(22,  72,  84,  91 

:  fur 

25°  (3 

,  91 

F 

Values  of  17 

0° 

5°  |  10°  | 

18°  |  25’ 

to 

50 

60° 

0 . 25 

1° 

980*  0  992 

0 . 5 

0 

974*  0.984 

1 

0.913 

0.92a  0.94  0 

954*  0.909  1 

.005 

1  02 

1.04 

2 

0  84b 

0875  0.90s 0 

930*  0.959  1 

025 

1  05 

1  .08 

3 

O.8I7 

0.967 

4 . 5 

0 . 87  0 . 90s  0 

952  1.007  1 

10 

1  145 

1  19 

5.5 

1  050 

*  ±0.003. 


KI  for  0°  (<°»  9t);  for  5°,  10°,  40°,  50°,  60  84  ;  for  is  (2,  22,  28, 

84  ;  for  25°  31,  40,  84,  9i 


p 

Valut 

‘S  of  *) 

0° 

5° 

10° 

18°  * 

2 

5° 

40° 

50° 

60° 

0 

1 

0 

982* 

0 

.9908 

0 

993 

0 

25 

0 

9708 

0 

981 

0 

5 

0 

94  0 

0 

947  0 

956 1 

0 

904 

0 

99  0 

1  001 

1  OO  9 

1 

0 

80o 

0 

893 

0 

906  0 

9228 

0 

936 

0 

983 

1 .004 

1  02  0 

2 

0 

7X7 

0 

898 

0 

915 

3 

0 

75  s 

0 

81 

0 

845  0 

892 

0 

910 

0 

989 

1 .035 

1  075 

5 

0 

SO  5 

0 

855 

0 

916 

0 

95 1 

1 

04s 

1  105 

1.16 

7 

0 

SO  5 

0 

91 

0 

978 

1 

03 

1 

149 

1.21 

1  28b 

7 

5 

1 

003 

9 

1 

20 

*  ±0.001. 


KBrOr,  (80  KIO  (28,  72  i] KHSO,  |S7, 


F . 

0.25  110.1 

0.2 

6.3  ,0  25 

0.5 

I7i«.  •  •  . 

0.994 

Vt*  ■  •  ■ 

|  1  01 4 1 

1  0278 

1  042  1  035 

1  071 

K.SO,  (8*.  9  2,;  for  18°  (2.  2  8,  5  7,  84,  92  | ;  for  25°  .95 


Values  of  v 


10°  * 

18°t 

2 

5°* 

30°  * 

40°  * 

50°  * 

0 

05 

1  011 

1 

011 

0 

1 

1 .017 

1.021 

1 

022 

1.023 

1  024 

1 

025 

0 

25 

1  044 

1.051 

1 

054 

1  057 

1  062 

1 

065 

0 

5 

1  087 

1  099s 

1 

109 

1  118 

1  128 

1 

136 

•  ±0.005.  t  ±0.001 

KN,  (11) 


F 

Values  of  *7 

0° 

25“ 

35“ 

50° 

75° 

1 

0  945 

1  006 

1  019 

1.035 

1  053 

3 

0  926 

1  043 

1  075 

I  120 

1.171 

4 

0.939 

1.077 

1  116 

I  172 

1  23t 

6 

1  188 

1.231 

1  297 

1  38a 
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KNOj 


F 

77,0 

ViO 

(8  4) 

(84) 

1 

0.94  s 

1.01 

2 

0 . 94 

1.04 

F 

Vm  (2> 

V2S  (84’ 

22,  28, 

95) 

59,  84) 

0  1 

0.9941 

0 . 995 

0.25 

0.9857 

0 . 989 

0.5 

0.9748 

0.982 

1 

0 . 963 o 

0 . 976 

2 

0.975 

0.999 

F 

VS0 

VS0 

(84) 

(84) 

1 

1.02 

1.035 

2 

1.00 

1.085 

K;;P04  (57) 


F 

Vis 

0.1 

1 . 050 

0.25 

1 . 130 

0.5 

1 . 292 

1 

1.721 

K2HP04  (57) 


0.1 

1.034 

0.25 

1.091 

0.5 

1.201 

1 

1.513 

2 

2.18 

KH2P04  (57) 

0.25 

1.064 

0.5 

1.137 

1 

1.291 

K2C03  (2>  57,  72) 


F 

Vis 

■»726 1 

(43) 

0.1 

1.029* 

1.031 

0.25 

1.073* 

1.078 

0.5 

1 . 152* 

1.165 

1 

1.340* 

2 

1.82 

3 

2.46 

4 

3.34 

*  ±0.003. 

t  ±0.005. 

K2C2Q4  (28 

,  57) 

Oxalate 


F 

Vis 

0.05 

1.0125 

0.1 

1.0235 

0.25 

1.0545 

0.5 

1.110 

1 

1.225 

KHCO,  (57) 

0.25 

1.029 

0.5 

1.059 

1 

1.123 

2 

1.261 

KHC02  (81) 

Formate 


F 

0.5 


Vis 

1  03a 


kc2h3o2 

(2, 

00 

<N 

K2Cr04. 

— ( Coni' d ) 

Acetate 

F 

Vso  (84) 

F 

7718 

1 

1. 

25 

0.1 

1.028 

2 

1. 

54 

0.2 

5 

1 

.064 

K2Cro07 

0.5 

1  125 

r 

7710 

V2.S 

1 

1 . 248 

(82) 

(43) 

2 

1.515 

0.1 

0. 

993 

1.001 

3 

1 

.817 

0 . 25 

0 

986 

1 . 006 

4 

.  172 

F 

7740 

kc:ih.,o2 

(81) 

(82) 

Propionate 

0.1 

1 

008 

F 

7715 

0.25 

1 

024 

0.5 

1.164 

KNaCLLO 

6  (57) 

K2C4H,Oe  (44,  57) 

Tartrate 

Tartrate 

F 

Vis 

F 

•>718 

0.25 

1 

.  108 

0.2 

r) 

1 

.078 

0.5 

1 

.246 

0.5 

1 

.183 

0.75 

1 

,41o 

0.75 

1 

.30 

1.5 

2 

.05 

1.5 

1 

.74 

RbOH  (20) 

KC2CL02 

(81) 

F 

vis 

Tric.hloroacetate 

0.1 

1 

.009 

F 

Vis 

0.25 

1 

.023 

0.5 

1 

.  164 

0.5 

1 

.048 

KC,H2C10  (81) 

1 

1 

.103 

Chloroacetate 

RbCl 

0.5 

1 

.  106 

F 

Vi 

* 

Vis* 

KCNS 

(76) 

(76) 

F 

Vis  (72) 

0 . 25 

0 . 975 

0.982 

0.1 

0.997 

0.5 

0 . 955 

0.967 

0.25 

0 

.989 

1 

0 . 923 

0.941 

0.5 

0 

.977 

F 

Vis  (72? 

$ 

Vis 

1 

0.960 

76) 

(76,95) 

2 

0.950 

0.25 

0 . 990 f 

0 . 995 

5 

1 

.036 

0.5 

0 . 980 f 

0.990 

F 

VlS  (") 

1 

0 . 965f 

0.983 

1 

0.970 

2 

0.943 

F 

VTS  (") 

*  ±0.003.  t  ±0.002. 

1 

1 

.020 

RbBr  (1 

4) 

K3Fe(CN)6 

F 

VIS 

V3S 

F 

Vi 

6  (65) 

0.1 

0. 

995 

0.999 

0.1 

0.988 

0.25 

0. 

989 

0.998 

0.25 

0.990 

0.5 

0. 

979 

0.997 

F 

Vis 

Vis  (65> 

F 

V4S 

(65) 

95) 

0.1 

1. 

001 

0.1 

1.007* 

1.016* 

0.25 

1. 

004 

0.25 

1.0 

22* 

1.044* 

0.5 

1. 

015 

0.5 

1.062* 

1.098* 

Rbl  (23) 

*  ±0.003. 

F 

Vis 

K4Fe(CN)6 

0.25 

0.978 

0.1 

1. 

035 

1.045 

0.5 

0.957 

0 . 25 

1. 

091 

1.113 

1 

0.921 

0.5 

1. 

202 

1.236 

2 

0 

.877 

K2CrO 

4 

3 

0 

.873 

F 

Vio 

VIS  (72? 

3.5 

0 

.883 

(84) 

78) 

Rb2SO, 

:  v. 

next 

0.1 

1 . 105 

column 

0.25 

1 . 038 

CsCl 

0.5 

1 . 078 

F 

Vis 

Vis  (39> 

1 

1. 

13 

1.174 

(72) 

95) 

2 

1. 

35 

1.425 

0.25 

0.9S6* 

0.992 

F 

V30 

V*o 

0.5 

0.973* 

0.985 

(84) 

(84) 

1 

0.952* 

0 . 975 

1 

1. 

20 

1.23 

2 

0 . 927 

2 

1.47 

1.51 

*  ±0.002. 

Rb2SO.t  (93) 


Values  of  v 

10° 

20° 

30° 

40° 

50° 

0 

1 

1 . 005 

l.Oll 

1.017 

1.021 

1.027 

0 

25 

1.016 

1.03 

1.043 

1.053 

1.067 

0 

5 

1 . 04o 

1.07 

1.09o 

1.  105 

1.129 

1 

0 

1.  113 

1  15 

1  19 

1.21 

1.25 

CSjSO.!  (93) 


Values  of  v 

10° 

20° 

30° 

40° 

50° 

0.1 

1 . 008 

1.012 

1.016 

1.020 

1 . 026 

0.25 

1.022 

1.031 

1.040 

1 . 050 

1.061 

0.5 

1.047 

1.067 

1.082 

1.099 

1.117 

1.0 

1.105 

1.145 

1 . 17o 

1.197 

1.23 

CsNOj  (55) 


j? 

Values  of  ?j 

0° 

10° 

18° 

25° 

0.025 

0.9960 

0 . 9973 

0 . 9984 

0 . 9986 

0.05 

0 . 9902 

0 . 9938 

0.9961 

0.9971 

0.1 

0.9796 

0.9870 

0.9910 

0.9932 

0.2 

0.9612 

0.9742 

0 . 9808 

0.9853 

0.3 

0 . 9445 

0.9618 

0.9715 

0 . 9784 

0.4 

0.9288 

0.9510 

0.9632 

0 . 9723 

0.5 

0.9413 

0 . 9559 

0 . 9668 

0.6 

0 . 9324 

0 . 9494 

0.9621 

0.7 

0.9239 

0 . 9434 

0.9579 

0.8 

0.9377 

0 . 9540 

AQUEOUS  SOLUTIONS  CONTAINING  TWO  STRONG 
ELECTROLYTES 

S-Table;  Standard  Arrangement  (t>.  Vol.  Ill,  p.  viii) 


A 

B 

t,  °c 

Lit. 

HC1 . 

CdCl2 

25 

(43) 

HgCl2 

25 

(43,  101) 

CuCl2 

25 

(10!) 

FeCl3 

25 

(43) 

CoCl2 

25 

( 1 0 1 ) ;  cf  •  (103) 

NaCl 

25 

(69) 

KC1 

25 

(69) 

h2so4 . 

hno3 

10 

(3) 

20 

(3) 

40 

(3) 

K2Cr207 

25 

(45) 

HN03 . 

Ba(N03)2 

25 

(45) 

nh4no3 . 

nh4ci 

25 

(43) 

Pb(N03)2 

25 

(45) 

Ba(N03)2 

25 

(43) 

NaN03 

25 

(43) 

kno3 

25 

(45) 

nh4ci . 

FeCl3 

25 

(43) 

BaCl2 

25 

(43) 

NaCl 

15 

(12) 

20 

(12) 

KC1 

15 

(12) 

20 

(12) 

25 

(43) 

(NH4)2S04 . 

CuS04 

25 

(43) 

MnS04 

25 

(43) 

A12(S04)3 

25 

(43) 

k2so4 

25 

(43) 

VISCOSITY— AQUEOUS  SOLUTIONS:  STRONG  ELECTROLYTES 


2>-Table. — ( Continued ) 


A 

B 

t,  °C 

Lit. 

Pb(N0,)2 . 1 

NaNO, 

25 

(43) 

KNO, 

25 

(43) 

CuClj . 

MgCl, 

25 

(101) 

LiCl 

25 

(101) 

NaCl 

25 

(101) 

KC1 

25 

(101) 

CuS04 . 

MnS04 

25 

(43) 

Na2S()4 

25 

(43) 

k2so4 

25 

(43) 

MnS04 . 

Na2SG4 

25 

(43) 

k2so4 

25 

(43) 

CoClj . 

MgCl, 

25 

(101) 

LiCl 

25 

(101) 

NaCl 

25 

(101) 

KC1 

25 

(101) 

A1s(S04)3 . 

Na2S04 

25 

(43) 

k2so4 

25 

(43) 

MgCl2 . 

NaNOj 

20 

(59) 

Mg(NOj)* . 

NaCl 

20 

(59) 

KNO, 

20 

(59) 

CaClj . 

NaCl 

20 

(59) 

NaNOj 

20 

(59) 

Ca(NO,)2 . 

NaNO, 

20 

(59) 

SrCl2 . 

NaCl 

20 

(59) 

KNO, 

20 

(59) 

Sr(NO,)» . 

NaNO, 

20 

(59) 

25 

(43) 

KC1 

20 

(59) 

KNO, 

20 

(59) 

25 

(43) 

BaCI, . 

Ba(NO«)j 

25 

(43) 

NaCl 

15 

(12) 

20 

(12,  59) 

25 

(43) 

KC1 

25 

(43) 

Ba(N0*)» . 

NaNO, 

25 

(43) 

KNO, 

25 

(43) 

NaOH . 

KOH 

25 

(43) 

NaCl . 

NaNO, 

25 

(43) 

KC1 

15 

(12) 

20 

(12) 

25 

(43,  69,  85) 

Nal . 

KI 

25 

(85) 

Na2S04 . 

k2so4 

25 

(43) 

NaNOj . 

KNO, 

25 

(43) 

Na2COj . 

K2CO, 

25 

(43) 

NajSiOs . 

Na2W04 

30 

(51) 

KC1 . 

KNO, 

25 

,43 

K2S04 

K2Cr20r 

25 

(4») 

AQUEOUS  SOLUTIONS  CONTAINING  THREE  OR  MORE 
STRONG  ELECTROLYTES  _ 


Lit- 

HC1  +  NaCl  +  KC1 . 

25“ 

,69) 

MgClt  +  CaCl,  +  SrCl,  +  NaNO, 

20 

i*9) 

MgCl«  +  Sr(NO,),  +  Ba(NO,),. . 

20 

(59) 

Mg(NO,)t  +  Ca(NO,)i  +  NaCl 

20 

(••) 

Mg  (NO,),  +  Sr(NO,),  +  KC1  +  KNO, 

20 

(4S) 

Mg(NO,),  +  SrCT,  +  NaCl  +  KNO, 

|  20 

(®9) 

For  solutions  containing  NH«OH  and  various  salts,  (4’  5’  43 
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INTERNATIONAL  CRITICAL  TABLES 


VISCOSITY  or  AQUEOUS  SOLUTIONS  OF  WEAK  ELECTROLYTES  AND  OF  ALL  ORGANIC 

ACIDS  AND  BASES 

M.  P.  Applebey 

E  =  Gram-formula-weight,  77  =  Viscosity,  77,  —  Viscosity  relative  to  water  at  the  same  temperature.  * 


Weak  Bases 

NIL  I  Ft  1  1  1  |  2  |  4  |  6  ]  8  |  Lit. 

25°  |  77/77,  ±  0.5G  1  1.020;  1  040,  1.0S1|  1 .  12l|  1  169|  (3) 

Amines 


Values  of  77/77,,,  ±  0 . 005  at  25°  C  (24) 


E/1 

0.125 

0.25 

0.5 

1 .0 

NHs  (for  comparison) . 

1 . 003 

1  006 

1.0105 

1.0245 

CHjNH2 . 

1 .017 

1.034 

1.082 

1.155 

(CIL)2NH . 

1.030 

1  063 

1.144 

1.304 

(CTDsN . 

1.068 

1.143 

1  299 

1.684 

(CH3)4NOH . 

1  035 

1 . 072 

1.146 

1  316 

CJLN,  Pyridine  (4,  14,  15,  19,  21,  26) 


Values  of  77/77,  +  0.3%  at  0  and  25°;  ±1%  at  18°;  ±  >1  %  at 


higher  temperatures.  Maxima  at  63%  for  0°  and  66%  for  25° 


\  Wt.% 
<,°C 

20 

40 

60 

80 

100 

0 

1.790 

2 . 560 

3.120 

2.410 

0 . 745 

18 

1 . 580 

2 . 375 

2 . 570 

2 . 155 

0 . 925 

25 

1 . 530 

2 . 065 

2.475 

2.140 

0.995 

55 

1.39 

1.74 

2.02 

1.96 

1.18 

77 

1.25 

1.55 

1.82 

1.83 

1.35 

100 

1.20 

1.43 

1.69 

1.83 

1.41 

Amino  Acids  (22) 


Values  of  77/77,0  +  >0.002 


Formula 

Name 

\  F/\ 
t,°C\ 

0.25 

0 

.5 

1 

.0 

2.0 

CH2NH2COOII 

Cilycocoll 

18 

1. 

070 

1. 

153 

1.362 

40 

1 . 

074 

1 

165 

CH3CH(NH2)COOH 

Alanine 

18 

1.059 

1. 

133 

1 

310 

40 

1. 

127 

1 

281 

C6H6CH2CH(NH)2- 

Phenyl- 

COOII 

alanine 

18 

8.31  g/1. 

V 

/vw  = 

1.027. 

Monocarboxylic  Acids 

C02,  Carbon  Dioxide  (30) 


77/77,  for  the  saturated  solution  at  20°  =  1.007. 

HCO2H,  Formic  Acid  (2>  s,  n>  17,  *s,  27,  31,  36,  38  ) 
Values  of  7 ;  in  millipoisesf 


1°  C 

^Wt.  % 

20 

40 

60 

80 

90 

100 

15 

12 

75 

13 

90 

15 

60 

17 

95 

19 

20 

19.85 

20 

11 

.10 

12 

50 

14 

10 

16 

10 

17 

10 

17.90 

25 

10 

.10 

11 

30 

12 

85 

14 

65 

15 

55 

16.05 

35 

8 

25 

9 

35 

10 

70 

12 

20 

12 

95 

13.35 

45 

6 

90 

7 

85 

9 

05 

10 

30 

10 

85 

11.25 

55 

5 

85 

6 

70 

7 

75 

8 

CO 

O 

9 

30 

9.60 

65 

5 

10 

5 

70 

6 

75 

7 

70 

75 

4 

45 

5 

15 

5 

95 

6 

80 

85 

3 

90 

4 

55 

5 

25 

6 

05 

E/1 

0.1 

1 

0. 

25 

I 

0.5 

1 

1 

0 

|  Lit. 

77/77,, 

25° . 

1 

.004  | 

1.009 

1  1 

.017  | 

1  031 

1  (31) 

*  All  interconversions  bet  ween  77  and  have  been  baaed  upon  the  values 
for  water  given  on  p.  10. 

+  9-  «7  1  %  at  25°;  >  1  %  at  higher  temperatures. 


CH3C02H,  Acetic  Acid  (2.  32,  34,  40) 

Values  of  77  in  millipoises,  ±0.5%  for  low,  and  ±  (2-3)  %  for  high 
concentrations  and  temperatures 


\  Wt. 

\% 
t,  °c 

10 

20 

30 

40 

50 

60 

70 

75 

90 

100 

15 

13.60 

16.30 

19.10 

21.60:24.75 

27.65,30.20  31.05 

26.80  13.50 

20 

12.10 

14.15 

16.35 

18.70 

21.35 

2.3.90  26.40 

26.95 

23.10  12.65 

25 

10.65 

12.50 

14.50 

16.55 

18.70 

20.85 

22.90 

23.65 

20.50  11.55 

30 

9.55 

11.10 

12.90 

14.75 

16.60 

18.50  20.40 

20.95 

18.40  10.65 

35 

8.55 

10.00 

11.50 

13.15 

14.80 

16.50  18.15 

18.55 

16.55 

9.90 

40 

7.80 

9.05 

10.40 

11.80 

13.25 

14.70  16.20 

16.60 

14.90 

9.25 

45 

7.10 

8.20 

9.40 

10.60 

11.85 

13.20 

14.45 

14.85 

13.45 

8.65 

50 

6.50 

7.45 

8.55 

9.65 

10.80 

11.90 

13.05 

13.40 

12.25 

8.10 

55 

6.00 

6.80 

7.75 

8.80 

9.85 

10.80 

11.95 

12.15 

11.25 

7.60 

60 

5.50 

6.25 

7.10 

8.00 

9.00 

9.95 

10.90 

11.05 

10.30 

7.00 

65 

5.05 

5.75 

6.55 

7.35 

8.20 

9.00 

10.10 

6.75 

75 

4.40 

4.95 

5.60 

6.30 

7.00 

7.65 

8.55 

6.05 

85 

3.85 

4.35 

4.90 

5.45 

6.05 

6.60 

7.40 

5.45 

95 

3.40 

3.85 

4.30 

4.75 

5.30 

5.75 

6.40 

4.90 

77/77,0,  25°  =  [1  +  0.1104  E/1  +  0.00208  (E/1)2]  ±  0.002  1  up  to 
77/77,,  18°  =  [1  +  0.1169  E/1  +  0.0013  (E/1)2]  ±  >0.002  /  3 N. 


ClCH2C02H,  Monochloroacetic  Acid  (7) 


/’/[ . 

0.1 

0.25 

0.5  ll.O  |2.0  |3.0  |3.84  | 

77/17,,  25° . 

1.018 

1.045 

1 . 088|  1.161  1  330!  1 . 536  1 . 717|  +0 . 002 

Cl2CHC02H,  Dichloroacetic  Acid  (24) 


F/ 1 . 

0.1 

0.25 

0.5 

1 .0 

77/77,,  25° . 

1.024 

1 .064 

1 . 131 

1.265 

+  0.005 

Cl3CC02H,  Trichloroacetic  Acid  (6) 

77/77,,  25°  =  (1  +  0.355n)  ±  0.002,  up  to  n  =  1-,  normal. 


CH3CHClCCl2C02H,  Trichlorobutyric  Acid  (6) 
77/77,,  25°  =  (1  +  0.435n)  +  0.002  up  to  n  =  0.2 N. 


CH3CH2C02H,  Propionic  Acid 


F/\ . 

0.1 

0.25  0.5 

1.0 

1.5 

2.0 

f  18° 

1.019 

1.048  1.096 

1.191 

1.291 

1.392) 

_ 1 

(31, 

V/Vw  |  250 

1.019 

1 .048|  1.098 

1.098 

1.310 

1.430/ 

± U . UUZ  ( 

1 

40) 

77  in  millipoises  ( ±2%  at  20°) 


Wt. 

\  % 

t,  °c  x 

10 

30 

50 

70 

90 

100 

Lit. 

20 

12.95 

18.65 

24.0 

28.05 

26.4 

11.2 

(38) 

40 

8.6 

11.9 

15.5 

9.0 

(37) 

60 

6.2 

8.4 

10.35 

7.35 

(37) 

C4Hs02,  Butyric  Acid 


PA . , . 

0.1 

0.25  I  0 . 5 

1.0 

(31,  40) 

O  /  Tl~ . 

1  025 

1  063  1.131 

1.280 

±0.002 

r,/r,w’2°  \iso- . 

1.026 

1.066  1.129 

1.273 

+  0.003 

CH3CH2CH2C02H,  r-Butyric  Acid 
77  in  millipoises,  ±  several  %,  max.  at  ca.  72%  for  20° 


-V/t .  % 
t,°  C  \ 

10 

30 

50 

75 

1 

100 

Lit. 

20 

13.6 

22.3  I 

31.3 

36.0 

16.0 

(37,  38) 

40 

8.5 

13.3  1 

17.9 

11.8 

(31) 

60 

6.3 

9.0 

12.0 

9.1 

(37) 

VISCOSITY— AQUEOUS  SOLUTIONS:  WEaK  ELECTROLYTES 
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(CHi)iCHCOjH,  Isobdtyric  Acid 
v/' he  ±  0.5%  f1 6) 


"\Wt.  % 

10 

20 

30 

40 

.50 

60 

100 

20 

25 

1.340 
1 . 320 

1 . 76.5 

1 . 725 

Two 

liquid  phases 

3.225 

1.30.5 

1.35.5 

30 

1.685 

2.210 

2 . 720 

2.990 

3.120 

1.400 

35 

1 . 660 

2.130 

2 . 590 

2.890 

3.030 

1.44.5 

40 

1  625 

2.065 

2  180 

2  7 NO 

2  945 

1.485 

CH3CH(OII)COjH,  Lactic  Acid  (10>  3>) 


iFA . 

0.1 

0 . 25 

0.5 

1 .0 

77/77,0,  2.5°,  ±0.003 

1 . 0255 

1 . 0585 

1.119 

1 . 250 

Wt.  % . 

10 

30  |  50  I  70 

100 

77/77,0,  25°,  ±0.1% 

1.270 

2  020  3 

67  7.2 

45.3 

(CH»)2CHCHsCO,H,  Isovaleric  Acid  (31) 
v/t)*,  25°  =  (1  +  0.300h )  ±  0.003;  up  to  n  =  0.25V. 


CsH6CH(OH)COjH  d~,  Z-,  or  cZZ-M.wuelic  Acid  (13) 


Wt.  % . 

2  4  6 

8 

10 

v/v*,  25° . 

1  047  1.106  1.171 

1  240 

1.315  1  ±0.002 

Dicarboxylic  Acids 
HO2CCO2II,  Oxalic  Acid 


F/\ . 

0.1  |  0.25  0  .5  1  0 

v/v»,  18°.  •  • 

1.018  1.045  1  090  1.200 

±0.003 

IF/. 1 


H02CCH2CII2C02I1,  Succinic  Acid  (23) 


f  18° 

0.1 

1.010 

0 . 25 
1.026 

0.5 

1 .052 

1 .0 

1 . 109  \ 

±0.005  \ 

\  25° 

1.012 

1 .029 

1 .058 

1.117  j 

±0.002  / 

(28,  33) 


H02CCH(0H)CH(0H)C02H,  Tartaric  Acid  (28) 


F/\ . 

0.1 

0 . 25  |  0.5 

1.0 

1.5 

7)/t)u,,  18° . 

1.029 

1.072  1.153 

1  400 

1  712  ±  0  004 

At  25°,  77/17,0  for  a  13.04  Wt.  %  solution  -  1.401  for  the  d-  and 
1.388  for  the  dZ-acid  0  3). 


H0,CCH(CH;,)CH2C02H,  Meth ylsuccinic  Acid  (33) 


\F/ 1 . 

77/7710  25° . 


I  0.1 

0.25 

0  5 

1.0145 

1 . 037  ' 

1 .078 

±0.002 


CHj  :C(C02H)CH2C02II,  Itacovic  Acid  (33) 

77/77,,,  25°  =  (1  +  0.143n)  ±  0.001  up  to  n  =  0.34Ar, _ 

HO,CCH(OCOCH,)CH(OCOCH3)CO*H.  D  i  acet  y  lt  art  a  kic 


Acid  (8) 

\F/ 1  . 1  0.1  0.25  0.5  1.0 

n/ifr,  25° .  1.026  1  067  1.142  1 .308  ±0  003 


Sulfonic  Acids  and  Phenol 

CHiC*II«SOiH,  p-Toluenesudfonic  Acid  (6) 


tj  /t)»,  25°  =  (1  +  0.435n)  ±  0.02  up  Inn  »  O.2.Y. 

(CHj),C»H(NH2)SO,H,  Tkimktii ylsuleanilic  Acid  (25) 
vfv*,  25  =  (1  +  0.0148  X  Wt.  %)  up  to  2%,  arid. 

C«II»OH,  Phenol 

F/kfr  soln . .1  o7l  0.25  j  0~5  I  <2°) 

77/77.,  18° . i  1.019  |  1.049  1.101  ±0.004 


77/77.  ±  0.5%  up  to  HO';  less  accurate  above  NO  1  >>  ,6>  35 


\Wt.  % 

10 

20  j  35 

- 1 - 

50  1  65 

80 

100 

0 

0 

1 . 195 

.  I  3  065 

6  39 

60 

1 . 185 

1  wo  liquid  p 

nases  0  ocr 
1 .  S;>.) 

5  64 

67.5 

1.175 

1.475  2  135 

2.560  2  745 

3 . 275 

5.16 

75 

1.170 

1  455  1.945 

2.365  2  640 

3.160 

1  78 

80 

1  170 

1.420  1.880 

2.285  2.575 

3  085 

4  59 

85 

1.165 

1.400  1.855 

2  200  2  550 

3  010 

90 

1  385 

2  180 

95 

1  355l 

2.125| 

SYSTEMS  WITH  TWO  SOLUTES 

Water — acetic  acid — toluene  (41). 

Water — methyl  or  ethyl  alcohol — picric  acid  1 19-1). 

Water— methyl  or  ethyl  alcohol — aniline  A9-1  . 

Water — methyl  or  ethyl  alcohol — toluidinc  19-M. 

Water — methyl  or  ethyl  alcohol — piperidine  19-1). 

LITERATURE 

(For  key  to  the  periodical*  see  end  of  volume) 

(l)  Bingham  and  White,  1,  33:  1 12.37 ;  11.  (2)  Bingham,  White,  Thomas  and 

Caldwell,  7,  83:  641;  13.  (*)  Blanchard  and  Pu  .34:  88;  1-’  '*) 

Bramley,  4.  109:  10,  434;  16.  (5)  Davis  and  Jones,  1,  37:  lltM;  15.  (•) 

Dawson  and  Crann,  4.  109:  1262:  16.  (7)  Dawson  and  Reiman,  4.  107: 

1426;  15.  (8)  Deakin  and  Rivcti,  4.  101:  127;  12.  (•  Dunstan,  .,.85:817; 

04. 

(10)  Dunstan,  4,  87:  11;  05.  (ll)  Dunstan  and  Mussell,  4.  07:  1935:  10.  (12) 
Dunstan  and  Thole,  4.  05:  1556;  09  (,3)  Dunstan  and  Thole,  4.  07 :  1249; 

10.  (14)  Dunstan,  Thole  and  Hunt,  4i  01:  1728;  07  (l5)  Faust,  7,  79: 

97;  12.  (16)  Friedlander,  7,  38:  385;  01.  (17)  Garner,  Saxton  and  Parker, 

11,  46:  236;  11.  (18)  Gartenmeiater,  7,  6:  524;  90.  (*•)  Ghosh,  4.  117: 

1390;  20.  (l9,! )  Goldschmidt  and  Aarfiot,  7,  122  :  371:  26. 

(20)  Grumbach,  6,  24:  472;  12.  (2l  )  Hartley,  Thomas  and  Applcboy,  4.  93: 

538;  08  (**  Hedeetrand,  8  124 s  153  82 

132:  41;  23.  (24)  Kanitz,  7,  22:  336;  97.  (25>  Katayama  and  Yamada, 

4/,  41:  193;  20.  (28)  Matthews  and  Cooke,  60,  18:  559;  ll  (27)  Merry 

and  Turner,  f,  105:  748;  14.  (*•  S  (*•)  N  tack,  8, 

28:  666;  86. 

(30)  Ostwald,  Zool.  Jahrb. 18;  1;  03.  (*»)  Reyfaer,  7,  2  744  88 

and  Sidgwick,  4,  97:  732;  10  (**)  Rivett  and  Sidgwick,  4.  07:  1677.  10. 

(34)  Rudorf,  7.  43  :  257;  03  (38)  Scarpa,  4^.  2:  447;  04  (38)  Thorpe  and 

Rodger,  fie,  185;  397;  94  (37>  Traube,  t6,  19:  871;  86  (38)  Taakalotos, 

.54,  146:  1146;  08.  (3B)  Wijkander,  8  Beibl  .3:8;  79. 

(40)  Wilsdon  and  Sidgwick,  4.  103:  1959;  13.  (4*  Woodman,  ‘0,  30:  1283;  2G 


VISCOSITY  OF  AQUEOUS  SOLUTIONS  OF  NON-ELECTROLYTES 


Guy  Barr 


CONTENTS  Page 

Systems  containing  hut  one  solute . 

Systems  containing  two  solutes  . 

Systems  containing  two  solutes,  one  an  electrolyte  and  the 

other  a  non-electrolvte .  * 

Cellulose  in  cuprammonium  solutions  . 

ABBREVIATIONS 
F  =  Gram-formula-weight 
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V/Vit  =  Viscosity  (dative  to  water  at  the  same  temperature.* 

*  All  intercon  version*  between  ,  and have  been  baaed  upon  the  value.  lor 

water  given  on  p  10. 


INTRODUCTION 

Throughout  this  section  where  a  table  is  given  under  the  name  of 
one  author  only,  it  may  be  assumed,  unless  the  contrary  is  stated: 

1.  That  a  viscometer  of  the  Ostwald  type  was  used  for  the  deter¬ 
minations,  no  mention  having  been  made  by  the  experimenter  of 
a  test  for  the  compliance  of  his  instrument  with  Poiseuille  s  law, 
and  no  kinetic  energy  correction  having  been  applied  to  the  results. 
The  abbreviation  (K.  E.)  indicates  that  a  kinetic  energy  correction 
has  been  applied. 

2.  That  the  mixtures  were  made  up  hv  weight  without  reduc¬ 
tion  ad  raruurn. 

In  the  majority  of  cases  the  purity  of  the  solute  is  of  prim* 
importance  in  determining  the  viscosity  of  the  solutions;  mcltin| 
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points,  boiling  points,  etc.,  lire  therefore  quoted  where  such  details 
are  given.  The  viscosities  tabulated  for  the  pure  liquid  non- 
eioct  rolytes  may  be  found  to  differ  from  the  I.  C.  T.  values  for  the 
pure  liquids,  but  it  is  not  possible,  in  general,  to  adjust  the 
tables  to  remove  the  discrepancy. 


Systems  Containing  But  One  Solute 

<L- Arrangement  ( v .  Vol.  Ill,  p.  viii) 

CH3NO,  Formamide,  HCONH2 
■t]  in  millipoiscs  (41>  30>  44) 

Wt.  % . |  0.0  |  20.0  I  40  |  60  |  80  1  100 

mh.  .  . . |  8.9  1  10  0  |  11.6  I  14.6  1  20.7  |  32.7 


CH4O,  Methyl  Alcohol,  CH3OH 


(B.  P.,  64.9°C);  q  in  millipoises  (K.  E.)  (5) 


t,  °c 
wt. 

25 

35 

45 

55 

21 .41 

14.23 

10.89 

8.58 

7.02 

47.36 

15.6i 

11.99 

9.47 

7.74 

71.61 

11.89 

9.57 

7.80 

6.52 

100  00 

5.48 

4.76 

4.17 

3.71 

Specially  Dried  Alcohol 


Wt.  % 

1J16-  •  •  • 


F/l . 

T)h u,  20° 


Wt.  % 
*?26-  ■  •  • 


7]  in  millipoises  (42) 


|84 . 86| 88 . 79|91 . 9Q|95 . 35|97 . 52|98 . 77|99 . 24|  100 . 0 
|11.20|10.03|  8.98|  7.88  7.14|  6.76|  6.57|  6.34 


CH4N20,  Urea,  CO(NH2)2  (33) 

|  0.25  |  0.5  |  1.0  |  2.0  |  4.0  |  8.0 

|  1.010  |  1,022  |  1,039  |  1,088  |  1.215  |  1.655 


(M.  P.,  132°C);  q  in  millipoises  (11) 

.  .  .  |l  ,02|8 . 13|11 .89|15 ,47j23 .12,33 ,28|38 . 13|46 . 18 
.  ,|8. 99|9.43l  9 . 73|  10 ,40|l0  93|l2 . 57|13 .54]l5 . 68 


C2HCl30,  Chloral,  Cl3CCHO 

Solutions  up  to  50M  %  made  from  the  hydrate  (d4°  =  1.6193);  above 
50 M  %  from  chloral  (B.  P.,  97.0-97.2°C),  (dj*  =  1.5049)  (27) 


Mole  %  C2HC130 


q  in  millipoises 


50° 


60° 


70° 


85° 


90° 


0.0 

5.49 

4.70 

4.07 

3.36 

3.17 

2.0 

5.95 

4.20 

5.0 

10.33 

8.41 

6.87 

5.50 

4.75 

10.0 

17.35 

13.97 

10.80 

8.41 

7.39 

15.0 

26.77 

20.97 

16.25 

II.80 

10.27 

20.0 

41.65 

31  .Oo 

22.84 

16.17 

13.65 

25.0 

6O.O0 

43.58 

30.04 

20.34 

16.97 

30.0 

87.7o 

57.79 

37.62 

23.96 

19.67 

35.0 

113.86 

72.39 

45.39 

27.06 

21.77 

40.0 

143.57 

85.74 

50.8o 

28.52 

22.56 

42.5 

156.07 

90.50 

51.6s 

29.02 

22.35 

45.0 

164.06 

91 .72 

51.5i 

28.43 

21 .44 

46.5 

170.98 

90.91 

50.65 

27.47 

21.05 

47  5 

174.21 

90.17 

50.27 

26.59 

20.6i 

49.0 

172.99 

88.19 

48.66 

25.5s 

50.0 

167.55 

86.82 

47.86 

24.8i 

19.6i 

55.0 

141.04 

75.79 

40.72 

21 ,7o 

60.0 

114.17 

60.45 

34.04 

18.79 

70.0 

57.07 

34.07 

21.6o 

13. li 

80.0 

26.87 

18.52 

13.57 

9.04 

90.0 

14.5o 

11.55 

9.73 

6.56 

100.0 

8.71 

7.82 

6.79 

5.58 

5.24 

C2H6NO,  Acetamide,  CH3CONH2 
M.  P.,  82°C;  q  in  millipoises  (J1) 


Wt.  %.. 

.1  0 

0.78 

5.82  | 

17.69  | 

25.95  | 

37.21  | 

69.26 

. 

•  |  8.95  | 

|  8.94  1 

9.95  | 

12.38  | 

14.65 

18.83  | 

44.62 

C2H5NO. — ( Continued ) 
Values  of  q/qw  (43) 


\rc 
F/l \ 

5 

10 

15 

20 

25 

30 

35 

40 

0.1 

1.089 

0 . 957 

0.982 

0.99e 

1  OOo 

1  00i 

0  985 

0.988 

0.25 

I.I61 

0.985 

1.02o 

1.013 

1.045 

1  .017 

1 .012 

1 .001 

0.5 

1.179 

1  .053 

1  02s 

1.027 

1 .063 

1  044 

1 .025 

1 .052 

0.75 

1 .293 

1 .095 

I.O81 

1.069 

1.074 

1 .092 

1 .043 

1  065 

1.0 

1 .344 

1.133 

1.133 

1 .103 

1  126 

1.157 

1.128 

1  085 

C2H60,  Ethyl  Alcohol,  C2H6OH  (5>  12) 


Values  of  77  in  millipoises  ±0.2%  between  20  and  60°C.  Solutions 
near  7jmal.  majr  be  used  for  calibration  of  viscometers  if  evaporation 
is  avoided. 


~\i,  °C 
Wt.  %^ 

0 

10 

20 

25 

30 

40 

50 

60 

70 

10 

32 .  Is 

21 . 62 

15.48 

13.28 

11.53 

8.96 

7.256.02 

5  09 

20 

52.75 

32.35 

21.68 

18.0s 

15.39 

11.44 

8.967.28 

6.06 

30 

69.0 

40.95 

26 . 7o 

22.03 

18.49 

13.53 

10.38 

8.26 

6.77 

40 

71.5 

43.55 

28.67 

23.74 

19. 9i 

14.55 

11.16 

8.87 

7.24 

45 

70.1 

43.1 

28.67 

23.87 

20.07 

14.78 

11.38 

9.02 

7.36 

50 

66.25 

41.74 

28.32 

23.68 

20.01 

14.7s 

11.36 

9.04 

7.39 

60 

57.15 

37.87 

26.42 

22.32 

19.06 

14.26 

11.09 

8.87 

7.27 

70 

47.2 

32.68 

23.69 

20.25 

17.44 

13.28 

10.44 

8.41 

6.96 

80 

36 . 4s 

26 . 63 

19.98 

17.38 

15.19 

II.81 

9.50 

7.78 

6.48 

90 

26.94 

20.48 

16. Oi 

14.22 

12.70 

10.22 

8.35  6.95 

5.89 

100 

17.76 

14.80 

12.21 

11.01 

9.97 

8.24 

6.95  5.90 

5.06 

C2H602,  Glycol,  (IiOCH2)2 
(djj6  =  1.1110);  q  in  millipoises  (10) 


Wt.  % 

7?25 

I  wt.  % 

Vts 

1  wt.  % 

V2b 

0.00 

8.95 

45.13 

28.7s 

69.52 

62 . 54 

14.11 

12.64 

49.55 

32.13 

75.64 

92.42 

33.11 

16.2s 

60.84 

45.08 

100.00 

180.9 

C3H60,  Allyl  Alcohol,  CH2:CHCH2OH 
(do6  =  0.8500);  q  in  millipoises  (10) 


Wt.  %.... 

. ...  0.00|14.06[25.9Si33.70|35.53|36.53|45.21|  46.88 

V2b . 

...|  S.95|13.55|l6.89ll7.97|18.42|l8.54|18.96|  19.03 

Wt.  %.... 

. . . .  |47 . 3 1|47 . 82|48 . 56|56 . 63|65 . 00|69 . 56|83 . 20|  100  00 

*125 . 

.  .  .  1 18 . 95|  18 . 99|  19 . 00|  18 . 99  18 . 04|  17 . 58|  15 . 44|  12  37 

C3H60,  Acetone,  (CH3)2CO 
(B.  P.,  56.1°C);  77  in  millipoises  (K.  E.)  (3>  31) 


Wt.  % . |  0.0  1 12. 2  1 14 . 4  |23 .6  |24.7  |  30.3  |40.7 

7726 . 1  8  95|11 . 39|  1 1 ,82|13 . 15|l3 ,24|  13.60]l3.43 

Wt.  % . 1 50. 6  161.2  [70.9  [80.4  |89.9  |10o7o  | 

t;26 . jl2. 30110. 25|  8 . 10|  6.061  4.37|  3.17| 

Wt.  %...  . |  0.0  1  0.41]  0.661  1 ,8l|  3.29!  9TI2  16.76 

7720 . 1 10 . 09[  1 0 . 18|  10 . 26|  10 . 57|  10 . 95|  12  55|13  70 


77  in  millipoises  +  ca.  0.5%;  Vol.  %  at  18-20°C  (7>  22) 


. .  1,  °C 

Vol.  — 

«  t 

1 

15 

25 

35 

45 

0 

17.94*! 

11.45 

8.95 

7.21 

5.97 

12.5 

14.45 

10.90 

8.55 

6.96 

25 

29.6* 

17.20 

12.76 

9.81 

7.83 

37.5 

is  13 

13.68 

10.37 

8.26 

50 

30.6* 

17.88 

13.35 

10.26 

8.18 

62.5 

15.29 

11.82 

9.13 

7.38 

75 

17.2* 

11 .26 

8.94 

7.26 

6.02 

100 

4.1*  1 

3.24* 

*  Values  marked  with  *  are  from  (22). 
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CJItNO,  Propionamide,  CjHjOOMIa 


(M.  P.,  80-81  °C);  r 

in  millipoises  0  • ) 

Wt.  %.... 

.  .  0.00  1.24  5 

.65  11  71  22  18  41 

48  70  65 

mo . 

,|  8.95  9.23  10 

30!  11  9:t  15.4.-I  30 

l.(  «<)  Ur, 

CjIRO,  /(-'Propyl 

Alcohol,  C3H7OH 

(B.  P„  97.7°C) ;  y 

in  millipoises  (12) 

Wt 

t.  °C 

•  "  0.00  17  40  ' 

28.62  59.38  73  13 

100  00 

20 

10. 0a  20.23 

25.65  31  69  29.58 

I  21 .95 

25 

8.95  17.04 

21.27  26  64  25. 2o 

19.44 

30 

8. On  14.45 

18.1s  23.14  21  7e 

1  17.42 

C3H80j,  Glycerol,  CjHi(OH)., 

V 

in  millipoises  (K.  E.); 

values  of  d  in  raeiu>  (t 

d20 

a20 

mo  d\l 

v*o  11  d\:  1 

mo 

1 . 0000 

10.09  1  1.1848 

235.4  ||  1.2240  | 

1108 

1.1014 

37.34  1.2057 

153.6  1.2155 

49(5.7  1.24(53 

4093 

1  1(399 

747.8  1  2568 

8717 

?!  relative  to  that  of  99.5  %  glycerol  at  25°C  (39  ;  commercial 

samples  of 

double-distilled  glycc 

rol  diluted  to  (/“  =  1. 

252  may, 

however,  differ  in  77  by  as  much  as  8%  (2>  2S). 

dj* . 

.  1  2539  1  252(3  1  2520  1.251011.2500  1.2480 

1 0  77  r“  . .. 

. 10.87  |l0.00  9.(51  S  .99  8.40 

|7 .30 

d\b . 

. I  1  2460  1  .2440  1 .2420  1  .2400  1  2370  1  .2340 

10  77  r  J5  .  .  . 

. |  6.35  5.5 

2  |4.84  |4 .26  3.57 

|3 .00 

C4H9XO,  n-BuTYRAMIDE,  CjHjCONHj 
(M.  P.,  116°C);  y  in  millipoises  (1J) 

Wt.  % . I  0.00  |  T02  i  tTYl  |  1(3. 88  17  92 

yti. ........  .  fil)5  ,  9  10  |  11.27  |  14  (34  1.3  IS 


C.HcO*,  Hydroquinol,  p-CJLCOH)^  (28) 


Wt.  % 

V/V  U'3*  :  Wt.  '<  »7  1)tr3l)  Wt.  7J  7J„J8  Wt.  'c 

V  tyirSS 

0  10 

1.171  j 

0.75  |  1 .172  ||  2.00  |  1 .234 

4.00 

1 .275 

0.25 

1.161 

1  .00  |  1 .206  ||  3.00  |  1  271 

5.00 

1  295 

0  50 

1  167 

Scarpa  viscometer,  t  =  2(|fi  it  1 

+  M 

CeHeOj,  Pyrocatechol,  o-CtH4(OH). 

(z8) 

Wt.  %  1  y/ywn 

Wt.  95  y/y*in  1 1  Wt.  ■  '  W  t . 

0.10 

1 . 132 

0.75  |  1.132  ||  2.00  1  .259 

1 4.00 

1 .263 

0.25 

1.113 

1.00  |  1  .204  II  3.00  I  1  .238 

1 5.00 

1 .251 

0.50 

1.126 

Scarpa  viscometer,  t  2 Of?  (0 

+ tj) 

CjIIijOe,  Dextrose 


Wt.  % 

in  vacuo 

V 

in  millipoises  (37) 

25° 

30° 

35° 

40° 

45° 

50° 

9.67 

11.7o 

10.38 

9.24 

8.34 

7.52 

6. 89 

18.60 

15  ge 

13. 9i 

12.27 

10.89 

9.7e 

8.84 

27.08 

22  3 1 

19.4a 

17  00 

15  03 

13.3o 

11.93 

34  94 

33.3 

28.8o 

24.73 

21.04 

18.9s 

16  9o 

42.33 

52 . 4 

44.0 

37.4 

32.2 

27  80 

21 ,3s 

49  33 

88.2 

72.2 

60  2 

50.9 

42.8 

36  9 

y/v-  (43) 


F/\  5° 

10° 

15° 

20° 

25°  |  30° 

35 

40° 

0.1  1.212 

1  . 024 

1  04s 

1  027 

1  047  1 . 0  4  9 1 

1  .013 

1  . 02o 

0.25  '  1.36.7 

1  21o 

1  .  197 

1.186 

1.198  1.199 

1 .169 

1  167 

0.5  '  1.45o 

1  .329 

1 .266 

1  289 

1.324  1294 

1  237 

1  .  188 

0  75  1  . 739 

1  . 526 

1 .476 

1  .447 

1.447  1.464 

1.411 

1.414 

1  0  !  1 .889 

1  637 

1 .61 1 

1  62 1 

1 .588  1.597! 

1  .528 

1  . 6 1 4 

Shelton  («  giveeii  foi 
nets  Refining  Company  and  for  mixtui 


pure  dextrose: 


C  «II ,  ;Ot. — (C  nntinued 


Solution 

( rj  in  poises) 

Tit 

.  Original 

syrup  -j- 

dex  t  rose .  . 

1  470 

ltf 5000 

.  Original 

svrup  + 

dextrose. . 

1  447 

14000 

.  Original 

syrup 

1  436 

•)000 

.  Original 

syrup  -1- 

H,0. 

1  420 

7(U 

.  Original 

syrup  + 

HjO . 

1  379 

36  6 

.  Original 

syrup  + 

HO 

1  331 

3  7 

c.11,,0., 

Balactose;  y  in  millipoises 

38  ) 

Wt. 

.  0 

00  1.15  2  30  4  60 

9 .12  | 

18.24 

. |  8 

95  9.22  9  50  10  (Hi 

11 .48 

15.64 

Honey  (<l )• 

C/II^Oo, 

Levttlose;  n  in  millipoises  ( 

37  ) 

t,  °C 

JN't 

</C'i  0.00 

9.58  18.49  26  96  34  81 

42.18 

49  07 

20 

10.09 

13.06  17.63  24.44  36  Oe  56.2s 

95  6 

25 

8  95 

11  4o  15.3.7  21.04  30  3 

46 . 7 

77  2 

30 

8.00 

10. lo!  13.52  18.37  25  9 

7  39  l 

63  5 

35 

7  21 

9  08  11  8s  16  1 5  22.45  33  25 

52  8 

CiiHj»Oi 

,  Lactose;  y  in  millipoises  i 

38 

Wt. 

C7 

f'O  •  •  •  | 

0.00  1  28  2.78  I  5  80  11.66 

17  (Hi 

23  38 

Vlb  ■  . 

8.95  9  28  9.72  10  61  12  97 

15  91 

21  21 

C  12H21O11 

Maltose;  y  in  millipoises  (38- 

Wt. 

Cf 

/O  •  •  • 

. |  0.00  I  1.16  |  2.32  ,  4  77 

9  60 

19.40 

1  8 

95  9  31  9  66  10  35 

12  26 

18.12 

. 

Ci*H**On,  Sucrose 

>7  in  millipoises  (K.  E.  1.  Wt.  %  ,,,  vacuj>;  solutions  suitable  for 
standardization  of  viscometers  4 


20 


40 


(50 


40 


(50 


0 

38 

18 

148 

2 

50 

9 

74 

25 

(Mi 

111) 

6 

5 

31 

66  116 

0 

55 

S 

87 

22 

27 

1 17 

1 

10 

26 

62 

98 

30 

1139 

60 

8 

11 

19 

89 

98 

7 

15 

22 

75 

74 

96 

749 

65 

7 

45 

17 

85 

S3 

7 

20 

19 

67 

62 

23 

567 

70 

6 

88 

Hi 

14 

71 

s 

25 

17 

10 

52 

06 

440 

2 

75 

6 

37 

1  I 

67 

62 

2 

30 

15 

10 

43 

98 

340 

i 

80 

5 

92 

13 

39 

54 

*> 

35 

13 

36 

37 

76 

266 

2 

85 

5 

52 

12 

26 

47 

5 

40 

11 

97 

32 

61 

213 

0 

90 

» 

27 

41 

7 

45 

10 

74 

28 

58 

172 

4 

95 

10 

41 

37 

3 

Supersatu rated  solutions:  1;  in  poises  ±2%  (K.  E. )  (35). 

(The  non-sucrose  present  in  crude  beet-sugar  is  equivalent,  on 
the  average,  to  ca.  0.97  of  its  weight  of  sucrose  in  solutions  of  the 
concentrations  below.  But  a  solution  of  a  crude  sugar  (90% 
purity)  gave  a  viscosity  only  0.8  of  that  of  a  pure  sucrose  solution 
of  the  same  density,  1.314  at  19°C1. 


Wt.  % 

mo 

1710  i  \\  t.  r o 

mo 

7JI0 

60 

0.57 

0.34  70 

4  47 

1  97 

65 

135 

0.78  75 

•i 

Ci.H*Oi..5HtO,  Rafkinose 

(0.1  formal  soln.  had  specific  conductance  of  <2  X  10~*  mhos  at 
25°C):  fused  quartz  viscometer  (K.  E.);  F  j  1  in  vnew>  ( 46) 


0.00*C  jj  25  00°C  1  50  00°c 


F 

1  at  0° 

?  1 

F 

1  at  25° 

F 

1  at  50° 

0 

038083 

1 

.06284 

0 

037973 

1  05602 

0 

037615 

1 .0472.1 

0 

0586.32 

1 

10129 

0 

058466  ( 

1 . 08809 

0 

057925 

1  07780 

0 

102676 

1 

. 18881 

0 

102297 

1  16262 

0 

129787 

1  19272 

0 

131202 

1 

25233 

0 

130727 

1  21713 

0 

174336 

1  27057 

0. 

176625 

l 

3604 S 

0 

175818 

1 .31230 

21 
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Systems  Containing  Two  Solutes 
<L- Arrangement  ( v .  Yol.  Ill,  p.  viii) 

CIIjOII  +  C,H»OH,  Methyl  and  Ethyl  Alcohols 
77  in  millipoises  (K.  E.)  (5) 


2CIL0.3H2G  \  .  j 

C!H.0.31I!o)'oI"“CS"  t 

0 

25 

50 

75 

100 

100 

75 

50 

25 

0 

23  5 

21 . 1 

18.8 

16.8 

14.7 

17.2 

15.6 

14.1 

12.8 

11.1 

13  0 

12.0 

11  .0 

10.1 

9.2 

765 . 

10.2 

9.4 

8.8 

8.2 

7.5 

Mixture  of  1  volume  water  w 

ith  20  volumes 

of  a  m 

ixture  of  equal 

volumes  of  methyl  and  ethyl 

alcoho 

s;  77  in 

millipoises  (K. 

E.)  (5) 

f,  °C . |  25 

35 

1  45 

|  51 

7,  ...  9.89  | 

7  97 

I 

6.73 

r 

.66 

C2H6OH  +  C3II5  (OH)  3,  Ethyl  Alcohol  and  Glycerol 
N  =  IF  of  glycerol  per  1  of  solution  (34) 


Liquid 

77/77.,  20° 

Water . 

1 

50  %  alcohol . 

2.807 

N  Glycerol  in  water . 

1 .275 

N  Glycerol  in  50%  alcohol . 

3.400 

N  Glycerol  in  absolute  alcohol . 

1  .770 

C2H5OH  +  C4TL0O,  Ethyl  Alcohol  and  Ether 
1715  (26);  vzs  (20) 


C2II5OH  +  Ci2H220ii,  Ethyl  Alcohol  and  Sucrose 
77  in  millipoises  (37) 


In  20  Wt.  % 
alcohol 

In 

50  Wt. 

%  alcohol 

Wt.  %  sucrose . 

0  |  20  | 

1  0 

10 

20 

30 

*726  . 

16.2  |  29.5 

|  23.2 

30.3 

45.9 

77.0 

Dextrose  +  Acetamide 

(43) 

Sucrose  +  Dextrose  or  Levulose 

77  in  millipoises  (37) 

%  sucrose. . . 

|  20 

|  20  |  20 

|  20 

1  10 

5 

0 

%  dextrose . . 

■  1  0 

|  5  |  10 

|  20 

|  20 

20 

20 

772s . 

,|  16.8 

|  21.0  |  26.5 

|  47.5 

1  26.0 

20.1 

16  8 

%  sucrose . . . 

,|  20 

|  20  |  20 

|  20 

1  10 

5 

0 

%  levulose .  . 

•  1  0 

|  5  |  10 

|  20 

|  20 

20 

20 

*726  . 

,|  16.8 

|  21.4  |  26.2 

|  45.2 

|  25.3 

19.8 

16.2 

Mixture  containing  8.2  Wt.  %  each  of  sucrose,  dextrose  and 
levulose  had  7725  =  19.4. 


Systems  Containing  Two  Solutes,  One  an  Electrolyte  and  the 
Other  a  Non-Electrolyte 
Alphabetical  arrangement  by  non-electrolyte 
Acetone  +  Ca(N03)2  (21) 

Acetone  +  CsCl  (9) 

Acetone  +  CsN03  (9) 

Acetone  +  IvCNS  (23) 

Acetone  +  LiBr  (22) 

Acetone  4-  RbCl,  RbBr,  RrI  or  RbN03  (7) 
Dextrose  +  IICl,  KOH,  or  Tartaric  Acid  (43) 

Ether  +  H2S04  (36) 

Ethyl  Alcohol  +  Ca(N03)2  (32) 

Ethyl  Alcohol  +  CsCl  or  CsN03  (9) 

Ethyl  Alcohol  +  HCl  or  HBr  (16.5) 

Ethyl  Alcohol  +  KI  (l 9»  47) 

Ethyl  Alcohol  +  KCNS  (23) 

Ethyl  Alcohol  +  LiBr  (22) 

Ethyl  Alcohol  +  NaI  (I6.5,  47) 

Ethyl  Alcohol  +  NH4Br  (18) 


Ethyl  Alcohol  +  NH.J  (8>  13) 
Glycerol  +  CoCl2  (40) 
Glycerol  +  CsCl  or  CsN03  (e) 
Glycerol  +  CuS04  (29) 
Glycerol  +  KCl  (18) 
Glycerol  -f-  KI  (40) 

Glycerol  +  LiBr  (40) 
Glycerol  +  NaN03  (18) 
Glycerol  +  RbBr  (8) 
Glycerol  +  RbI  (18) 

Glycerol  +  SrCl2  (18) 

Methyl  Alcohol  +  CsCl  or  CsNOs  (9) 
Methyl  Alcohol  +  KCNS  (23) 
Methyl  Alcohol  +  LiBr  (22) 


Methyl  Alcohol  +  HCl,  HBr  or  NaI  (16-5) 
Sucrose  +  LiCl;  77  in  millipoises  (K.  E.)  (17) 


Mole  ratio,  LiCl/Ci2H220n  = 

0 

0.05 

0.50 

5.0 

Sucrose,  F / 1,  25°C 

7726 

7725 

*725 

7726 

0.2 

10.71 

10.74 

10.92 

12.50 

0.4 

13.  OS 

13.12 

13.60 

18.27 

0.6 

16.37 

Iti  51 

17.40 

28.46 

0.8 

21.05 

21.28 

22.93 

48.71 

1.0 

27.84 

28.22 

31.23 

95.8 

1.2 

38.07 

38.71 

44.10 

231.7 

1.4 

54.0 

55.2 

65.3 

778 

1.6 

79.9 

82.1 

102.6 

1.8 

124.8 

130.0 

172.7 

2.0 

218 

280 

310 

Urea  +  IICl,  KCl  or  NaOH  (44) 


Cellulose  in  Cuprammonium  Solutions 

77  at  20°C  of  solutions  of  20  g  of  cellulose  in  1  1  cuprammonium 
hydroxide  solution  containing  13  g  copper  and  200  g  ammonia 
per  1  may  vary  between  28  000  poises  (by  extrapolation)  and 
0.4  poise  according  to  the  extent  of  degradation  (Joyner)  (24). 
The  sliver  used  in  Joyner’s  work  gave  7720  =  5000  poises  after 
boiling  with  water. 

The  Research  Department,  Woolwich  (48)  quotes  figures  of  216 
poises  for  sliver  and  74  poises  for  wood  cellulose  at  20°C,  using  a 
solution  containing  11  ±  0.2  g  Cu,  205  ±  2  g  ammonia,  and  20  g 
cellulose  per  liter. 

Both  the  above  workers  confirm  the  conclusion  of  Gibson, 
Spencer  and  McCall  (16)  as  to  the  rapid  lowering  of  77  on  exposure 
to  light  or  air. 

Farrow  and  Neale  (13)  find  that  a  carefully  bleached  cotton  cloth 
should  give  7720  =  10  to  300  poises  when  dissolved  to  a  2  %  solution 
in  cuprammonium  solution  containing  15  g  Cu  and  240  g  ammonia 
per  liter. 

Effect  of  Cu  Concentration 


Two  per  cent  cellulose  solutions;  77  in  poises 

Cu  g/1 . |  10|ll.5|  13|  1 5|  18  24|29 . 4 

NHs,  210  gA  (24) 

7720 . |266|  163|l29|10l|81|58|53.5 

Cu  g/1 . |  9.5  |  10.4  |  10.9  |  117 

NHj,  205  gA  (48) 

7720 . |  150  I  137  |  130  |  121 

Effect  of  Concentration  of  Ammonia. — Joyner  (24)  finds  that  with 
any  concentration  of  copper  and  with  either  1  %  or  2  %  solutions 
of  various  celluloses,  increase  of  ammonia  by  10  g/1  decreases 
logio  77  by  0.047. 

Effect  of  Concentration  of  Cellulose. — Joyner  states  that  for  his 
solution  log  77  =  aC,  where  C  =  volume  concentration  and  a  is  a 
constant  for  a  given  cellulose.  Farrow  and  Neale  (13),  using 
severely  kiered  sliver  in  their  cuprammonium  solution,  find  that 
the  equation  (1  +  A/C)  logio  77/77*  =  B  represents  the  results 
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morn  accurately,  A  and  B  hoin«  constants,  ami  v.  tin  viscosity  ,.f 
the  solvent  =  0.015  poise. 
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FLUIDITY  OF  NON-AQUEOUS  SOLUTIONS 

Eugene  C.  Bingham 


Contents 

The  A-eomponent  key-formula 
does  not  begin  with  10. 

Two-component  systems. 

Three-component  systems. 
The  A-eomponent  has  key- 
formula  beginning  with  1(5. 

Two-component  systems. 

Three-component  systems. 

Introduction 

When  the  relation  between 
specific  volume  and  volume 
concentration  is  a  linear  one, 
the  fluidity  is  normally  a  linear 
function  of  the  volume  con¬ 
centration.  Most  of  the  liter¬ 
ature  from  which  the  fluidity 
data  arc  taken  contains  the 
corresponding  density  values, 
but  these  have  not  been  repro¬ 
duced  here  since  such  data  are 
very  fully  given  in  another 
volume  (v.  Vol.  Ill,  p.  130). 
The  accuracy  is  very  difficult  to 
estimate.  Where  data  of  differ¬ 
ent  observers  are  available  the 
agreement  is  in  many  cases  not 
good.  Differences  of  several  per 
cent  are  not  uncommon. 


Ajihueviations,  Symbols  and 
U  NITS 

rji  Viscosity  in  poises  at 

t,  °C 

vi  =  Fluiditv  in  rlies 
Vi 

(reciprocal  poises),  nt 

t,  °C 


Matches 

La  formula  eld  du  constituant 
A  ne  commence  pas  par  16. 

Systdmes  i\  deux  constituants. 

Systdmes  a  trois  constituants. 
Le  constituant  A  possede  une 
fonnule  cld  cornmengant 
par  16. 

Systdmes  i\  deux  constitu¬ 
ants. 

Systdmes  i\  trois  constituants. 

Introduction 

Lorsque  la  relation  entre  le 
volume  spdcifique  et  la  con¬ 
centration  en  volume  est  lind- 
aire,  la  fluiditd  est  normalement 
une  fonction  lindaire  de  la 
concentration  en  volume.  La 
plupart  des  mdmoires  dont  ont 
dtd  extraites  les  donndes  de 
fluiditd  contiennent  les  valeurs 
des  densitds  rorrespondant.es, 
mais  celles-ei  n’ont  pas  dtd 
reproduites  iei  car  de  tel  les 
valeurs  ont  ddja  dtd  donndes 
d’unc  fagon  compldte  dans  une 
autre  volume  (v.  Vol.  Ill,  p. 
130).  II  est  trds  difficile  d’esti- 
mer  la  prdeision.  Lorsque  les 
donndes  d’obscrvateurs  diffd- 
rents  sont  disponiblcs  on  con¬ 
state  que  l'aceord  est  mauvais 
dans  bien  des  cas.  Des  dif- 
fdre rices  de  plusieurs  poureent 
ne  sont  pas  rarcs. 

Abb£\TATION8,  RVNfBOI.ES  ET 
UNITES 

tj,  N'iscositd  en  poises  k 

t,  °C 

ifi,  =  1  I-'luiditd  en  rhes 
Vi 

(poises  rdciproques)  k 

t,  °C 


Inhaltsverzeichnis 
Die  Schliisselformel  der  A-Kom- 
ponente  beginnt  nieht  mit 
16. 

Zweikomponenten  Systeme. 

DreikomfKinenten  Systeme. 
Die  A-Komponente  hat  cine 
mit  10  beginnende  Sehliis- 
selformel. 

Zweikomponenten  Systeme. 

Dreikoni|x>nenten  Systeme. 

Einleituno 

Wenn  die  Beziehung  zwisehen 
dem  spezifischen  Volumen  und 
der  Yolumkonzentration  linear 
ist,  so  ist  gewohnlich  die  Fluidi- 
tiit  cine  lineare  Funktion  der 
Yolumkonzentration.  Yiele 
der  Literaturstellen  denen 
Daten  liber  die  Fluiditat  ent- 
nommen  worden  sind,  enthal- 
ten  die  entspreehenden  Dichten, 
welche  aber  in  diesem  Abschnitt 
nieht  angegeben  warden,  da  sic 
sehr  vollstiindig  in  einem 
anderen  Band  ( xirhe  Bd.  Ill, 
S.  130)  vorgefunden  warden 
kiinnen.  Es  ist  sehr  srhwer 
die  Genauigkeit  nbzuschatzen. 
Wo  Daten  verschiedcner  Beo- 
bachter  vorhanden  sind,  ist 
in  sehr  vielen  Fallen  die  Uber- 
einstimnmng  nieht  gut.  Dif- 
ferenzen  von  mehreren  I’rozen- 
ten  sind  nieht  ungewohnlich. 

AbkCrzunoen,  Zeichen  und 

Einheiten 

tii  \’isco8itiit  in  Poise, 

boi  I,  °C 

Vi  =  *  Fluiditiit  in  rhes  (in 
Vi 

reziproken  Poise),  l>ei 

I,  °C 


Indicf.  pA0, 

La  formula  chiave  del 
coni|Minente  A  non 
comincia  eon  10 
Sisteini  a  due  compo- 

nenti .  26 

Sisteini  a  tre  eomponenti  30 
Componente  A  ha  una 
fonnula  chiave  cho 
comincia  con  16. 

Sisteini  a  due  compo- 

nenti .  31 

Sisteini  a  tre  eomponenti  51 

Introduzione 

Quando  il  volume  specifieo 
varia  lineannente  con  la  con¬ 
cent  razione  in  volume,  la  fluidity 
e  di  regola  una  funzione  lineare 
di  questa.  La  maggior  parte 
della  letteratura  da  11a  quale 
sono  stati  Iratti  i  dati  di  fluidity 
contiene  anche  i  corrispondenti 
valori  di  densitA;  questi  per6 
non  sono  stati  riprodotti  qui 
perchA  es8i  sono  stati  riuniti  in 
un  altro  volume  (t>.  Vol.  Ill, 
p.  130).  f)  molto  difficile  valu- 
tare  la  precisione  dei  dati.  La 
concordnnza  fra  i  valori  di 
osservatori  diversi  in  molti  casi 
non  A  buona.  Vi  sono  spessn 
differenze  di  alcuni  percent i. 


Abhreviazioni,  bimboli  i 
unitA 

Vi  WiscositA  in  poises  a 
t,  °G 

Vi  *■  *  FluiditA  in  rhes 

VI 

(poises  reciproci)  a 

I,  *C 


26 


INTERNATIONAL  CRITICAL  TABLES 


Abbreviations. —  ( Continued ) 


g  B/l 

( irams 

of  B  in 

ono 

liter  of 

mixture 

M  B/l 

Moles 

of  B  in 

one 

liter  of 

mixture 

M 

B/l  A 

Moles 

of  B  in 

one 

liter  of 

A 

M 

B/kg 

Moles 

of  B  in 

one 

kilograi 

n  of  mixture 

ft  B 

kg  A 

Grams 

of  B  in 

ono 

kilograi 

n  of  A 

Wt. 

%  B 

Grams 

B  in  100 

g  of 

mixture 

M 

%  B 

Moles  B  in  100  moles 

of  mixt' 

ure 

Vrol. 

%  B 

Volume 

of  B  in 

100 

volume; 

s  of  mixture 

Arrangement 
The  following  tables  are 
divided  into  two  sections  as 
shown  above  in  the  table  of 
contents.  Section  I  is  an  2\-S 
Table  and  follows  the  Standard 
Arrangement  (v.  Vol.  Ill,  p. 
viii).  Section  II  is  a  (T-Table 
and  follows  the  <L -arrangement. 


AbrIdviations. — {Suite) 
g  B/l  Grammes  de  B  par 
litre  de  melange 
M  B/l  Mol.  gr.  de  B  par 
litre  de  mdlange 
M  B/l  A  Mol.  gr.  de  B  par 
litre  de  A 

M  B/kg  Mol.  gr.  de  B  par  kilo¬ 
gramme  de  melange 
g  B/kg  A  Grammes  de  B  par 
kg  de  A 

Wt.  %  B  Grammes  de  B  dans 
100  g  de  melange 

M  %  B  Mol.  gr.  de  B  pour 
100  mol.  gr.  du  me¬ 
lange 

Vol.  %  B  Volume  de  B  dans 
100  volumes  du 
melange 

Arrangement 

Les  tables  suivantcs  sont 
divisdes  en  deux  sections,  ainsi 
qu’il  est  montre  ci-dessus  dans  la 
table  des  matieres.  La  Section 
I  est  une  Table  et  elle  suit 
l’arrangement  type  ( v .  Vol.  Ill, 
p.  viii).  La  Section  II  est  une 
Table  <L  et  elle  suit  l’arrange- 
ment  <L. 


Abkurzungen. — •( Forisetzung ) 
g  B/l  Gramme  von  B  in 
1  Liter  der  Mischung 
M  B/l  Mole  von  B  in  1  Liter 
der  Mischung 

M  B/l  A  Mole  von  B  in  1  Liter 
von  A 

M  B/kg  Mole  von  Bin  1  Ivilo- 
gramm  der  Mischung 
g  B/kg  A  Gramme  von  B  in  1 
Kilogramm  von  A 
Wt.  %  B  Gramme  von  B  in 
100  g  der  Mischung 
M  %  B  Mole  von  B  in  100 
Molen  der  Mischung 

Vol.  %  B  Volumen  von  B  in 
100  Volumteilen  der 
Mischung 

Anordnung 

Die  folgenden  Tabellen  sind 
in  zwei  Abschnitte,  entsprech- 
end  dem  obigen  Inhaltsver- 
zeichnis,  geteilt.  Abschnitt  I  ist 
eine  A-3J  Tafel  und  folgt  der 
Standardanordnung  ( siehe  Bd. 
Ill,  S.  viii).  Abschnitt  II  ist 
eine  (T-Tafel  und  folgt  der 
<L-  Anordnung. 


Ab  b  revi  azioni  —  ( C  ont . ) 
g  B/l  Grammi  di  B  in  un 
litro  di  miscuglio 
M  B/l  Molecole  di  B  in  un 
litro  di  miscuglio 
M  B/l  A  Molecole  di  B  in  un 
litro  di  A 

M  B/kg  Molecole  di  B  in  un 
chilo  di  miscuglio 
g  B/kg  A  Grammi  di  B  in  un 
chilo  di  A 

Wt.  %  B  Grammi  di  B  in  100 
g  di  miscuglio 

M  %  B  Molecole  di  B  in  1 00 
di  miscuglio 

Vol.  %  B  Volume  di  B  in  100 
di  miscuglio 

Ordinamento 

Le  tabelle  seguenti  sono  divise 
in  due  sezioni,  come  si  h  visto 
sopra,  nell’indice.  La  Sezione 
I  e  una  Tabella  A- IS  e  segue 
1’ordinamento  standard  (v.  Vol. 
Ill,  p.  viii).  La  Sezione  II  4 
una  Tabella  <L  e  segue  l'ordma- 
mento  (L. 


THE  A-COMPONENT  KEY-FORMULA  DOES  NOT  BEGIN 

WITH  16 

Table,  Standard  Arrangement  ( v .  Vol.  Ill,  p.  viii) 
Two-Component  Systems 


h2so4 

B  =  HNOj  (is) 


w 

t. 

Vol. 

<£>10 

<f  20 

<£>40 

% 

B 

% 

B 

0 

00 

0 

00 

3 

00 

4 

50 

7 

90 

12 

50 

14 

76 

1 

55 

2 

55 

5 

45 

25 

00 

28 

77 

1 

80 

2 

85 

6 

30 

37 

50 

42 

11 

2 

60 

3 

70 

8 

35 

50 

00 

58 

40 

5 

40 

8 

25 

15 

05 

62 

50 

66 

89 

7 

75 

11 

55 

20 

10 

75 

00 

00 

c- 

45 

29 

25 

37 

90 

59 

20 

87 

50 

89 

46 

41 

40 

52 

35 

75 

80 

100 

00 

100 

00 

96 

40 

113 

9 

147 

1 

NH.3 

B  =  NH<Br  (48) 

M  B/l 

¥>-33.6 

0.334 

329.8 

0.644 

300.9 

1.10 

255.3 

1.89 

185.8 

4.07 

68.46 

B  =  Cu(N03)2.4NH,  (48) 

0.105 

347.2 

0.226 

313.4 

0 . 362 

287.7 

0.618 

235 . 5 

1.32 

127.2 

B  =  Agl  (48) 

0  202 

355 . 9 

0 . 359 

335  6 

B  =  Agl. — ( Continued ) 


M  B/l 

V5— 33-5 

0.846 

284.8 

1.98 

195.9 

3.38 

108.6 

7.26 

10.12 

B  =  AgN03  (48) 

0.162 

349.2 

0.276 

329.6 

0  592 

282.7 

B  =  NaNO,  (48) 

0.056 

367.1 

0.107 

363.1 

0.145 

359.7 

0.182 

356.1 

0.246 

347.4 

0.310 

341.3 

0.420 

328.5 

0.528 

314.7 

0.900 

275.7 

1.53 

224.0 

3.30 

113.8 

B  =  KI  (48) 

0.066 

372.8 

0.110 

366.3 

0.187 

355 . 8 

0.321 

348.3 

0 . 545 

319.2 

1.17 

254.3 

B  =  KI. — ( Continued ) 


M  B/l 
2.01 
4.31 
0.5 
1.0 
2.5 


¥>-33-6 

189.7 
69.17 
48.06 
40.40 
23 . 43 


*  At  pressure  of  saturated  vapor. 


Bi 

B  =  BiCl3  (3) 


M  %  A 

<£>260 

¥>270 

¥>280 

0.0 

3.12 

3.39 

3.70 

9.3 

2.44 

2.70 

2.98 

18.6 

2.13 

M  %  A 

¥>  290 

¥>300 

SP  310 

0.0 

4.00 

4.35 

4.65 

9.3 

3.28 

3.51 

3.85 

18.6 

2.35 

2.63 

2.90 

30.2 

1.64 

1.84 

M  %  A 

<£>320 

¥>330 

<£>340 

0.00 

4.88 

5.26 

5.56 

9.3 

4.08 

4.26 

4.54 

18.6 

3.12 

3.33 

3.51 

30.2 

2.02 

2.22 

3.51 

40.2 

1.14 

1  29 

Cl2 

B  =  CCL  (98) 


Wt. 

%  B 

¥>26 

* 

97 

24 

124 

8 

98 

18 

120 

3 

98 

.92 

117 

3 

100 

.0 

112 

6 

*  At  pressure  of  saturated  vapor. 


HCl 

B  =  CH(0,  Methyl  alcohol 
(51.5) 


B  =  C2H60, 

Ethyl  alcohol 

(51.5) 

HBr 

B  =  C2H60, 

Ethyl  alcohol 

(51.5) 

I2 

B  =  CS2  (117) 

g  A/1 

<£>25 

0.0 

248.7 

6.8 

248.4 

13.6 

246.8 

27.5 

244.7 

54.0 

243.9 

108.0 

233 . 4 

214.6 

222 . 0 

B  =  CHCI3  (i  1 7) 

0.0 

168.3 

1.5 

169.9 

2.9 

168.4 

5.7 

168.5 

11.5 

169.2 

22.9 

168.8 

44.9 

167.7 

B  =  CLHfiO,  Ethyl  alcohol 

(117) 

0.0 

89.8 

2.1 

89.2 

4.2 

89.0 

8.4 

88.6 

FLUIDITY  NON- AQUEOUS  SOLUTIONS 


B  =  C2H60. —  {(' mill 


K  A/1 

vu 

16.6 

87.8 

33.2 

86.4 

65.9 

84.7 

B  =  C4H10O,  Ethyl  ether  "7 


0.0 

416.7 

6.7 

418.4 

13.2 

413.7 

26.2 

403.7 

52.0 

393.8 

95.0 

373.1 

189.7 

333.6 

B  =  C8H6,  Benzene  (>17) 

0.0 

165.1 

4.1 

165.2 

7.7 

164.8 

14.2 

164.3 

28.4 

162.8 

56.4 

159.8 

72.4 

154.7 

S 

B  = 

CS2  (“) 

Wt.  %  A 

<P25 

0.0* 

282.5 

5.35* 

261.8 

13.12* 

235.3 

3 . 61  f 

268.8 

7.92t 

256.4 

3.25*1 

260 . 4 

3.11*/ 

6.60*  \ 

235.8 

6.31*  j 

*  Rhombic, 

f  =  Engel,  So. 
t  =  Magnus,  Sir 

so2 


B  =  CCL*  (»») 


Wt.  %  B 

0.0 

391.3 

26.42 

352.6 

35.79 

334.8 

48.60 

305 . 1 

88.93 

239.9 

73.28 

223.0 

85.01 

179.0 

92.11 

149.4 

98.870 

121.9 

99.220 

119.7 

99.315 

118.9 

99.672 

116.7 

100.00 

112.7 

B  =  CS2*  (98) 

97.41 

296.8 

98.18 

295.7 

98.91 

293.7 

100.00 

290.0 

B  =  CHClj*  (98) 

97.10 

199.1 

97.44 

197.9 

98. 12 

194.6 

100.00 

184.4 

•  At  pressure  of  saturated  vapor 


B  =  CH,0,  Methyl  alcohol* 

(98 

Wt.  %  B 
0.0 
18.16 

20.27 
25.10 
29 . 29 
40.89 

51.27 
68.76 
74.47 
91.98 

100.00 


B  =  C:H  (.  * — ( CotUinurri 


<fu 

391.3 

320.7 

310.3 

291.2 
281.1 

239.3 
215.5 

191.7 

188.8 

184.4 
183 . 2 


0.00 

21.43 

27.95 
52.00 
52.92 

71 .96 
72.76 
74  « 


390.7 

326 . 8 

321.9 

256 . 7 
256. 1 
219.4 
217  5 

215.7 


Wt.  %  B 
86 . 00 
92  52 
96.79 
98.71 


204  9 
195  3 
187  3 
183.5 


B  =  C3H60, 

Acetone  f98) 

0.00 

390 . 7 

12.32 

352.1 

20.80 

331.5 

44.90 

293.7 

47.83 

293 . 3 

57.56 

288.1 

69 . 40 

291.5 

73.48 

292.9 

77 . 78 

297.2 

81.98 

301.8 

94.66 

320.3 

100.00 

328.9 

B  =  C,H,„0,  Ethyl  ether  f98) 

0.00 

390.7 

30.46 

347.7 

50.56 

347 . 2 

57. 00 

356  6 

63.71 

362.4 

66 . 47 

363 . 2 

85.80 

409.3 

88.30 

416.7 

91.67 

425.0 

95 . 00 

434.3 

100.00 

448  2 

B  =  CsHr,  Benzene*  (98) 

0.00 

390.7 

26.39 

329 . 8 

50.44 

265.7 

52.58 

263.3 

80.76 

203.7 

92.62 

185.2 

95.48 

177.6 

97.28 

174.2 

100.00 

167.8 

B  =  CrH,,, 

Heptane*  (98) 

96.82 

268.9 

98.29 

265.5 

100.00 

259.4 

B  C;H„  Toluene*  (98) 


At  pressure  of  saturated  vapor. 


100.00 

181  4 

B  =  CsHio, 

Xylc 

nr 

(98  ) 

84.57 

187.5 

89.08 

11 

’8.5 

«.il  22 

U 

'5.6 

93.28 

u 

M  .8 

95. 00 

169  4 

96.48 

167 . 6 

100.00 

1 65  5 

H2S 

B  = 

CHCL* 

(98) 

99.713 

192.1 

99.80 

190.2 

100 .  (X) 

184.4 

*  At  pressure*  of  saturated  vapor. 

H.SO4 

B  =  CSH 

(CL, 

Acetic 

acid  (26 

Wt.  %  B 

^16 

V^76.5 

0.00 

3 

7 

12 

19.87 

9.93 

2 

384 

13.94 

29.88 

0 

7 

29 

9.33 

50.18 

0 

8 

72 

10.6 

70.07 

3 

190 

25.7 

90.01 

26 

20 

79.6 

100.00 

75 

00 

177.4 

B  =  C»H< 

SO4, 

Dimethyl  sul- 

fate 

(26) 

Wt.  %  B 

<A> 

•fit.  t 

0.00 

2 

06 

18.9 

24.98 

3 

19 

24.4 

50.15 

5 

48 

35.6 

75.02 

14 

29 

66.9 

100.00 

36 

60 

124.7 

B  =  C,H 

10O, 

Ethyl  ether  (H8) 

Wt.  % 

B 

0.0 

4.76 

2.50 

5.30 

5.00 

6.26 

10.00 

7.64 

15.00 

7.86 

20.00 

7.46 

25.00 

6.68 

30.00 

6.28 

35.00 

6.19 

40.00 

6.96 

45.00 

9.09 

50.00 

13.88 

56.436 

28.74 

60.8 

75 

45.58 

70.399 

101.8 

78.221 

172.7 

83  223 

229.4 

90.1 

72 

322.9 

93.3 

70 

366.3 

100.00 

468  6 

NH, 

B  =  CH,N,0,  Urea 
M  B  1  *■-».» 

0.333  |  356.4 

0.376  |  351.9 

0.567  340.2 

0.806  319.1 

0.966  306.0 

2.076  '  243  0 


B  =  C,:H: 

.Out  Sucrost 

(48 

0.022 

36 

• 

> 

0.039 

360 . 0 

0.070 

345.0 

0.124 

32 

1 

4 

0.220 

278  0 

0.3918 

164 

i 

0.921 

44 

76 

NH,Br 

B  =  CH.NO, 

Formamide  (23 

M  B  1  I 

yi»  I 

0.0 

23. 

>  30. 

/ 

39.3 

0.1 

22 

7  30. 

6 

38.0 

0.25 

22 . 0  28 . 

9 

87.3 

0.6 

20. 

9  27. 

7 

36  0 

NH4I 

B  =  CHjNO, 

Formamide  (23, 

M  A  1 

*Pl  4  |  lf“JS 

tptt 

0.0 

23. 

8  31 

2 

40.1 

0.1 

22. 

9  30 

2 

38.4 

0.25 

21. 

9  29 

3 

87  5 

0.5 

19 

6  25 

9 

33  3 

NH.NOj 

B  =  CH3 

NO, 

Formamide  (6S) 

M  A/1 

<Plk 

0.0 

22 

89  30 

.3 

38.0 

0.1 

22 

35  29 

.5 

36.4 

0.25 

22 

(X)  29 

.3 

36  4 

0  5 

21 

37  28 

4 

35  4 

SbClj 

B  -  C  H 

.0, 

Acetone  (87>  88 ) 

M  U  B 

fyn 

33  3 

5.52 

18.83 

38 

5.96 

50 

10.54 

24.86 

66  6 

28.2 

j 

18.13 

75 

50.6 

84  53 

100 

295  0 

M  r;  b 

y>w 

0 

24.55 

46  34 

20 

1 

r.53 

43.80 

23 

1 

7.50 

39.58 

25 

1 

7.08 

41.44 

30 

1 

7 . 56 

41.51 

33  3 

18.83 

12  87 

B  -  C.H.oO,  Ethyl  ether  (87. 

set 


M  Ur  A 
0 
25 

33  4 
50 


fn 

409.8 

99.2 

51.2 
15 .5 


•f  It 

429  2 
liks  2 
59.6 
18.98 
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SbCl.3. — ( Continued ) 

B  =  CiHujO. — (Continued) 


M  %  A 

¥>5 

¥*32 

70 

6.53 

8 . 64 

75 

5 . 80 

7.94 

80 

5 . 55 

7.49 

85 

5.91 

7 . 85 

B  =  C,Hr,  Benzene  (8<*.  85) 
Wt.  %  B 
0 
15 
25 

33.4 
50 

66 . 6 
75 
100 


B  =  C6HtN,  Aniline  (84,  85) 


M  %  B 

<£>95 

¥*125 

0.0 

138 . 1 

432.9 

25.0 

16.51 

92.42 

33.33 

6.51 

45.0 

2.89 

50.0 

2.64 

28.05 

52.5 

2 . 67 

28.00 

55 . 0 

2.82 

28.22 

66.67 

5.71 

100.00 

65.27 

201.2 

B  =  C13H12,  Diphenylmethane 
(84,  85) 


M  %  B 

¥*ioo 

0 

65.6 

15 

50.4 

20 

49.7 

25 

49.7 

34.87 

53.4 

50 

67.1 

100 

120.9 

B  =  C19H16,  Triphenylmethane 

(84 

,  85) 

0 

65.6 

33.33 

30.85 

50 

29.5 

55 

28.9 

60 

28.5 

66.67 

29.0 

100 

31.0 

SbBr3 

B  =  C$H80,  Acetophenone 
(84,  85) 


M  %  A 

<£>26 

¥60 

<£>96 

0 

61 

8 

O 

oc 

3 

153 

1 

25 

9 

43 

17 

78 

40 

34 

40 

1 

64 

3 

23 

19 

40 

45 

1 

27 

2 

62 

15 

65 

48 

1 

108 

2 

549 

14 

93 

50 

1 

036 

2 

353 

14 

34 

51 

1 

069 

2 

439 

13 

82 

52 

2 

45 

13 

19 

60 

1 

872 

4 

44 

16 

60 

70 

3 

167 

7 

39 

23 

26 

85 

15 

80 

25 

1 1 

100 

30 

22 

B  =  C13H10O,  Benzophenone 

(84,  85) 


Wt.  %  A 

¥'26 

¥*96 

0.0 

7.35 

57.3 

33 . 33 

0.552 

26.8 

50.0 

0 . 2086 

19.9 

55.0 

0.1812 

60.0 

0.1766 

17.7 

66 . 67 

0.2118 

17.2 

70.0 

17.4 

75.0 

17.7 

100.0 

30.2 

SnCli 

B  =  C  II.  02,  Ethyl  formate 

(87,  88) 


M  %  B 

¥’30 

¥40 

<£>  50 

0 

124 

1 

137 

9 

149 

7 

25 

65 

5 

77 

4 

89 

69 

50 

14 

56 

20 

19 

26 

65 

64 

2 

27 

4 

25 

7 

02 

66.5 

1 

73 

3 

38 

5 

97 

68 

1 

91 

3 

62 

6 

21 

70 

3 

21 

5 

25 

8 

03 

75 

113 

8 

15 

66 

20 

39 

100 

266 

7 

292 

4 

321 

5 

B  =  C4H8O2,  Ethyl  acetate 

(87,  88) 


M  %  B 

<£>25 

<£>  50 

<£>70 

0 

108.8 

149.7 

166.7 

30 

52.82 

80 . 32 

100.8 

50 

15.50 

30 . 93 

47.9 

64.1 

2.60 

9.79 

22.8 

65.4 

2.14 

9.16 

21.7 

66.6 

1.99 

8.89 

21.6 

67.4 

2.23 

9.53 

22.8 

75 

8.51 

20.2 

36 . 3 

100 

226.8 

289.9 

353 

B  =  C4H802,  Propyl  formate 

(87,  88) 


M  %  B 

<£>60 

*P  70 

0 

149 

7 

166 

7 

25 

83 

1 

111 

6 

50 

23 

35 

39 

56 

65 

6 

53 

16 

13 

66.6 

6 

07 

15 

25 

68 

6 

67 

16 

49 

75 

17 

06 

CO 

O 

97 

100 

253 

8 

307 

7 

B  =  C5H10O2,  Ethyl  propion¬ 
ate  (8°,  81) 


M  %  B 

¥26 

¥70 

0 

108.8 

166.4 

10 

90 . 09 

149.9 

25 

62.62 

123.9 

40 

34 . 66 

89.29 

50 

18.96 

65 . 92 

60 

7.47 

46.58 

65 

4.67 

44.50 

65.20 

4.87 

46.17 

65.87 

4.86 

47 . 06 

66 . 67 

4.97 

48.37 

67.11 

5.04 

48.3 

70 

7.29 

53.0 

B  = 

C&HuiOi.— 

-( Continued ) 

M  % 

B 

<£>25 

<£>70 

75 

16.7 

66.6 

90 

95.1 

27 

6.2 

100 

189.0 

304.0 

B  =  C 

6H]o02,  Methyl  butyrate 

(87,  88) 

M  % 

B 

¥26 

<Pb0 

¥70 

0 

108.8 

149 

.  7 

166.7 

66.5 

4.53 

20 

.62 

47.8 

100 

(N 

CO 

oc 

266 

.0 

320 . 5 

B  = 

CoHc,  Benzene  (87,  88) 

M  % 

B 

<£>25 

¥>7  0 

0 

108. 

8 

166 . 7 

25 

140. 

2 

204.5 

50 

156. 

7 

250 . 6 

75 

166. 

7 

266.7 

100 

164. 

5 

2 

75.5 

B  =  C6H1202,  Ethyl  butyrate 

(87,  88) 


M  %  B 

<£>25 

<£>50 

<£>70 

0 

108 

8 

149 

7 

166 

7 

25 

52 

8 

80 

3 

100 

8 

50 

24 

2 

34 

9 

55 

8 

64 

5 

32 

18 

8 

41 

6 

65 

5 

04 

18 

7 

42 

2 

66 

5 

10 

18 

9 

42 

5 

66.7 

5 

18 

19 

1 

42 

9 

67.5 

5 

50 

19 

9 

44 

2 

69.2 

6 

84 

22 

3 

48 

1 

75 

15 

56 

36 

3 

66 

1 

100 

159 

2 

214 

6 

311 

5 

B  =  CsiHioOo,  Ethyl  benzoate 
|  87,  88) 


M  %  B 

<£>25 

<£>50 

¥>70 

0 

49 

2 

78 

1 

104 

7 

25 

12 

6 

37 

8 

64 

3 

33.4 

8 

63 

31 

3 

56 

6 

35 

8 

49 

31 

0 

56 

3 

37.5 

8 

43 

CO 

O 

3 

55 

7 

40 

8 

44 

29 

7 

53 

9 

45 

9 

48 

29 

9 

54 

0 

50 

12 

1 

32 

7 

57 

4 

70 

36 

8 

64 

2 

91 

0 

100 

108 

8 

149 

9 

166 

7 

HgCl, 


B  =  CH  ;NO,  Formamide  (64) 


M  A/1 

<£>15 

<£>25 

<£>35 

0.0 

23.2 

31.0 

39.8 

0.1 

22.2 

29.6 

0.25 

21.3 

28.3 

Agl 


B  =  CH  .N,  Met hyla mine  (48) 

M  A/1 

¥0 

1.08 

293.9 

1.24 

282.7 

2.31 

197.0 

B  =  C2H7N, 

Dimethylamine 

(40) 

M  A/1 

¥—35*6 

0.3195 

199.1 

0.6375 

179.9 

1.366 

125.1 

¥75 

42.4 

44.3 

48.8 

53.9 

76.9 
127.2 
165.0 
296 . 7 


B  =  C2H7N,  Ethyiamine  40 


M  A/1 

¥-33-5 

0. 1012 

165.4 

0.1728 

156.9 

0 . 3494 

144.5 

0 . 6339 

125.1 

1.116 

100.4 

AgNOa 

B  =  CH;,N, 

Methylamine 

(48); 

cf.  (75) 

0.99 

221.6 

1.29 

180.8 

1.48 

152.6 

1.91 

111.1 

2.76 

55 . 64 

3.57 

29.78 

B  =  C2H3N,  Acetonitrile  (12  3) 

Wt.  %  B 

<£>25 

43.07 

15.4 

68.09 

95.6 

85.93 

190.8 

95.20 

244.5 

100.00 

278.6 

B  =  C2H7N,  Ethyiamine  (40) 

M  A/1 

¥>-33.5 

0 . 03436 

168.2 

0 . 07045 

159.5 

0.1402 

140.8 

0.2785 

123.9 

0 . 5420 

103.1 

0.7411 

72.78 

1.999 

14.09 

B  =  C3H9N,  Propylamine  (40) 

0.1387 

82.1 

0 . 2802 

66.7 

B  =  C5H3N,  Pyridine  (121) 

Wt.  %  B 

<£>26 

73.93 

17.6 

85.12 

48.8 

90.41 

74.3 

95.96 

90.6 

100.00 

112.2 

B  =  C6HcC1N,  m-Chloro- 

aniline  (121) 

M  %  B 

<£>26 

92.11 

10.9 

96.91 

20.7 

98.82 

25.5 

99.49 

27.3 

99.81 

28.0 

99.92 

28.4 

100.00 

28.6 

B  =  CcH7N, 

Aniline  (42i) 

Wt.  %  B 

¥>25 

89.79 

11.16 

93.92 

16 . 67 

96 . 98 

21.79 

98.13 

23.47 

100.00 

27.03 

B  =  C,H7N,  Quinoline  (121) 

94 . 08 

14.4 

97.19 

21.5 

98.60 

25.4 

100.00 

29.6 
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CoBr2 

B  CH  NO,  Formamide  (64 

¥is 


M  A  1 

¥  u  ' 

¥16 

0  11 

23 . 25 

31.05 

0  1 

20.41 

27.03' 

Cai  N0;i)2 

B  =  C2H«0,  Ethyl  alcohol 
(155J 


Wt.  %  B 

¥15 

96 

5.0 

97 

12.0 

98 

26.0 

99 

51 .0 

100 

92 . 3 

Sr  NO 

B  =  CH  NO,  Formamide  (63 


M  A/1 

<P\t 

¥25 

¥>36 

0.0 

22.7 

30.1 

37.8 

0.1 

20.2 

27.1 

33.8 

0.25 

17.4 

23  5 

29.8 

BaCl2 

B  =  CH  NO,  Formamide  23 


M  A/1 

<Plb 

<P2b 

<P  35 

0.0 

23.3 

31.1 

39.8 

0.1 

20.2 

27.0 

34 . 8 

Ba  NO,)2 

B  CH  NO,  Formamide  63 


M  A/1 

¥•14 

¥  25 

<?35 

0.0 

22.5 

30.0 

37.7 

0.1 

20.4 

27.1 

34.1 

0.25 

17.2 

22 . 3 

29.5 

Ba(CNS)2 

B  =  C2H;N,  Ethylamine  (40 


M  A/1 

<£>—33.6 

0.1392 

139.0 

0 . 2809 

108.3 

B  =  CH..N,  M ethylamine  48 


M  A/1 
0.355 
(I  626 
0.985 
1.35 
2.01 


¥0 

35(5 .5 
315.8 
232.7 
182.4 
107.0 


B  =  C-iHoO,  Ethvl  alcohol 
(143) 


g  A/kg  B 
0.(K) 
2.587 
4.824 
10.48 
20.93 
35.01 
45  16 


¥15 

75.9 

71.2 
07 . 7 

60.9 
50.0 

40.3 
33  4 


LiNO 


M  A/1 

41  *  ' 

^16 

^*6 

0.0 

23.4 

31.3 

0.15 

22.4 

31  7 

0.25 

21  2 

28.0 

0.5 

19  3 

25 . 8 

v>* 

40.0 

37.8 

35.9 
33.1 


LiCHO 

Formate 


B 


-  CHjOj, 

Formic  acid  0  33 

B 

CH.O, 

Formic  aei< 

i 

M  A/1 

¥l» 

M  A/1 

¥* 

0  (KM) 

53 . 6 

0 

0 

53. 

6 

0.08513 

5i)  6 

0 

06191 

51 

*> 

0  1 292 

49.3 

0 

08267 

50 

5 

0. 1810 

47.9 

0 

1283 

49 

0 

0.2703 

45.2 

0 

2107 

46 

4 

0.3441 

43.4 

0 

3027 

43 

9 

(1  1335 

415 

0 

4925 

:i8 

9 

M  A/1 

¥35 

0 

5642 

37 

4 

0 . 000 
0.08583 
0.1347 
0 . 2039 
0.2606 
0 . 4064 
0 . 4669 


62 . 3 
59.0 

57.2 
55.0 

53.2 
49.1 
47  5 


B  CH  ,NO,  Formamide  83 


M  A/1 

*P\  6 

Y>26 

<£35 

0 . 0 

22.7 

30 . 0 

37  5 

0.15 

21.6 

2S  6 

35  s 

0.25 

19.6 

26.4 

32  9 

0.5 

17.6 

23  7 

29.8 

NaBr 

B  =  CHiNO,  Formamide  (64 


NaCHCF 

Formate 


M  A/1 

*p\  6 

^.5 

¥35 

0.0 

23.4 

31.3 

39.8 

0.1 

22.1 

29 . 3 

37.5 

0.25 

20.5 

27.2 

35 . 2 

0.5 

17  9 

24.5 

32.0 

B  =  CH40,  Methyl  alcohol 

(42.5) 


Nal 

B  =  CHiNO,  Formamide  i64  : 


M  A/1 

1 6 

¥35 

^36 

0.0 

23.2 

30.3 

38.9 

0.1 

22 . 1 

29  6 

37.7 

0.25 

20.7 

27  5 

35.7 

0.5 

18.4 

25  0 

32  6 

B  =  CH<0,  Methyl  alcohol 

(42-5) 

B  =  C.H.O,  Ethyl  alcohol 

(» 55  );<-/. 

(51.5) 

M  A/1 

<P\b 

¥35 

¥»  6 

0.0 

77.4 

94 . 9 

114  S 

0.125 

70  2 

84.0 

1101.9 

NaNO.n 

CHjNO,  Formamide  I63 


M  A/1 

^*16 

*PU 

6 

0.0 

22.7 

30  0 

37  5 

0.1 

21.5 

28  5 

35  9 

0.25 

19.9 

26.8 

33.6 

0.5 

17.9 

24.3 

31  0 

B  =  CHiN,  Methylamine  (48 

M  A/1  I 
0.226  J  389 
0.387  365 

338 


0.575 
1  075 


267 


M  A/1 
0.04228 
0.06941 
0.1 124 
0 . 2382 
II  MOO 
0.5759 
0.7435 
0 . 9876 


¥15 

59 . 9 

58.8 

57.4 

52.8 
io  ; 

43.4 

39.5 
34  2 


B  CH.NO,  Formamide  63 


M  A/1 

<£16 

^16 

<TJ5 

0.0 

22.8 

30.1 

37.8 

0. 1 

20.9 

28  0 

35.0 

0  25 

18  6 

26  1 

31  9 

Na.C,H404 

Succinate 

B  CHjNO,  Formamide  l63  1 


M  A/1 

¥l» 

¥35 

V>16 

0.0 

22.7 

30.1 

37.3 

0  01 

19  0 

26  6 

32  1 

NaC,H„SO, 

Bensenesulfonatc 

B  CH  NO,  Formamide  I63 

M  A/1 

*P\b 

¥35 

^16 

0.0 

22.8 

30.15 

37  8 

0.1 

21.2 

28.14 

35  3 

NaC  H.NO: 

m-Aminolienzoute 
CH  NO,  Formamide  63 


M  A/1 

<P  16 

^16 

V>J6 

0.0 

22.7 

30.0 

37.5 

0.1 

21  1 

28.5 

35 . 7 

0.25 

19.4 

26.2 

32.9 

0.5 

17.0 

23 . 3 

29.9 

NaC7H,02 

Benzoate 

B  CH  .NO,  Formamide  (63 

M  A/1 

^16 

¥35 

0.0 

22.7 

30.1 

37  3 

0.1 

20.8 

27.7 

35.0 

0.25 

is  2 

24.7 

31  6 

NaC:H.,0  s 

Salic\ 

late 

B  CH  NO,  Formamide  I63 

M  A  1 

(p  I  6 

^11 

0.0 

IO  7 

30. 

7 

O  1 

20  5 

27 

> 

34  4 

Na.Cr04 

B  CH  NO,  1 

>rmnmid< 

.,64) 

M  A  1 

^*1 

V 

0.0 

23 

> 

31 

0 

0.1 

20 

27 

3 

KC1 

B  CH  NO,  1  ■  irmamid 

.  64  ; 

M  A/1  1 

VM6 

^*16 

0.0 

23 . 2 

30. 

2  ; 

39.3 

0.1 

21  9 

29 

5 

37.8 

0.25 

21  2 

28. 

0 

36.8 

0.5 

19  0 

25. 

5 

33  3 

B  CH.O,  Me 

thyl  alcohol 

(42. S) 

KBr 

B  =  CH 

O,  M. 

thyl  alcohol 

(  42. S 

KI 

B  CH<0,  Methyl  alcohol 

>  43  i ;  for  more 

ri 

'cent  data,  cj 

(42.5) 

g  A/kg  B 

*P  16 

5.74 

154 

.  7 

11.87 

152 

3 

22.65 

IIS 

.4 

45.74 

139 

5 

76 . 7-1 

130 

2 

116.94 

121 

5 

g  A  kg  B 

¥35 

•f*o 

17.86 

17: 

i 

0 

214  6 

35.93 

166. 

2 

205  6 

70.39 

155 

0 

192.0 

97 . 72 

14 

8 

183  7 

B  CHiNO,  Formamide  64 

M  A/1 

¥15 

¥15 

V'Jk 

0.0 

23.2 

30 

.3 

38  9 

0.1 

22.6 

29 

.8 

38  ii 

0.25 

21.6 

28 

i 

36.8 

0.5 

20. 

34  7 

B  CH  N,  Methylamine  48 

M  A 

1 

^0 

1  2' 

> 

>27 

7 

B  -  C3H,0, 

Ethyl  alcohol 

(14J) 

g  A /kg  B 

¥>5 

4.7 

4 

74 

5 

8.20 

73 

4 

13.3 

r 

72 

2 

NaCrH  N,0« 

1,  3,  5-Dinitrol>eriioate 
B  CHiNO,  Formamide  63j 
M  A/1  1  ¥15  ¥15 

0  0  22.7  30  1  37.7 

0  1  20  2  27  2  33  9 


KNOj 

B  CH»NO,  Formamide  (*3 


M  A  1 

¥15 

1?16  * 

*»6 

0.0 

22.9 

30.3 

.38  0 

0  1 

21  8 

29  0 

36  4 

0  25 

20  7 

27  7 

:i5  5 

0  5 

19  4 

25  9 

32  9 

30 
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kcho2 

Formate 


B  =  CH  .O  .,  Formic  acid  (133) 


M  A/1 

¥?26 

0 . 054S 

59.5 

0.0733 

58 . 9 

0.1787 

55.2 

0. 1888 

54 . 9 

0 . 2099 

54 . 6 

0.2619 

53.1 

0 . 2878 

52.7 

0.3195 

51.5 

0  3917 

49.4 

0.4445 

48.4 

0.6104 

44.7 

KCNS 


B  =  CH  jNO,  Formamide  (64) 


M  A/1 

<Plb 

<P2b 

<^35 

0.0 

23.3 

30.7 

39.1 

0.1 

22.9 

30.5 

38.8 

0.25 

21.8 

28.8 

36.9 

0.5 

20.4 

27.4 

35 . 2 

RbCl 


B  =  CH3NO,  Formamide  (64) 


M 

A/1 

<Plb 

¥■26 

^36 

0 

0 

23 

3 

30.7 

39 

0 

0 

1 

22 

3 

29.4 

38 

1 

0 

25 

20 

9 

27.7 

36 

0 

0 

5 

19 

1 

25.8 

33 

8 

Rbl 

B  =  CH..NO,  Formamide  (64) 


M 

A/1 

<Plb 

<P2b 

<PZb 

0. 

0 

23 

.80 

31 

.  18 

40. 

.06 

0. 

1 

22, 

.56 

29 

.87 

37. 

.97 

0. 

25 

21. 

.54 

28. 

.55 

36. 

.54 

0, 

5 

20. 

.  22 

27 

.66 

34. 

.90 

RbNO, 


B  =  CH.NO,  Formamide  (64) 


M  A/1 

<P  16 

<P2b 

¥36 

0.0 

23.3 

30.7 

39.0 

0.1 

22.6 

29.9 

38.2 

0.25 

21.8 

29.2 

37.4 

RbCHO, 

Formate 

B  =  CHaNO,  Formamide  (63) 
M  A/1  [  ¥25 

0.0  30.4 

0.1  !  29.1 

0.25  1  28.1 


CsCl 

B  =  CH3NO,  Formamide  (23) 


M  A/1 

<£>15 

<P2b 

<P3b 

0.0 

23.2 

30.8 

0.1 

22.3 

29.5 

37.7 

0.25 

21.1 

28.0 

35.9 

RbBr 

B  =  CH.iNO,  Formamide  (64) 


M  A/1 

¥16 

¥26 

0.0 

23.2 

30.7 

0.1 

22.4 

29.5 

0.25 

21.5 

28.6 

CsNO.j 

B  =  CH,NO,  Formamide  (23) 


M  A/1 

<Plb 

<P2b 

<P3b 

0.0 

23.2 

30.8 

0.1 

22.4 

29.7 

37.9 

0.25 

21.7 

28.8 

36.7 

Three-Component  Systems 


Argon 

B  =  02 

c  =  N2  (147,  148) 

%  A  |  °K  |  ¥ 

9.5%  B;  89%  C 
1.5  |  77.91  |  625.4 

35%  B;  63%  C 

2  |  79.57  |  595.9 

61%  B;  36%  C 

3  |  82.34  |  536.1 

96%  B;  1%  C 

3  1  89.62  |  527.6 


I2 

B  =  KI 

C  =  CH-iO,  Methyl  alcohol 
(20) 


g  A/1 

K  B/l 

¥26-6 

126.92 

0.00 

165.1 

112.86 

18.44 

159.1 

111.07 

20.75 

158.2 

108.78 

23.74 

157.3 

105.73 

27.73 

155.6 

101.54 

33.20 

153.5 

NH4Br 

B  =  CHiO,  Methyl  alcohol 
C  =  C3H*03)  Glycerol  (52) 

¥26  I  ¥>36  |  ¥’46 

No  solute 

0.0  Wt.  %  C  in  (B  +  C) 
171.2  |  197.4  |  223.7 

25.0  Wt.  %  C  in  (B  +  C) 
53.0  |  67.5  |  83.7 

50.0  Wt.  %  C  in  (B  +  C) 

10.4  [  15.4  |  22.5 

75.0  Wt.  %  C  in  (B  +  C) 

1.61  |  2.84  |  4.79 

100.0  Wt.  %  C  in  (B  +  C) 
0.165  |  0.368  |  0.74 

0.1  N  NH4Br 
0.0  Wt.  %  C  in  (B  +  C) 
159.9  |  184.8  |  211.2 

25.0  Wt.  %  C  in  (B  +  C) 

48.5  |  62.1  |  76.0 

50.0  Wt.  %  C  in  (B  +  C) 
10.8  |  15.9  |  22.9 

75.0  Wt.  %  C  in  (B  +  C) 

1.67  |  2.99  |  4.97 

100.0  Wt.  %  C  in  (B  +  C) 
0.165  0.368  I  0.74 


B  =  C2Hr.O,  Ethyl  alcohol 
C  =  C3H,03,  Glycerol  (52) 

¥>26  |  ¥>35  |  ¥>46 

No  solute 

0.0  Wt.  %  C  in  (B  +  C) 

93.7  |  115.2  |  137.7 

25.0  Wt.  %  C  in  (B  +  C) 

23.9  |  32.8  |  43.4 

50.0  Wt.  %  C  in  (B  -f-  C) 
4.71  |  7.40  |  11.5 

75.0  Wt.  %  C  in  (B  +  C) 
0.972  |  1.83  |  3.22 

100.0  Wt.  %  C  in  (B  +  C) 
0.165  I  0.368  |  0.740 

0.1V  NH4Br 
0.0  Wt.  %  C  in  (B  +  C) 
86.1  |  105.1  |  125.3 

25.0  Wt.  %  C  in  (B  +  C) 

22.7  |  31.0  |  40.9 

50.0  Wt.  %  C  in  (B  +  C) 
4.73  |  7.55  I  11.54 

75.0  Wt.  %  C  in  (B  +  C) 
0.92  |  1.73  |  3.04 

100.0  Wt.  %  C  in  (B  +  C) 
0.155  |  0.349  I  0.714 


Cu(NO:j)2 

B  =  C2Hr,0,  Ethyl  alcohol 
C  =  C3HfiO,  Acetone  (61) 


Wt.* 

¥0 

No  solute 

¥26 

0 

53.9 

90.4 

25 

96.1 

148.9 

50 

147.0 

205.2 

75 

200.4 

264.8 

100 

244.1 

308.9 

0.2iV  Cu(N03)2 


Wt.* 

<P2b 

0 

72.8 

25 

118.4 

50 

170.6 

75 

223.0 

100 

263 . 5 

wt.  =  wt.  % 

C  in  (B  +  C 

AgN03 


B  =  C2H3N,  Acetonitrile 
C  =  C5H;,N,  Pyridine  (123) 
Solvent  =  1  Vol.  B  +  2  Vol.  C 


Wt.  %  A  in 

¥  26 

solv. 

0.00 

172.1 

5.05 

146.2 

9.17 

120.3 

16.41 

78.7 

29.04 

33.3 

B  =  C6H5N,  Pyridine 

C  =  c6h7n, 

Aniline  (121) 

Solvent  =  1  Vol.  B  +  1  Vol. 

Wt.  %  A  in 

¥25 

solv. 

0.00 

53.8 

4 . 063 

40.7 

10.67 

24.6 

17.74 

12.22 

29.40 

25.9 

B  =  CTLN;  C  =  C6H7N.— 

(• Continued ) 

Solvent  =  1  Vol.  B  +  4  Vol.  C 


Wt.  %  A  in 

<P2b 

solv. 

0.00 

36.6 

3.72 

28.0 

7.31 

21.0 

18.29 

6.96 

C0CI2 

B  =  CH40,  Methyl  alcohol 

C  =  C3Hs03,  Glycerol  (135) 

Vol.  % 

¥26 

<p3b 

C  in 

(B  +  C) 

Pure 

solvents  (B 

+  C) 

0.0 

176.9 

204.6 

25.0 

51.0 

65.0 

50.0 

10.8 

15.7 

75.0 

1.65 

2.82 

100.0 

0.158 

0 . 340 

(B  +C)  +0.1V 

C0CI2 

0.0 

157.1 

181.6 

25.0 

44.5 

57 . 6 

50.0 

9.26 

13.4 

75.0 

1.35 

2.40 

100.0 

0.133 

0.297 

B  =  C2Hf;0,  Ethyl  alcohol 

C  =  C.JLO3,  Glycerol  (135) 

Pure  solvents  (B  +  C) 

10 

90.1 

110.3 

25 

22.9 

31.4 

50 

4.87 

7.56 

75 

0.92 

1.68 

100 

0.158 

0.340 

(B  +  C)  +  0.EV  CoCl2 

10 

83.8 

101 .8 

25 

20.3 

>7.7 

50 

4.08 

6 . 38 

75 

0.739 

1  355 

100 

0.133 

0.297 

Ca  N03)2 

B  =  CH3NO,  Formamide 

C  =  C2HbO,  Ethyl  alcohol  (63) 

Wt.  % 

¥16  I  ¥25 

¥36 

C  in 

(B  +  C) 

0.M  A  1 

25 

29.661  38 

.60 

48.22 

50 

40 . 4o|  51 

.71 

63  82 

0.1M  A  1 

25 

26.751  35 

.28 

43.90 

50 

36.05|  46 

.34 

56  98 

B  =  CH40,  Methyl  alcohol 
C  =  C3H60,  Acetone  (*i) 


Wt.  % 

¥0 

¥26 

C  in 

(B  +  C)  | 

Pure  solvents  (B  +  C) 

0.0 

122.2 

176.7 

25.0 

153.9 

216  7 

50.0 

187.4 

257.0 

75.0 

222.2 

290.1 

100.0 

244.1 

308  9 
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B  =  CH.O;  C  =  CjH.O. 

(Contin  ued) 

Wt.  % 

B  +  C)  + 

B+C)  + 

C  in 

0.1  N 

0.00016V 

fB  +  C) 

Ca  ( N  0 1)  2 

Ca(NOj)  j 

<P2b 

0.0 

161.8 

180.4 

25.0 

188.0 

217.2 

50.0 

220.6 

254.7 

75.0 

255.6 

287 . 3 

100.0 

282  1 

307 . 3 

LiBr 

B  =  CHtO,  Methyl  alcohol 

C  =  CjHeO,  Acetom 

Wt.  % 

<A> 

C  in 

(B  +  C) 

OM  A/1 

0 

122.20 

176.70 

25 

153.90 

216.70 

50 

187.40 

257.10 

75 

222.20 

290.10 

100 

244.10 

308 . 90 

0.000625M  A/1 

0 

119.82 

177.46 

25 

197.29 

50 

173.17 

236.18 

75 

279 . 25 

100 

242 . 85 
0.1M  A/1 

299.42 

0 

111.18 

163.28 

25 

183 . 30 

50 

220.87 

75 

264.88 

100 

232 . 45 

286.96 

B  =  C/H,0;  C  =  C,HO. 

(Continued  I 


C  =  CsH.O,,  Glycerol  (135 


B  =  C2HsO,  Ethyl  alcohol 
C  =  C3H60,  Acetone  (67) 
Wt.  %C  <P0  *  is 

in 

(B  +  C) 


0 

25 

50 

75 

100 

0 

25 

50 

75 

100 


0M  A/1 
53.9 
90.1 
147.0 
200.4 
244.1 
0.000025 M  A  1 
45.48 


242.85 


90.4 
I  ! s  9 
205 . 2 

264.8 

308.9 

81.69 

129.34 

193.59 

258.10 
299 . 42 


Wt.  %C| 

ifO 

<f2b 

in 

(B  +  C)  | 

0.1M  A/1 

0 

40.96 

73.18 

25 

121.69 

50 

136.0 

180.05 

75 

235 . 99 

100 

232 . 45 

286 . 96 

C  =  C3H„CL,  Glycerol  G35> 

Vol.  % 

fil 

*PU> 

C  in 

(B  +  C) 

For  pure  solvents,  e. 

A  =  CoCl 

(B  -t-  C)  +  0.1  AT  LiBr 

10 

80.9 

101 .4 

25 

21.9 

30.3 

50 

4  52 

7.08 

75 

0 . 838 

1 . 549 

100 

0. 147 

0.313 

Vol.  % 

*P2b 

<PZb 

C  in 

(B  +  C) 

For  pure  solvents,  v.  . 

\  =  CoCU 

(B  +  C)  +  0.1  A 

J  LiBr 

0.0 

164.0 

188.5 

25.0 

47.5 

60.7 

50.0 

9.88 

14.4 

75.0 

1.53 

2.63 

100.0 

0.147 

0.313 

LiNO, 

B  =  CHjNO,  Formamide 
C  =  C-.H.O,  Ethyl  alcohol 
(63) 


wt.  % 
C  in 
(B  +  C) 

25 

50 

75 

25 

50 

75 

25 

50 

75 


<£■14 


•Pti 


0M  A/1 

29.65  38.82  47  87 
40.45  51  76  63.49 
56.98  70.87  85.32 
0.1M  A/1 
28.39  36.89  46.10 
|  38. 12  48.01  59.74 
52 . 77  65.70,  79.37 
0.25M  A/1 

I  26.321  34.731  43.25 
34.95  45.07  55.28 
47.10  59.521  71.58 


0.0 
25  0 
50.0 
75.0 
100  0 


(B  +  C)  +  0.1  Ar  KI 


168.3  |  194  2 

49  5  63.0 

10  7  15.5 

1.59  2.75 

0  149  0.319 


B  =  C;H«0,  Ethyl  alcohol 
C  =  CjH.Oj,  Glycerol  (,3S1 
For  pure  solvents,  A  CoCU 
(B  +  C)  +  0.1. V  KI 
10  85  0 

25  22.1 

50  4.86 

75  0.909 

100  1  0  149 


KCNS 

B  =  CH.O,  Methyl  alcohol 
(',  =  CjH.O,  Ethyl  alcohol  68 


B 


CjH.O;  C  =  C.H.O. 


KI 

B  =  CH.O,  Methyl  alcohol 
C  =  CjHhCL,  Glycerol  (3 3S) 
Vol.  %  eti  | 

C  in 

(B  +  C)  1 

For  pure  solvents,  v.  A  =  CoClj 


Wt,  %*  | 

<fo 

0M  A/1 

0 

110.7 

165  4 

25 

99.7 

147.3 

50 

79.4 

124.9 

75 

61 .8 

105.5 

100 

47.4 

87 . 4 

0.1M  A/1 

0 

104 . 2 

157.4 

25 

94.5 

140.6 

50 

74.6 

120.9 

75 

58 . 6 

101.1 

100 

44.7 

79.3 

C  =  CjHsO,  Acetone 

0M  A/1 

0 

110.7 

165  4 

25 

153.9 

196.6 

50 

193.1 

222 . 3 

75 

230.5 

240 . 6 

100 

198.2 

251.5 

0.1M  A/1 

0 

104.2 

157.4 

25 

134.6 

185.9 

50 

177.6 

202 . 7 

75 

211.6 

219.0 

100 

188  9 

242.4 

B  =  C.HfO,  Ethyl  alcohol 

(’  =  C 3 H O ,  Acetone  (68l 

0M  A  1 

0 

47.4 

87.4 

25 

86 . 5 

136.4 

50 

141.2 

187  5 

Ooniitiutd  1 

Wt.  %•  | 

1  *** 

0M  A/1 

75 

204 . 1  I  227  6 

100 

198.2  251  5 

0.(XK)625M  A  1 

0 

83  5 

25 

131  3 

50 

186.0 

75 

224  5 

100 

249  4 

0.1M  A/1 

0 

44  7  793 

25 

76.8  128.1 

50 

126  0  165.9 

75 

1868  2144 

100 

188.9  242  4 

Rbl 

B  CH  NO,  Form.imidc 

C  C  .HeO,  Ethyl  alcohol 

(63) 

Wt.  %* 

Vu  1  1  Vl» 

0M  A/1 

25 

29.7  38.9  48.3 

50 

405  51  7  634 

75 

56  9  70  7  84.9 

0.1M  A/1 

25 

28.8  37.6  46  6 

50 

38.9  49.2  00  7 

75 

52.7  1  67.4  1  81  4 

0.25M  A  1 

5>) 

;,5  8  45.7  56.5 

75 

50.1  63.3  76.4 

•  wt. 

-  Wt.  %  C  in  (B  +  C). 

THE  A-COMPONENT  HAS  KEY-FORMULA  BEGINNING 

WITH  16 

<r -Table,  the  <Z -Arrangement  (e.  Vol.  Ill,  P-  viii 
Two-Component  Systems 


CC14 

B  =  CHClj  ("»  102 
50  Wt.  %  A 

°C 


B  =  C2H2CL,  1,  1,2,2- 

Tctraehlorocthane  (58) 

Wt.  %  A 
0.0 
20  0 


33.33 

50 

66 . 67 
80 
100 


•fn 
107.6 
101  5 
98  3 
90  4 
82 . 0 
72.8 
61  9 


B  =  CjHJ;  for  data  at  25.  35, 
and  50°C,  r.  (1S7) 

B  -  CjH.O,  Ethyl  alcohol 


(<® 

• 

Wt, 

%  B 

°C 

< 

0 

0 

75 

6 

200 

4 

4 

58 

65 

1 

193 

1 

6 

71 

64 

5 

191 

9 

9 

65 

64 

0 

192 

3 

20 

96 

63 

8 

188 

• r 
1 

30 

2 

64 

2 

188 

t 

36 

6 

64 

8 

190 

1 

Ptprr  contain*  dcnMty  d*U. 
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CClt. — ( Continued ) 

B  -  C  H,  O. — ( Continued ) 


Wt. 

%  B| 

°c 

V 

58 

.  8 

67 . 7 

196.1 

73 

.0 

70 . 5 

204 . 1 

100 

.0 

77.1 

226 . 2 

B  =  C  Hi.O,  Acetone  (,24>  12S) 


M  %  B 

Vo 

0 . 00 

75.2 

11.40 

87.8 

36.44 

117.4 

51.18 

136  2 

73 . 55 

177.9 

86 . 53 

210  1 

96 . 67 

237 . 5 

100.00 

250.0 

M  %  B 

Vo 

<^20 

Viu 

(145) 

0.0 

138 

1 

73 

204 

17.6 

137 

1 

71 

205 

39.1 

145 

183 

218 

51 . 7 

154 

196 

235 

63.8 

176 

215 

254 

84.3 

204 

258 

301 

100.0 

247 

293 

355 

M  %  B 

V-l  3  ( 

43) 

¥>0  (43) 

0 

117 

140 

10 

112 

135 

20 

110 

134 

30 

109 

138 

60 

123 

166 

100 

222 

253 

See  also  (157)  for  data  at  18,  30 
and  40°C 


Wt.  %  B 

°C  (46)* 

V 

0.00 

60.2 

256.5 

6.79 

62.0 

263 . 2 

12.20 

62.8 

272.5 

27.4 

63.0 

296 . 7 

36.1 

62.1 

312.5 

53.5 

60.0 

346.0 

59.6 

59.2 

355.9 

68.7 

58.2 

375.9 

80.4 

57.1 

387.6 

100.0 

55.4 

420.2 

*  Paper  also  contains  density  data. 


B  =  C4H802)  Etlivl  acetate; 
for  data  at  15,  35,  and  50°C,  v. 
(157). 


B 


=  CLH6,  Benzene  (102) 
50  Wt.  %  B 


°C 

0 

25 

40 

55 


v 

97.1 

144.2 

181.8 

212.8 


Wt.  %  B 

°C  (46)* 

V 

0.0 

75.4 

201.2 

10.9 

75.5 

216.9 

22.8 

75.8 

234.7 

46.1 

76.4 

259.1 

53.8 

76 . 7 

266.7 

73.4 

77.6 

289 . 0 

100.0 

79.3 

315.5 

*  Paper  also  contains  density  data. 


B  =  — ( Continued ) 


Wt. 

%  B 

V2b 

99) 

0 

00 

113 

13 

73 

123 

.8 

40 

78 

141 

.6 

58 

60 

151 

.5 

100 

00 

166 

.9 

(141 

) 

Wt. 

%  B 

Vo 

¥>10 

<P20 

0 

00 

74.1 

88 

2 

103 

2 

22 

37 

83.6 

100 

.0 

117 

6 

43 

79 

91.9 

110 

.  1 

128 

9 

67 

71 

100.6 

120 

2 

141 

4 

100 

00 

110.8 

131 

.5 

154 

1 

Wt. 

7c  B 

¥>3o 

<£>4U 

<£>50 

0 

00 

118.9 

135. 

1 

153 

0 

22 

.37 

136.2 

156. 

0 

176 

7 

43 

.79 

149.0 

17 

1. 

5 

194 

9 

67 

.71 

163.4 

186. 

6 

211 

4 

100 

.00 

178.0 

203. 

1 

228 

8 

Wt. 

%  B 

Voo 

<£>70 

0 

.00 

171 

5 

191.0 

22 

.37 

198. 

8 

43 

.79 

219. 

3 

243.3 

67 

.71 

237. 

0 

263.9 

100 

.00 

256. 

1 

284 . 9 

B  =  CioHs,  Naphthalene;  for 
data  from  15  to  31°C,  v.  (74,1). 


cs2 

B  =  CHSI  (I44) 


Wt.  %  A 

¥>o 

<£>io 

<£>20 

0.00 

168.3 

186.6 

205.3 

21.60 

193.1 

211.4 

230 . 9 

38.81 

207 . 5 

225.7 

243.9 

48.11 

213.2 

248.1 

68.81 

222  7 

242.1 

261.8 

82.39 

228.3 

248 . 1 

268.1 

100.00 

232.8 

253 . 0 

272.5 

Wt.  %  A 

V  30 

Vio 

0.00 

224. 

8 

244.7 

21.60 

250. 

6 

271.0 

38.81 

263. 

2 

282.5 

48.11 

267. 

4 

285.7 

68.81 

280. 

1 

299.4 

82.39 

288. 

2 

309 . 6 

100.00 

293. 

5 

314.0 

B  =  C2H,;0,  Ethyl  alcohol  (27) 


Wt. 

%  B 

V2i 

0 

00 

273 

5 

18 

07 

203 

0 

26 

50 

182 

9 

30 

05 

176 

3 

47 

18 

150 

2 

60 

50 

131 

2 

67 

69 

118 

9 

74 

36 

110 

3 

80 

71 

104 

9 

83 

09 

105 

8 

100 

00 

89 

8 

B  =  C.,Hr,0,  Acetone  (43);  v. 
also  (15  7) 

M  %  B 

V-i3 

V-io 

VO 

0 

194 . 6 

202 . 0 

227 . 3 

40 

218.8 

226  2 

247.5 

60 

222 . 2 

24  1  . 5 

253 . 8 

80 

216.9 

228  3 

254 . 5 

100 

206.6 

222 . 2 

250 . 0 

M  %  B 

<£>  I  6 

<£>35 

0 

261 . 1 

301.2 

40 

277.8 

328.9 

80 

285.7 

339 . 0 

80 

292.4 

348.4 

100 

299.4 

359.7 

B  =  <NHs02, 

Ethyl  acetate 

(99) 

Wt.  %  B 

<£>25 

0.00 

279.3 

16.40 

272.5 

39.25 

257.1 

66.41 

240.4 

100.00 

216.5 

B  =  C4H10O,  Ethyl  ether  (") 

0.00 

279.3 

13.10 

295.9 

34 . 37 

326.8 

62.76 

371.7 

100.00 

434 . 8 

B  =  C„H„, 

Benzene  (") 

0.00 

279.3 

8.87 

266.0 

34.86 

224.2 

75.89 

183.8 

100.00 

166.9 

B  =  C;HS, 

Toluene  (") 

0.00 

279.3 

7.27 

270.3 

39 . 99 

239 . 8 

63.24 

213.2 

100.00 

184.8 

CHBr3 

B  =  CH40,  Methyl  alcohol 

(lit) 

M  A/1 

V20 

0.25 

162 

0.5 

156 

1.0 

143 

B  =  CLPLO,  Ethyl  alcohol 

(HO) 

0.25 

79.84 

0.5 

77.10 

1.0 

75.87 

B  =  CjHeO, 

Acetone  (11J) 

0.25 

286  0 

1.0 

246.0 

B  =  C.iHgO, 

Propyl  alcohol 

(lit) 

1.0 

44.2 

B  =  C,H,oO 

,  Ethyl  ether 

(lit) 

1  .0 

290.7 

B  = 

c»hi2o, 

Isoamyl  alcohol 

(l 

ii) 

M  A/1 

<£>20 

1.0 

24.59 

B  = 

C,,H,NO 

2,  Nitrobenzene 

(26) 

Wt. 

%  B 

¥>I0 

<£>76-6 

0 

00 

45.1 

99 . 1 

9 

68 

44.4 

103 . 7 

25 

85 

42.3 

106.2 

50 

08 

40.3 

110.6 

65 

83 

40.3 

113.5 

88 

39 

41.0 

117.0 

100 

00 

41.5 

117.3 

B 

=  C 

PL,  Benzene  f1 1 1 ) 

M  A/1 

vm 

1.0 

135.4 

CHCI3 

B 

=  C>HflO, 

Ethyl  alcohol 

(52) 

Wt. 

%  B 

C 

<£> 

0 

.0 

60.2 

250 . 6 

5 

.78 

58.5 

250.0 

10 

.05 

58.4 

247 . 5 

10 

.91 

58.5 

246.3 

24 

.02 

59.8 

227.3 

35 

.28 

61.5 

224.2 

44 

7 

63.5 

216.5 

56 

1 

66.4 

213.7 

68 

8 

69.8 

214.1 

83 

6 

73.4 

218.8 

100 

0 

7 

7.1 

226.2 

M  A/1 

V20 

(46,  no  | 

0.25 

102.3 

0.5 

102.6 

1.0 

105.4 

B 

=  c3h„o, 

Acetone  (157) 

B 

=  C 

,H„iO,  Ethyl  ether 

(Ml) 

Wt. 

%  B 

VO 

Vio 

0 

00 

142.9 

159.8 

15 

94 

147.5 

168.1 

40 

14 

17 

7.9 

204.5 

59 

80 

22 

7.2 

257.7 

79 

30 

285.7 

320.5 

100 

00 

349  6 

387 . 2 

Wt. 

%B 

V20 

¥>30 

0 

00 

17 

7.1 

195.7 

15 

94 

189.4 

211.9 

40 

14 

232 . 6 

261.8 

59 

80 

289 . 0 

322.6 

79 

30 

355.9 

393.7 

100 

00 

426 . 5 

471.7 

B 

=  C|H:>C1N,  Diethylam- 

monium  chloride 

(MO) 

M  B/l 

vn 

0.0 

1 

71.8 

0. 1 

165.3 

0.4 

149.7 

B  =  C4Hr..N203,  Diethylam- 
monium  nitrate  (,5°i  15i) 
0.  1  142  t 
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B  =  CeHsBr, 

(124, 

M  %  B 

0.00 

8.48 

23.54 

40.17 

64.69 

86 . 86 
100.00 

Iromohenzene 

125) 

V’o 

142.9 

133.0 

116.6 

98.5 

83.5 

72.5 

68.0 

B  =  CcHr„ 

Benzene  (") 

Wt.  %  B 

<Pli 

0.00 

185.2 

6.97 

183.2 

23.01 

179.5 

72.78 

172.1 

85.83 

170.4 

100.00 

166.9 

50  Wt.  %  B  (i°2) 

°C 

f> 

0 

127.2 

25 

176.2 

40 

210.5 

55 

241.8 

70 

275.9 

B  =  CioHn,  Tctrahydronaph- 
thalene;  for  data  at  2U°C,  t\ 
(152.2). 

B  =  Ci,H,20,  Anethole;  for 
data  at  20°C.  r.  HS2.2). 

B  =  C|0Hi,ClN,  Diisoamyl- 
ammonium  chloride  (150>  1SI) 

-=  100,0  for  M  B  1 

B  =  CuHujO,  Phenyl  ether 

<12  4,  125) 

M  %  B 
0.00 
18.30 


B  =  Cr,Hi2,  Cyclohexane;  for 
data  at  20°C,  v.  (152,2  )• 

B  =  CcHioClN,  Triethyl- 
ammonium  chloride  (ls0) 


M  B/l 

^25 

0.1 

163.4 

0.2 

159.2 

B  =  CgHgO, 

Acetophenone 

(126) 

M  %  B 

<P26 

0.00 

181.8 

9.92 

152.7 

33.70 

109.3 

50.10 

90.3 

71.25 

74.0 

88.75 

65.4 

100.00 

60 . 8 

B  =  CsHioO, 

Phenetole  (126) 

M  %  B 

0.00 

142.9 

9.09 

123.8 

32.38 

96.2 

48.18 

84.5 

80.09 

62.4 

100.00 

53.1 

B  C»H  BrN,  T<  ( r  ethj  1- 

ammonium 

bromide  (151) 

Wt.  %  B 

*Pii 

0.00 

173.6 

6.12 

101.8 

7.48 

92  4 

B  =  CsHjoCIN,  Tetraethyl- 
ammonium  chloride  (150»  151 
=  150.7  for  M  B  '  ^  01- 

B  =  Ci,-H8,  Naphthalene;  for 
data  from  0  to  20  <  ■  741  _ 


43.04 

UN  til 
100.00 


<f>  n 
186.9 
120.5 
71 .9 
45.0 
27.3 


B  ChHjoNjO,  Caraphorqui- 
none  a-  (jS-)phenylhydra- 
zone  (137) 

M  B/kg  j  yi4.7 

0.25  I  157.9(d) 

0.25  150.7  (a) 

CHX1-. 

Methylene  chloride 
B  =  CaHfiO,  Acetone  (126) 


M  %  B 
0.00 
12.76 
42.35 
60.46 
81.12 
92.27 
100.00 


¥>o 

184.2 
186.9 

198.4 

210.5 

226 . 2 
239 . 2 
250 . 0 


CH20, 

Formic  acid 
B  =  CHr.NO,  Form 

(i°3) 


M  %  B 
0.00 
10.00 
20.05 
30. 15 
40 . 00 
50.02 
60.01 
70.00 
80.01 
90.00 
100 . 00 


<P15 

62.5 

51.4 

43.2 

39.1 

35.1 

32.7 

31.3 

30.4 

30.2 
29.9 

29.8 


amide 

^40 

83.3 
70.0 

59.3 

54.1 

48.4 
44.8 
43.3 
42.7 

42.5 

42.2 
42.0 


B  =  CHiNO,,  Ammonium 
formate  (134) 

M  B/l 
0.00 
0 . 05978 
0.1422 
0.2868 
0.3207 
0.3676 
0.5221 
0.8290 
0.8847 


<p  it 

61  7 
59  5 
57.3 
53.8 
53  0 
52.0 
48  5 

IS  s 

41  3 


B  C;H  ,0 

,  Ac 

'otic 

»cid  21  1 

B  C  H.O 

Propionn 

acid  103 

wt. c;  B 

SPlI 

^11 

M  %  B 

•fib 

V  4« 

0 

50 

9 

63  6 

0.0 

29  8 

42  0 

10 

50 

8 

63.2 

2  40 

2t>  l 

28  2 

20 

50 

0 

62.2 

«s  99 

17  9 

22  3 

30 

49 

7 

62.2 

18  85 

14  4 

40 

50 

i 

63.0 

26  62 

13  9 

21 .2 

50 

51 

5 

63.9 

40  13 

14  3 

22  1 

60 

53 

i 

66.4 

50  24 

15  4 

24.0 

70 

55 

8 

68 . 4 

60  21 

17  6 

28 . 2 

80 

58 

.8 

71.9 

70  08 

22  5 

34  8 

90 

64 

o 

77.8 

80.51 

29  7 

4  1  8 

100 

70 

9 

85.2 

89 . 98 

40  5 

65  8 

Wt.  %  B 

<Pll  (5S) 

100.00 

96  6 

1  18  6 

0.0 

46.8 

15  C  H,0,  Propyl  alcohol  45 

22.7 

44.8 

Wt.  % 

B 

^14 

50 . 0 
68.7 
100.0 


43 

41 

39 


B  =  C;H  NO..,  Aniline 
formate  (,34) 

M  B/l 
0.08122 


0.1587 
0.3316 
0 . 4070 
0 . 6276 
1  0410 


Til 

58.7 
56 . 3 
51.5 
50.0 

44 . 8 
36  5 


CH  NO 

Form  amide 

B  =  CH  .NOj,  Ammonium 
formate  (63) 


M  B/l  1 

^14 

•fib 

0.0 

22 

8 

30 

0 

157  9 

0. 1 

22 

2 

29 

4 

36.8 

0.25 

21 

i 

28 

2 

35  4 

u 

II 

,0-.> 

Acetic 

icid  t 1 03 

M  %  B 

V*  40 

0.0 

29 

8 

42.0 

9.62 

26 

1 

38.6 

20  39 

24 

1 

34.5 

29  74 

23 

2 

34.4 

40.56 

23 

0 

34.4 

49.82 

23 

1 

35  8 

59 . 89 

25 

.9 

38.6 

69 . 42 

28 

.  7 

42.3 

78 . 95 

35 

.0 

49 . 3 

89.10 

50 

0 

68  4 

100  00 

78 

1 

101  3 

B  =  CjHnO,  Ethyl  alcohol  (103 


M  r 

;  b 

0 

00 

29. 

8 

42. 

0 

10 

00 

32. 

7 

46 

0 

18 

92 

35 

9 

50 

3 

29 

76 

39 

8 

55 

6 

39 

29 

44 

3 

61 

6 

50 

09 

49 

7 

68 

3 

59 

29 

55 

i 

75 

8 

69 

86 

0 

87 

3 

80 

09 

72 

i 

98 

4 

89 

95 

81 

4 

109 

•> 

100 

00 

92 

1 

121 

8 

V. 

(llxo 

p.  31, 

A  *  LiNOi 

0  00 
11  23 
20  67 
29  94 
39  '.Hi 
49.99 
59  99 
69  99 
79  97 
90  03 
•.il  55 
100  00 


30  3 
30  6 
30  9 

32  0 

33  5 
35  8 
38  1 
41.7 
45.0 

50  3 

51  7 
51  9 


B  =  C4H,02,  n-Butyric 
(l°3) 


acid 


M  7c  B 

<Fli 

*fu> 

0.00 

29.8 

42  0 

4.90 

20.0 

30  7 

14.30 

13.6 

20.9 

20.10 

11.7 

18.0 

29 . 89 

10.9 

17  2 

40.04 

10.7 

17  2 

49.73 

11.9 

18.6 

59  69 

14.1 

22.4 

69.87 

19.1 

28 . 9 

79  56 

28  3 

39.0 

89.57 

42  9 

57.7 

100.00 

64.3 

81  5 

C,H,0O,  Isobutvl  alcohol 

(42) 


Wt. 

10. 

19 

30 

39 

49 

59 

69 

80 

89 

95 

100 


B 


09 

95 
00 
81 
98 
88 
84 
02 

96 
DO 
00 


fit 

28.7 

27  1 
26  6 

25  9 

26  2 
37  1 

28  1 
30.2 
31  N 
.11  '• 
29  7 


B  C.HuCIN,  Tetramethyl- 
ammonium  chloride  i23>  ®4) 


M 

B/l 

(Pn  I 

<PU 

fib 

0 

0 

23. 

4 

31.3 

39 

s 

0 

1 

22 

8 

30.2 

38 

4 

0 

25 

22 

2 

29.2 

37 

3 

0 

5 

20 

9 

28  0 

8 

34 
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CH.tNO.  -( Continued ) 


B  - 

cb 

H;,N, 

Pyridine 

(33) 

Wt. 

% 

B 

<^26 

82 

88 

73 

.3 

88 

90 

86 

2 

92 

23 

94 

0 

B  =  C 

H 

.20, 

Isoamyl 

alcohol 

(26) 

Wt.  % 

B 

<Po 

¥>76 

6 

0.00 

13 

.24 

79 

7 

10.38 

11 

.66 

77 

4 

30. 14 

9 

.40 

75 

7 

49.84 

9 

.00 

76 

3 

69.92 

10 

.08 

84 

9 

90.01 

11 

.96 

99 

5 

97.18 

11 

.79 

103 

5 

100.00 

11 

.32 

105 

2 

wt.  % 

B 

(42) 

¥>26 

10 

01 

28 

.03 

19. 

94 

26 

32 

29. 

98 

24 

56 

39. 

95 

23 

52 

50 

01 

23 

40 

60. 

00 

23 

96 

69. 

98 

25 

04 

79. 

95 

26 

33 

00 

92 

27 

11 

89. 

86 

28 

00 

95 

01 

27 

94 

100. 

00 

26 

33 

B  =  ChH2oNI,  Tetraethylam- 
monium  iodide  (23>  64) 


M  B/l 

¥>16 

<P2b 

¥>36 

0.0 

23.3 

30.7 

39.0 

0.1 

22.6 

30.0 

38.4 

0.25 

21.9 

28.7 

37.2 

0.5 

20  5 

27.6 

35.7 

ch4n2o 


Urea 

B  =  CH40,  Methyl  alcohol 
(I43) 


K  A/kg  B 

¥>26 

<P  40 

0.0 

181.1 

224.2 

8.693 

176.5 

219.4 

15.67 

173.3 

214.5 

29.86 

167.6 

207.5 

43.35 

161.7 

201.5 

61.10 

155.4 

194.0 

91.54 

149.5 

182.1 

B  =  CH6N,  Methvlamine 


(48) 

M  A/1 

¥>o 

0.93 

326.2 

1.75 

253.2 

3 . 33 

156.8 

B  =  C2Hr,0,  Ethyl  alcohol 
(143);  cf.  (51.5) 


M  %  B 

¥26 

¥  60 

95 . 465 

80.5 

128.8 

96.934 

83.7 

132.7 

98.588 

87.7 

137.0 

99.266 

89.2 

139.6 

100.000 

91.1 

142.1 

B  = 

C>Hr,0. 

—  ( Continued ) 

M  %  B 

¥•10 

95 

352 

104 

2 

96 

335 

107 

2 

97 

083 

109 

6 

98 

197 

113 

1 

98 

917 

1  15 

6 

99 

339 

117 

1 

99 

630 

118 

6 

100 

000 

119 

3 

B  = 

C,H,N, 

Pyridine 

(33) 

Wt. 

%  B 

<P2b 

99 

09 

106 

5 

CH,N2S 

Thiourea 


B  =  C6H6N,  Pyridine  (33) 


87.43 

49.5 

94.48 

79.9 

ch4o 

Methyl  alcohol 
B  =  C2Hf,I,  Ethyl  iodide 
(14S)  ' 


Wt.  %  B 

¥20 

0.0 

167.4 

31.3 

164.8 

73.2 

158.2 

100.0 

154.8 

For  data  at  20,  35,  and  45° 

(157). 

B  =  C,HcO,  Ethyl  alcohol 

(55) 

Wt.  %  B 

¥26 

0.00 

177.9 

8.75 

170.6 

15.23 

165.3 

19.31 

161.9 

58.98 

126.8 

89.6 

101.6 

95.63 

95.5 

100.00 

91.6 

Wt.  %  B 

Vol.  % 

<P2b 

y>36 

(18) 

B, 

25°C 

0.00 

0  0 

182.4 

209.9 

26.16 

26 . 23 

156 . 6 

181.1 

49 . 60 

49.78 

135.6 

157.4 

73.85 

74.15 

113.6 

134.0 

100.00 

100.0 

91.0 

109.1 

Wt.  %  B 

<P4b 

<Pbb 

<£>65 

0.00 

238.0 

269.5 

26.16 

207.9 

236.3 

49.60 

182.4 

210.1 

241.2 

73.85 

157.3 

183.2 

100.00 

130.6 

155.0 

181.5 

v.  also 

p.  31, 

A  =  KCNS 

B  =  CjHcO,  Acetone  (61>  66 

Vol.  %  B 

<Po 

¥>25 

0 

116.7 

171.6 

25 

136.2 

193.2 

50 

167.8 

231.0 

75 

212.3 

270. 1 

100 

233.2 

288.9 

v.  also 

p.  31,  A 

=  LiBr 

B  =  C-,H80, 

Propyl  alcohol 

(55) 

Wt.  %  B 

(p2b 

0.0 

177.9 

11.1 

164.5 

23.8 

140.9 

65.2 

93.1 

91.8 

61  1 

93 . 75 

56.4 

96.6 

54.2 

100.0 

52.2 

B  =  C3H803,  Glycerol 

v.  p.  30,  A 

=  NH.,Br  and 

A  =  CoCl2. 

B  =  C4H4O.1,  Acetylenedi- 

carboxylic  acid  (60) 

3.70 

165.5 

7.20 

148.1 

B  =  (LILCR,  Fumarie  acid 

(60); 

cf.  (137) 

3.35 

166.0 

8.15 

143.1 

B  =  CbH.CL,  Maleic  acid  G3?) 

B  =  CTLCB,  Succinic  acid  (60) 

Wt.  %  B 

<P26 

0.00 

181.5 

3.62 

165.9 

5.96 

152.3 

10.08 

135 . 6 

II 

O 

w 

0 

p 

Ethyl  ether  (5) 

0.00 

181.6 

23.12 

211.2 

35.07 

232.7 

47.40 

260.0 

60.23 

296.0 

73.08 

338.6 

86.33 

391.7 

100.00 

442.5 

y26  -  260.1  at  50  Vol.  %  B  (6). 

B  =  C5HcO„ 

Citraconic  acid 

G37) 

B  =  C;,H6(L, 

Mesaconic  acid 

(137) 

B  =  CelLNO 

2,  Nitrobenzene 

(47) 

Vol.  %  B 

<p2b 

0 

178.3 

25 

147.8 

50 

116.7 

75 

87.3 

100 

55.2 

B  =  Cr,H6,  Benzene 


Vol.  %  B 

¥>26  (17) 

¥>26  (48) 

0 

178.4 

178.4 

25 

177.3 

177.2 

50 

176.0 

176.0 

75 

174.7 

174.7 

100 

173.7 

173.7 

Wt.  %  B 

°C  (46)  * 

¥> 

0.00 

63.7 

306.7 

18. 14 

59.9 

288.2 

31.60 

58.2 

282.5 

41.60 

57.6 

278.6 

B  =  CfHfl. — ( Continued ) 


Wt,  %  B 

°C  (46)* 

¥> 

50. 1 

57.4 

278.6 

63 . 3 

57.2 

277 . 0 

70.4 

57.3 

277.8 

78.5 

57.6 

276.2 

90.4 

59.0 

276.2 

91.9 

59.6 

278.6 

100.0 

79.3 

315  5 

*  Paper  also  contains  density  data 


B  =  C7HsO,  Anisole  (5) 

Vol.  %  B 

¥>26 

50 

141.8  (6) 

Wt.  %  B 

<P2b 

0.00 

180.5 

15.11 

170.5 

29.40 

160.6 

42.91 

151.0 

55 . 60 

141.4 

67.62 

130.5 

79.00 

123.5 

89.73 

112.9 

100.00 

99.0 

B  =  C8H10O, 

Phenetole  (5) 

0.00 

180 . 6 

14.83 

167.9 

28.93 

156.1 

42.24 

143.8 

54.88 

132 . 1 

67.00 

122.6 

78.57 

111.9 

100.00 

87.6 

B  =  CcJLOj, 

Phenylpropiolic 

acid  (60) 

5.21 

163.5 

10.35 

147.3 

B  =  C9H802, 

Cinnamic  acid 

(6°) 

6.25 

157.8 

9.24 

151.0 

11.06 

143.7 

B  =  C9H111O2,  /3-Phenylpro- 

pionic 

icid  (60) 

4 . 66 

167.5 

9.32 

151.8 

B  =  CkiHjO,  a-Naphthol;  for 

data  at  20°C,  v.  (152.2). 

B  =  Ci0H12,  1,2,3,4-Tetrahy- 

dronaphthalene  (59) 

0.00 

178.3 

5.10 

170.7 

14.15 

160.6 

23.79 

148.9 

(50.6) 

110.4 

B  =  CmH.oO 

2,  Benzil  (143) 

g  B/kg  A 

<Plb 

0.00 

158.9 

10.94 

156.0 

18.89 

154.3 

31.12 

151.8 

42.93 

150.1 

FLUIDITY— NON- AQUEOUS  SOLUTIONS:  A  =  CH,  TO  C,H 


35 


B  =  CuHioOj. — 


e  B/kK  A 

*40 

10.74 

219.7 

20  10 

216.3 

33.37 

211.6 

54  77 

204.9 

CH  N 


Methylaminc 

B  =  C,HsN304,  L  2,  4-Dini- 


troanilinc  ' 48 ) 


M  B/l 

0. 161 

390.6 

0.240 

371.3 

0.356 

339.1 

0.512 

312.1 

0.666 

282.0 

B  =  CtH.NO  S,  to- M ethoxy- 

benzenesulfonamide  (48) 

1.27 

177 . 6 

1.35 

175.5 

2.01 

90.2 

3.76 

8  01 

B  =  CuHijO 

U)  Sucrose  (  48  1 

0.97 

29 . 65 

1 .44 

2.24 

C0HCI3 

Trichloroethylene 
B  =  C.HCh,  Pentachloro- 


ethane  (55>  58 


Wt.  r'o  A 

<P2b 

0.0 

46.1 

17.9 

69.5 

30.4 

86.3 

46 . 5 

105.3 

63 . 5 

130.7 

77 . 7 

150.8 

100.0 

182 . 2 

C:HC1,0 


Chloral 


B  =  CjHijO,  Ethyl  alcohol  (82  i 


Wt.  A 
0.0 
26  .24 
36  16 
44  46 
51.63 
57. 85 
68.10 
70.29 
72.37 
74.34 

75.47 

76.20 
79.65 

82.76 

88.20 

90 . 48 

92 . 76 
96.64 

100.0 


125.6 
88.8 
71  1 
57.0 
45.45 

35 . 90 
24  67 
22 . 98 
21  59 
21  01 
21.26 

21.91 
25 . 40 
80  20 
44.29 
50.61 
56  98 
74.02 
99.11 


*  46 

138.9 

97.0 

78.7 

63.7 
51.2 
42.03 

29.7 

27.93 
26.54 

25.93 
26  40 

27.23 

31.24 
36  54 
50.28 
58.00 
64 . 85 
82.03 

107.07 


Wt.  %  A 
0.0 
26.24 
36.16 


*60 

152.21 
ion  :>o 
87  64 


*w 

179.9 

126.74 

105.71 


B  =  C.H.O. — (Continued 


Wt.  « i  \ 

*10 

44  46 

71  58 

88.42 

51  63 

58  75 

71  71 

57 . 85 

48.2 

62.7 

68  10 

35.1 

47.2 

70.29 

33.3 

44.9 

72.37 

31 .8 

43.9 

74.34 

31.2 

43.2 

75 . 47 

31.8 

43.4 

76  20 

32.6 

45  1 

79  65 

37.0 

48.9 

82 . 76 

41  8 

54  5 

88.20 

56.9 

70.2 

90.48 

65.4 

79.9 

92.76 

72.5 

86.8 

96.64 

89.3 

104.1 

100.0 

115.1 

128.4 

Wt.  %  A 

*>70 

*ii 

0.0 

206.2 

26.24 

151.7 

209.6 

36.16 

128  2 

173.6 

44.46 

107.6 

144.9 

51.63 

92.4 

123.9 

57.85 

79.2 

108.5 

68. 10 

62.5 

90  5 

70.29 

57.4 

86.0 

72.37 

58.2 

84.0 

74.34 

58.6 

84.3 

75.47 

58.6 

85  5 

76.20 

59.5 

85.6 

79.65 

63.8 

90.8 

82.76 

69.0 

97.9 

88.20 

85.9 

119.3 

90.48 

96.1 

i  125.0 

92.76 

103.5 

i  135  3 

96.64 

120.9 

100.0 

j  147.7 

179  5 

°C 

1  <p 

(82,  83 

74.3  Wt.  A 

40 

21  02 

45 

25 . 95 

50  Wt,  %  A 

50 

31.24 

60 

43.20 

70 

58  65 

S5 

84.32 

M  A/1 

*»  (1,0> 

0  25 

74.9 

0.5 

69.7 

1  0 

62.3 

B  -  C»H„0,  lert.-Amyl 
alcohol  (38) 


M  r;  B 

*■»» 

*>40 

*40 

0 

79.18 

99.11 

123.6 

10 

51.50 

61.24 

76.3 

20 

34  14 

49  61 

62.5 

25 

26.17 

41.44 

54.7 

30 

19.93 

33 . 79 

47.3 

40 

13.53 

26  7" 

39.4 

45 

11.75 

24.71 

37.3 

50 

1 1  12 

23.66 

37.9 

52  5 

11.13 

23  62 

35.6 

55 

11.24 

23  85 

35  S 

57.5 

11.35 

i  24.02 

36  3 

60 

11.66 

1  24  61 

|  38.1 

B  =  CiHnO. — (Continued 


M  %  B  1 

ifu  4( 

^50 

70 

14.53  28 

55  42  9 

80 

19.27  36. 

42  52  4 

90 

26.26  46 

69  66  1 

100 

27.05|  50 

6d|  71  4 

M  r;  B 

^70 

v>* 

0 

1  17  7 

181  5 

10 

112.2 

142.6 

20 

96  1 

125  3 

25 

91  l 

30 

88.3 

40 

77.9 

111  4 

45 

74  3 

109  8 

50 

53.1 

108  1 

52.5 

72.0 

107  8 

55 

71  9 

107.8 

57.5 

72.5 

106.6 

60 

75.0 

107.6 

70 

81  8 

119  5 

80 

96  0 

136.4 

90 

113  5 

177.9 

100 

125.3 

174.5 

CHC1,0 

2 

Trichloroacetic  acid 


C5H40i,  Acetic  acid  (70 

M  ' ,  A 

^*14 

0.00 

89.2 

7.37 

65 . 3 

17.77 

44.9 

32.09 

29 . 74 

43 . 48 

23.00 

52.62 

19  32 

58 . 53 

17  06 

65.81 

14  59 

100  00 

(14  64) 

B  =  C3H„0 

Acetone  (70) 

M  1 ,  B 

*j» 

0  00 

(14 .6) 

28.25 

17.2 

40.29 

26.1 

49  52 

38.9 

61.74 

69.8 

74  57 

122.6 

86 . 84 

206.0 

95.16 

271.7 

100.00 

326  3 

B  =  C,H,0„  Ethyl  acetate 

(70) 


0.00 

(14.64) 

29 . 92 

21.23 

38  58 

28.84 

51.22 

45.95 

61.54 

69.0 

71.93 

99.9 

81.60 

136.8 

88.82 

170  2 

100  00 

236  0 

B  -  C.H.O, 

Acetophenone 

(70) 

0.00 

(14  64) 

31  85 

8  97 

42.06 

10  72 

51  M 

13  58 

59  10 

18  05 

B  =  C,H,0. 
M  Uc  B 

70  61 

78  79 

86  00 

91  M4 

100  (X) 

— (Continued^ 

*» 

26  78 

34  12 

41  64 

47  35 

59  49 

B  C«H,oO,  Ethyl  ether  146 

Wt.  %  B 

25 . 40 

34  IK) 

37  37 

70  13 

57  24 

164  2 

68.82 

225  5 

82  37 

306  6 

100.00 

417  9 

n 

« 

X 

o 

Ethyl  benzoate 

(70) 

M  %  B 

*i» 

0  (X) 

(14  64) 

32  42 

11  94 

42  05 

14.15 

50.93 

17.10 

60.18 

21.69 

68.75 

26  94 

79  04 

34  13 

91  13 

43  03 

100  00 

50  46 

CjHCls 

Pentachloroethane 
B  =  CjHjO,  Acetone  <126) 


0.00 

44  3 

14.76 

51  8 

31 .78 

65.8 

51.03 

89.3 

70.37 

143.9 

90.68 

239  8 

100  (X) 

320  5 

B  =  C4H,oO,  Ethyl  ether  (*26) 

M  Uc  B 

0.00 

26  8 

13.03 

34  0 

30.47 

48.7 

49  68 

77  4 

74.73 

158  7 

85 . 76 

224  2 

100  00 

347.2 

B  -  C»H,0, 

Acetophenone 

(126) 

M  %  B 

<pu 

0.00 

44.3 

11.63 

42.7 

32  95 

42.4 

53  38 

44  3 

73  13 

49  3 

89  74 

55  6 

1(X)  00 

60  8 

B  -  C,H,«0, 

Phenetole  (**•! 

0  00 

44  3 

9  71 

47  6 

22  14 

52  1 

48  95 

62.2 

67  98 

71  8 

90  30 

82.9 

100  00 

89  1 

36 
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CNHClf,. —  (Continued) 


B  =  C12Hi0O,  Phenyl  ether 
(i 26) 


M  %  B 

V2b 

0.00 

44.3 

26.42 

37.9 

51 .09 

33.7 

70.11 

29.8 

100.00 

27.3 

C2H2C14 

1  1  2,  2-Tetrachloroethane 

B  =  CsHcO, 

Acetone  (i26) 

M  %  B 

Vo 

0.00 

36.1 

15.92 

43.9 

58 . 07 

80.6? 

73 . 08 

116.2 

81 .30 

143.9 

97.28 

229.4 

100.00 

250 

B  =  C4HuiO,  Ethyl  ether  (126) 

0.00 

36.1 

21.15 

54.3 

47.99 

88.5 

69.81 

147.7 

82.68 

198.8? 

94.01 

296.7 

100.00 

347.2 

B  =  C,H5NO 

2,  Nitrobenzene 

(26) 


Wt.  %  B 

Vb 

V 76.  5 

0.00 

43.6 

129.0 

10.00 

39.4 

121.4 

30.05 

34.2 

117.1 

48 . 33 

33.3 

111.8 

69.26 

34.4 

113.5 

89.64 

36.0 

100 . 00 

37.1 

117.0 

B  =  CsH80,  Acetophenone 
(126) 


M  %  B 

V2b 

0.00 

119.3 

12.55 

112.0 

32.15 

97.8 

53.97 

83.5 

73.29 

72.4 

91.42 

64.3 

100.00 

60.8 

Wt.  %  B 

PI0  (26) 

0.00 

48.5 

10. 19 

42.4 

30.07 

36.0 

50.00 

35.2 

70.01 

37.6 

90.00 

41.6 

100.00 

44. G 

Wt.  %  B 

¥>80  (26) 

0.00 

131.1 

10.02 

126.7 

31.20 

119.6 

69.93 

123.6 

89.74 

132.3 

100.00 

136.2 

B  =  CsII.oO,  Phenetole  (123< 


M  %  B 

Vo 

0.00 

36  1 

21.76 

39.2 

51.67 

41.5 

62 . 80 

44.0 

78 . 37 

47.6 

100.00 

53.1 

Cl  I  N 

Acetonitrile 


B  =  C5H5N, 

Pyridine  (123) 

Vol.  %  B 

V2b 

0.0 

278 . 6 

66  7 

172.1 

C2H4Br2 

Ethylene  bromide 
B  =  C3H(Br2,  1,  2-Dibromo- 
propane;  for  data  at  17,  40, 
and  85°C,  t>.  (157). 


B  =  Ci2H1s08,  Diethyl  di- 
acetyltartrate  (132) 


Wt. 

% 

¥>67-3 

V  8 

2-2 

¥’99 

B 

0 

00 

108 

5 

133 

3 

154 

3 

8. 

43 

76 

6? 

94 

5? 

108 

6? 

21 

62 

96 

0? 

119 

8? 

153 

6? 

53. 

79 

28 

02? 

42 

14? 

58 

7? 

76 

58 

23 

26 

36 

32 

56 

5 

92. 

34 

14 

24 

24 

41 

40 

96 

100.00 

11 

17 

18 

17 

32 

0 

C2H4C12 

Ethylene  chloride 
B  =  CbH6,  Benzene  (43);  cf. 


also  (15  7) 


M  %  B 

¥>0 

¥719- 4 

¥750 

0 

92 

9 

125 

0 

177 

0 

30 

107 

2 

144 

9 

203 

3 

50 

115 

2 

155 

0 

219 

8 

70 

119 

8 

161 

3 

229 

9 

80 

119 

5 

162 

6 

233 

6 

90 

118 

7 

162 

6 

237 

0 

100 

117 

7 

161 

6 

239 

2 

B  =  C8HsO,  Acetophenone 


(126) 

M  %  B 

¥726 

0.00 

129.7 

30.58 

100.7 

64.19 

77.9 

88.82 

65.3 

100.00 

60.8 

C,H,0 


Acetaldehyde 

B  =  C2Hr.O,  Ethyl  alcohol 
(97) 


Wt.  %  A 

¥>0 

0.0 

56.5 

15.1 

48.1 

25.2 

41.6 

30.1 

40.0 

34.4 

38.3 

37.1 

37.8 

40.8 

38.55 

44.2 

40.55 

B  =  CTLO. 

(Contin  ued) 

B  =  C4Hs02. 

— ( Continued ) 

wt.  % 

A 

Vo 

M  %  B 

¥’11 

47  7 

40. 

1 

50 

53.8 

49.  1 

40. 

8 

66  67 

58.6 

53 .  1 

15 

9 

100 

71.4 

55  8 

49 

3 

B  =  CiHsOi, 

Ethvl  acetate 

58 . 6 

55 . 

6 

(7°) 

65  7 

SI 

2 

M  %  B 

¥>26 

70.0 

103. 

2 

0 . 00 

89 . 2 

83.0 

194. 

6 

12.58 

106.0 

100.0 

365. 

0 

19.89 

1 16.4 

Wt.  % 

A 

V  19 

30.  12 

130.4 

0  00 

80 

6 

40.04 

145.1 

10.01 

72 

7 

50.  15 

158.9 

20 . 80 

67. 

2 

60. 10 

1 

73 . 5 

21 .61 

67. 

0 

69.63 

187.6 

30 . 58 

64 . 

8 

79.30 

202 . 0 

36 . 36 

64. 

6 

89.51 

217.9 

42.01 

68. 

1 

100.00 

236 . 0 

52  04 

82. 

3 

6 1 . 56 

120 

3 

B  =  C4H 

u,0,  Ethyl  ether  0  46) 

74.10 

193. 

1 

Wt.  %  B 

Vis 

81.09 

248. 

8 

0.00 

71.7 

100.00 

411  . 

5 

11.55 

84.2 

lo .  10 

1 . 4 

C2H.1O2 

30.96 

128.1 

Acetic  acid 

40.37 

156.0 

B  =  C3H60, 

Acetone  (70) 

50.64 

185.9 

M  %  B 

<P2 

72.91 

284.0 

0.00 

89. 

2 

100.00 

417.9 

9  63 

96. 

5 

B  =  CLH.,N. 

Pyridine  (43) 

19.85 

108. 

5 

M  %  B 

Vis. 4 

¥’40 

30.32 

124 

6 

0 

74 

.  1 

10.0 

40.27 

143 

0 

15 

16 

.64 

35.1 

50  14 

164. 

0 

17.5 

16 

.3 

34.1 

59.51 

186. 

9 

20 

17 

.2 

34.4 

69.75 

215. 

/ 

50 

35 

.3 

59.5 

79.65 

247. 

1 

100 

83 

.3 

125.0 

90.04 

286. 

0 

M  %  B 

<£*70 

^99 

100.00 

326 

3 

0 

166.7 

232.6 

M  %  B 

¥0  (43) 

¥is(43) 

¥>42  (43) 

15 

69.9 

120.5 

0 

42.02 

7 

1  8 

99.7 

17.5 

69.0 

113.0 

30 

76.1 

106.8 

145.8 

20 

69.9 

111.1 

60 

122.1 

171.5 

212  s 

50 

100.0 

133.3 

100 

250.0 

285.7 

357 .  1 

100 

181.8 

243.9 

50  Wt. 

Vo  B  (102) 

M  %  B 

¥20  (145) 

¥> 

0.0 

77.8 

0 

104. 

1 

10.4 

22.6 

25 

150. 

1 

22.05 

19.85 

40 

187. 

6 

38.3 

33.1 

55 

219. 

7 

40.1 

34.6 

70 

250 

8 

48  1 

45  7 

B  =  C4H603,  Acetic  anhy- 

57.9 

56.75 

dride  (26) 

73.8 

77 . 6 

Wt.  %  B 

<P15 

^76.6 

100.0 

107.2 

0.00 

75. 

0 

1 

77.5 

Wt.  %  B 

¥’25  0  20) 

9.97 

75. 

9 

181.0 

0.000 

90.1 

30 . 07 

84. 

4 

191.4 

0.541 

86.2 

49.97 

88. 

2 

200.6 

0.985 

82.0 

69.95 

94. 

6 

206.8 

3.23 

62.1 

89.95 

99. 

4 

215.6 

8  97 

36.0 

100.00 

102. 

1 

216.6 

13.22 

28.7 

B  =  C4Hs02) 

Isobutyric  acid 

17  08 

25.0 

(78) 

22.52 

26.0 

M  %  B 

^>11 

29.00 

26.4 

33  34 

59. 

0 

100.00 

112.5 

C7 

/£> 

nal 

1  5 

,  B 

N, 

<e 

74 

13 

s 

I 

4 

4 

5 

8 

27 

% : 

tni 

(43 

)  0 

5  2 


I  IDITV— NOX-AQl  EOl'S  SOU  TIONS:  A  C’-H  TO  C,H, 


B  = 

C  H  N. 

(Contin 

t  ted) 

51  % 

B 

^100 

(43  | 

(43) 

1  l 

25 

4  64 

29  7 

117  7 

30 

4  43 

28.3 

1 20  5 

40 

5.12 

31  1 

125  o 

GO 

11.40 

44.8 

1 12  9 

80 

21.7 

57 . 5 

1615  7 

1(M) 

30  5 

6G  7 

192.3 

i  =  C«HuOj,  Bar 

ildehyde  05) 

K  B/l 

yu 

0.00 

76  0 

3  42 

75.9 

17.09 

75 . 7 

47.73 

74.3 

85  34 

72.5 

238  63 

67 . 7 

426  73 

65 . 7 

707.8 

67.4 

883.7 

71.7 

984.8 

74 . 6 

990.5 

76 . 0 

K  B/l 

<fi0 

0.00 

82.0 

5.49 

82  0 

9.38 

81.9 

27.44 

81.5 

46  90 

81.2 

85.34 

80.6 

137.20 

80.3 

234.51 

79.9 

426.73 

79.4 

711.4 

79.7 

938.1 

80.3 

972.9 

82.2 

983.3 

82.8 

989 . 3 

83.3 

994.8 

84  9 

B  =  C„H,0,  Acetophenone  (70 

M  %  B 

^24 

0.00 

89.21 

9.87 

77.34 

19.98 

70.42 

30.02 

65.62 

39.97 

62.58 

51.15 

59 . 95 

57.47 

58.72 

70.65 

57.41 

78.93 

57.02 

90  02 

57 . 45 

100  00 

59  49 

B  C.HioOj, 

Ethyl  benzoate 

(70) 

M  %  B 

0.00 

89  2 

8.68 

83.2 

20  44 

75.6 

31  74 

69.2 

41.78 

65  0 

52.50 

60  6 

61  18 

57.9 

69  55 

56  6 

78.71 

53.4 

89  59 

51  3 

100  00 

50  5 

C.H  I 


Ethyl 

iodide 

B  =  C«HsO:, 

Ethyl  acetate 

(99) 

Wt.  r;  B 

•f  Ji 

0  00 

173.3 

21  80 

245 . 1 

67  43 

216.5 

100  0 

185.5 

For  data  at  IS,  35,  and  50  C, 

V.  (>57). 

B  =  C»H„,0,  Phenctole  (13<) 

M  %  B 

0.(M) 

137.9 

9.56 

129.0 

33  98 

105.4 

54.71 

86. 1 

73 . 85 

71.2 

90  89 

59  7 

CoHNO 

Acetamide 

B  =  CiFUN,  Pyridine  (33) 

Wt.  %  B 

83 . 73 

72.4 

91.49 

91 .9 

94  35 

99.5 

96.13 

101  3 

C,H60 

Ethyl  alcohol 

li  =  C  .H6S,  Iithylmercaptao 

(27) 


Wt.  %  B 

¥>is 

0.00 

89.5 

3.48 

95.4 

9.47 

102.8 

12.30 

107.5 

13.88 

114.2 

16.25 

119.3 

32 . 54 

153.2 

35.97 

163.4 

44.76 

171  .8 

68.05 

244.9 

100.00 

478.2 

B  =  CsH«0, 

Ally!  alcohol 

(110) 

M  B/l 

<P70 

0.25 

81.9 

0.5 

81.2 

1.0 

80.9 

2.0 

80  0 

4.0 

77 . 4 

B  =  CjHeO, 

Acetone  (,05); 

cf. 

(66) 

8  B/l 

0.000 

79.8 

4  809 

80.3 

7  375 

81.1 

19.239 

83.8 

36.876 

K8 . 7 

43  276 

89  6 

96  196 

103.7 

156  860 

119.2 

184  384- 

126  4 

B  =  C  H  O. 

—  (Continued 

Wt.  B 

<27) 

0  fM) 

89  7 

22  46 

139  5 

27  77 

153  6 

35  11 

172  3 

36  83 

177  3 

43  38 

193  7 

44.50 

198  9 

5 1  57 

216  5 

70  34 

260  7 

100 .  (M) 

320  0 

50  Wt. 

i  B 

°C 

0 

129.9 

25 

189.0 

40 

•237  9 

v.  also  p.  30,  A  =  CuiNOilt 

and  p.  31,  A  “  LiBr;  A  KCNS. 

B  =  CjH.Oj,  Methyl  acetate 


'(102, 

50  Wt 

.  %  B 

°C 

V 

0 

111.2 

25 

163.2 

40 

202 . 1 

55 

241  4 

B  =  C^H.O,  n 

-Propyl  alcohol 

(55, 

112 

Wt.  %  B 

0  00 

91.7 

10.0 

87.3 

20.0 

83  5 

30  0 

79.8 

40  0 

75.8 

50.0 

71.3 

60.0 

67  8 

70  0 

63  7 

80  0 

59.9 

90  0 

56.3 

100.0 

52  5 

B  =  CjH,Oi 

Glycerol  (S2) 

Wt.  | 

%  B 

<p » 

0  93.7 

115.2  137.7 

25  23  9 

32  77  43  4 

50  4.71 

7  40  1 1  46 

75  0  972 

1.83  3.215 

100  0.165 

0  368,  0.740 

M  B  /l 

1  ,10) 

0.25 

74  7 

0  5 

67  0 

1  0 

56  0 

t>.  also  p.  30.  A  =  CoCI. 

B  C.H.O,,  Ethyl  acetate 

(i°i) 

50  Wt.  %  B 

°C 

* 

0 

104  3 

25 

144  0 

40 

185  3 

55 

226  0 

38 


INTERNATIONAL  CRITICAL  TABLES 


CH,,0. — ( C  on  tin  ued ) 


B  CLH.oO,  Ethyl  other  (3) 


\\  I .  %  B 

V26 

0  00 

»9 . 9 

23.15 

134.9 

47 . 43 

209.0 

57.51 

249.7 

64 . 48 

278 . 6 

72 . 99 

317.3 

78.37 

345.2 

86.39 

379.5 

100.00 

442.5 

Vol.  %  B 

V26  (6) 

50 

212.4 

75 

319.7 

B  =  C5H5N, 

Pyridine  0  10) 

M  B/l 

<p  20 

0.25 

83.0 

0.5 

84.1 

1.0 

87.2 

2.0 

89.9 

B  =  C5H10O 

j,  Monoacetin 

(no) 

0.25 

75.6 

0.5 

70.2 

1.0 

58.7 

2.0 

39.5 

4.0 

24.2 

B  =  C5H120, 

tsoamyl  alcohol 

(105) 

g  B/l 

<£>18.4 

0.000 

74.9 

3.170 

73.8 

7.350 

74.5 

8.832 

74.5 

12.684 

73.3 

29.44 

71.6 

44.16 

70.9 

63.41 

69.7 

147.20 

63.7 

220.80 

58.4 

M  B/l 

V20  (110) 

0.5 

76.8 

1.0 

74.4 

2.0 

66.0 

4.0 

54.6 

B  =  CnHfcCIO,  Chlorophenol 


(136) 

21.4  Wt.  %  B 

B 

<PZb 

0- 

68.87 

VI- 

68.97 

p- 

68.78 

B  =  C6H6)  Benzene  (50);  cf. 

(46) 


Wt.  %  B 

Vis 

V20 

¥>25 

0 

75 

7 

83 

9 

91 

7 

25 

90 

9 

98 

3 

108 

0 

50 

113 

5 

123 

5 

131 

8 

75 

139 

5 

152 

2 

160 

3 

100 

142 

1 

154 

1 

165 

0 

B  =  C,,H6. — ( Continued ) 


Wt.  %  B 

0 

<^30 

101.0 

¥>3S 

110.0 

V  40 

120.8 

g  B/l 

25 

119.2 

129.5 

143.1 

0.0 

50 

146.8 

160.5 

176.4 

5.64 

75 

175.1 

185.9 

200  0 

8.33 

100 

177.9 

189.9 

203 . 3 

22.56 

Wt.  %  B 

V60 

V  60 

41.68 

0 

100 

Wt.  %  B 


143  3 
228 . 8 
VC3 


168.9 

255.8 

V70 


0 

198. 

0 

25 

20 

2 

0 

50 

250 

0 

100 

284 

9 

Wt.  % 

B 

<p 

26  (27) 

0.00 

88.5 

8.47 

98.7 

17.00 

104.8 

28.90 

113.2 

45.60 

128.9 

50.91 

137.3 

67.58 

153.5 

69.49 

154.7 

76.53 

164.7 

80.38 

170.0 

88.03 

1 

76 . 4 

98.86 

176.5 

100.00 

171.8 

g  B/l 

V20  0 °5) 

0.000 

77.2 

2.708 

77 . 6 

3.120 

77.6 

4.242 

77.59 

10.832 

78.4 

15.588 

79.05 

23.208 

79.3 

54.160 

81.1 

97 . 984 

86.3 

50  Wt.  % 

B  (102) 

°C 

<P 

0 

70.71 

25 

121.9 

40 

161.3 

55 

201.5 

B  =  CeHoCR,  Hydroquinol 

(11°) 

M  B/l 

V20 

0.25 

73.2 

0.5 

64.7 

1.0 

51.9 

For  0-  and 

m-  isomers  at 

20°C,  V.  (152.1 

B  =  CnHioCb,  Ethyl  aceto- 

acetate  (35) 

Wt.  %  B 

<P2S 

0.00 

93.7 

8.05 

97.7 

36.28 

103.9 

46.71 

102.1 

64 . 02 

96.4 

100.00 

66.3 

B  =  C6Hi2)  Cyclohexane;  for 

data  at  20°C,  a.  (152.2). 

B  =  C„H,203,  Paraldehyde 
(1°5) 

V20 

79.8 

79.9 

80.3 

81.3 

81.9 

85.1 

89.2 

84.9 


112.8 

208.4 

994.8 


B  =  Cr.HuCL,  Acetal  (n«) 

M  B/l 

V20 

0.25 

85.4 

0.5 

87.9 

1.0 

95.4 

B  =  C7H60, 

Benzaldehyde 

(22) 

Wt.  %  B 

¥>26 

0.00 

89.9 

11.65 

91.6 

20.67 

95.2 

23  6t) 

95.2 

32.47 

96.1 

53.96 

86.4 

79.32 

76.5 

90.63 

73.4 

100.00 

69.2 

B  =  C7H,,02, 

Salicy  (aldehyde ; 

for  data  at  20°C,  v.  (152.1). 

B  =  C7H80 

,  Anisole  (5) 

Wt.  %  B 

¥>25 

0.00 

89.9 

15.21 

95.7 

29.62 

101.1 

43.00 

105.6 

55.67 

108.9 

67.68 

110.6 

79.05 

110.5 

89.98 

108.2 

100.00 

99.2 

B  =  C;Hh02,  o-Hydroxy- 

benzyl  alcohol  (H°) 

M  B/l 

<P  20 

0.25 

75.5 

0.5 

68.3 

1.0 

58.4 

B  =  C7Hh02, 

Guaiacol;  for 

data  at  20°C, 

j,_  (152.1). 

B  =  C,HioO,  Phenetole  (5) 


B  =  CgHio02,  o-Dimethoxy- 
benzene;  for  data  at  20°C, 
v.  (t  52.1)> 


B  =  C8HhOi,  Ethyl  ethyl- 

acetoacetate  (35) 

Wt.  %  B 

V25 

0.00 

92.7 

5.44 

94.0 

23.80 

96.3 

41.24 

94.5 

71.31 

83.1 

87.87 

72.2 

100.00 

59.6 

B  =  C9H7N, 

Quinoline  (74) 

0.00 

92.7 

13.30 

91.6 

23 . 50 

78.56 

39.09 

71.4 

50.23 

60.95 

62.65 

53.28 

68.98 

49.6 

75.69 

41.30 

85.57 

38.70 

92.09 

34.29 

100.00 

29.75 

B  =  Ci0H7Br 

a-Bromonaph- 

thalene  (3 1  °) 

M  B/l 

V20 

0.25 

78.6 

0.5 

75.7 

1.0 

71.5 

B  =  C10H12>  1, 

2,  3,  4-Tetrahy- 

dronaphthalene  (59) 

Wt.  %  B 

<P26 

0.0 

92.0 

24.6 

85.4 

48.3 

78.4 

75.8 

67.0 

92.3 

57.3 

100.0 

49.9 

V.  also  (1  5  2. 2) 

B  =  C,„H120 

,  Anethole  and 

ar-Tetrahydro-d-naphthol;  for 

data  at  20°C,  v.  (152.2). 

B  =  C,0H16O, 

Camphor  (110) 

M  B/l 

V20 

0.25 

80.6 

0.5 

76.9 

1.0 

73.2 

2.0 

66.1 

Wt,  %  B 

<P‘2& 

0.00 

89.9 

B  =  CujHisOa,  Ethyl  diethyl 

14.97 

93.7 

acetoacetate  (3S) 

28.89 

96.6 

Wt.  %  B 

V2S 

42.32 

99.0 

0.00 

93.7 

54.97 

100.3 

15.66 

91.4 

67.05 

100.9 

20.74 

90.3 

78.50 

100.0 

28.56 

87.9 

90.25 

96.6 

91.78 

45.7 

100.00 

88.1 

100.00 

35.8 

FLUIDITY— NON-AQUEOUS  SOLUTIONS:  A  0,11.  TO  C.H. 


35 


B  =  C14H10O2 

,  Benzil  (* 43 

g  B/kg  A 

0.00 

75.9  | 

6.82 

75 . 6 

11.36 

75.3 

20.39 

74  9 

g  BAg  A 

<p*  0 

0.00 

119.3 

12.06 

118.0 

25.74 

116.7 

38 . 24 

115.5 

47.17 

114.4 

B  CisHjsOj,  Stearic  acid  (110 

M  B/l 

V  J0 

0.25 

77.2 

0.5 

71.4 

1.0 

61.5 

B  =  CjjHiiiOu,  Carrninic  acid 

(154) 

0.03125 

77 . 4 

0 . 0625 

73.4 

0.125 

66.1 

B  =  C3<H17NO„,  Aconitine  0  10) 

0.02 

80.4 

0  04 

77 . 7 

C2H7N 

Dimethylamine 

B  =  CUH,C1N,  Dimethyl- 

amine  hydrochloride  (40) 

M  B/l 

V-33.  i 

0.2843 

189.3 

0 . 3585 

181 .9 

0 . 7857 

135.9 

0.8535 

111.8 

c2h7n 

Ethylamine 

B  =  C/H8C1N.  Ethylamine 

hydrochloride  (40) 

M  A/1 

i  v- aj.i 

0 . 09458 

162.2 

n  1898 

150.7 

0.3817 

131 .3 

0.7518 

101.4 

1  489 

53.7 

C1H.iN.iO3 

Cyanuric  acid 

B  =  CiHjN 

,  Pyridine  (33) 

Wt.  %  B 

<fn 

96.8 

96  3 

C  HNS 


Ethyl  thiocyanate 


-  CSH„N, 

Piperidine  (91) 

M  %  B 

*Pb 0 

0 

208.3 

5 

176.4 

25 

59.5 

45 

4.42 

50 

0.924 

55 

2.06 

75 

22.8 

95 

92.9 

100 

118.3 

C.H.,0 

Acetone 

B  =  CjH,0,  Isopropyl 
alcohol  (158; 


B  =  C.H.oO,  Ethyl  ether  (43) 


M  %  B 

<A) 

V  14 

^>1 

0 

261 . 1 

307 

7 

387. 

6 

30 

287.41 

341  . 

3 

408. 

2 

70 

325.1 

380. 

0 

138 

6 

100 

333  3 

400 

0 

465 

.1 

B  =  C,,HiBr,  Bromobenzcne 


M  %  B 

Vo  (126) 

0.00 

250  0 

6 . 25 

225 . 2 

17.50 

186.6 

28.15 

158.2 

50.15 

115.9 

73.54 

85.4 

84.32 

78.3 

100.00 

66 . 7 

B  =  C6H5C1, 

Chlorobenzene 

M  %  B 

«  (126) 

0.00 

250 . 0 

4.03 

238.7 

15.26 

208.8 

39.70 

166.1 

50.88 

143.5 

84.70 

104.9 

100.00 

96.7 

B  =  Cf.HLClO,  o-Chlorophenol 
(17) 


Wt.  %  B 

<Po 

V 10 

V>20 

0 

00 

253 

0 

277 

8 

309 . 2 

18 

49 

171 

8 

189 

8 

210.5 

32 

38 

127 

1 

144 

5 

163.7 

49 

95 

71 

5 

86 

1 

100.8 

60 

49 

46 

8 

59 

45 

72.7 

71 

01 

27 

86 

37 

38 

48.76 

83 

22 

14 

82 

22 

37 

31.55 

91 

73 

10 

64 

17 

24 

25.58 

100 

00 

9 

27 

15 

65 

23.75 

Wt,  %  B 

<^30 

40 

VSO 

0 

00 

339 

0 

370 

4 

403 

18 

49 

238 

7 

261 

8 

284 

32 

38 

175 

7 

196 

.9 

215 

49 

95 

112 

0 

128 

7 

145.6 

60 

49 

83 

4 

98 

1 

112.0 

71 

01 

59 

4 

73 

.1 

X6 . 7 

83 

22 

4  1 

7 

53 

0 

65 . 5 

91 

73 

35 

1 

46 

2 

57 . 6 

100 

00 

32 

.5 

43 

.  1 

53 . 5 

Wt. 

%  p 

(1 

<P70 

59 

.37 

137 

0 

156.0 

68 

.23 

108 

9 

126.4 

76 

99 

90 

3 

105.0 

84 

.64 

77 

6 

92.0 

91 

.08 

70 

3 

84.2 

100 

00 

66 

1 

79  0 

R  =  CfHiNOi,  Nitrobenzene 
Vol.  %  B  v«  (4T) 

0  317.5 

25  203  9 


=  CrHiNOj.- 

-(Contin  tied 

ol.  %  B 

VI  47 

.50 

139  1 

75 

92.1 

100 

55.2 

g  B/l 

v*>  (,05) 

937  7 

74.1 

1037 . 7 

66  1 

1080  7 

61.0 

1150.8 

54.0 

1177.1 

52.4 

1 183 . 2 

51.8 

1192.2 

51.2 

1197.1 

50  5 

1204.8 

49  64 

B 

=  C 

UHe,  Be 

nzene  ( 1 3 1 

Wt. 

%  B 

Vio 

V:  0  1 

Vso 

0 

.0 

278. 

8 

309.6 

342 

3 

21 

.24 

251 

■> 

280  5 

311 

1 

49 

.34 

213. 

0 

240  9 

268 

2 

72 

.  14 

173. 

9 

203  6 

230 

2 

100 

.00 

131. 

9, 

154.7 

178 

7 

Vol.  % 

B 

VI.  (47J 

0 

317 

4 

25 

285 

1 

50 

250 

2 

75 

212 

1 

100 

173 

1 

g  B 

1 

VJO  (10S) 

699 

8 

185 

8 

789. 

3 

172 

0 

840. 

5 

162 

1 

858. 

8 

159 

.1 

869. 

7 

157 

.4 

873 . 

5 

156 

.4 

880. 

0 

155 

6 

B 

=  c 

HO, 

Phenol  (17) 

Wt. 

%  B 

v*. 

94 

Vk 

.06 

0 

00 

277 

8 

309 

6 

14 

19 

205 

8 

233 

1 

26 

72 

157 

5 

178 

.6 

38 

06 

115 

2 

132 

.4 

49 

43 

79 

6 

94 

.8 

57 

79 

59 

2 

72 

5 

65 

22 

42 

4 

54 

.0 

73 

74 

27 

25 

36 

.4 

78 

94 

20 

•) 

27 

.9 

85 

39 

13 

37 

20 

.  1 

92 

85 

8 

38 

13 

t 

100 

00 

4 

98 

9 

06 

Wt.  %  B 

9 

V«o.  1 

•f  49  1 

0 

00 

339 

0  37 

0.4 

403 

•» 

9 

57 

277 

s]  304.9 

334 

4 

19 

53 

226 

8  250.6 

277 

8 

27 

.70 

191 

9  21 

2.8 

237 

0 

37 

.42 

149 

3  169 . 5j 

188 

7 

44 

.67 

128 

s  1  lit  6 

159 

•> 

53 

.79 

94 

5  110.6 

125 

9 

60 

.24 

75 

8  90.8 

105 

3 

67 

.19 

60 

3  7 

3.4 

87 

0 

74 

.25 

45 

9  57  4 

70 

•i 

80 

76 

36 

4  44.8 

56 

0 

87 

.98 

25 

5  34.8 

44 

5 

92 

.81 

20 

4  28  9 

38 

2 

100 

00 

14 

1  2 

1.1 

30 

5 

B  =  C.H.O,,  o-  and  tn-Dihy- 
droxybenzene;  for  data  at 
20  r.  (***•*).  


B  =  C,HtN, 

Aniline  143 

M  cl  B  vi.  v.i 

0  333 

3  4  (HI  0 

40  115 

9  170  1 

70  53 

3  90  1 

100  29 

6  48  2 

50  Wt.  7, 

B  (><>*) 

°C 

0 

70  3 

25 

113.4 

40 

146  7 

55 

176  5 

70 

205  2 

II 

O 

a 

'yclohexane;  for 

data  at  20  ( ’,  r 

,  1  52.2  1 

B  =  C«Hn, 

rlexane  (105) 

g  B/l 

•fro 

572.2 

295  2 

623 . 8 

289  0 

684  3 

280  4 

685 . 1 

276  5 

687  2 

276  0 

B  =  C;H.O 

.,  Salicylalde- 

hvde;  for  data  at  20  C,  e. 

(152.1). 

B  =  C7H,02, 

Guaiaeol;  for 

data  at  20  (',  r 

(152.1). 

B  =  C ;H  1 4O Amyl  acetate 

(31) 

Wt.  7c  B 

•fib 

81.60 

160.7 

91.41 

145  4 

100  00 

126.7 

B  =  C,HioO 

.,  o-Dimethoxy- 

benzene;  for  data  at  20°C,  e. 

(152.1). 

B  =  C.oH.O 

^-Naphthol;  for 

data  at  203C, 

„  (152.2). 

B  ;  Ci  Hu,  Totrahydronaph- 

thalene;  for  data  at  20  r 

(152.2). 

B  =  C|  H,jO,  ur-Tetrahydro- 

d-naphthol;  for  data  at  20  <\ 

V.  (»52. 2), 

B  =  CijHioO,  Phenyl  ether 

(128) 

M  7c  B 

0.0 

320  5 

10  60 

227  8 

26  94 

140.1 

5 1 . 57 

74.7 

100  00 

27  3 

c,h6os 

Propionic  neid 

B  «  C  HiN,  Pyridine;  for  data 

at  20,  40,  and  80  <’,  r  (** 7). 

40 


INTERNATIONAL  CRITICAL  TABLES 


C  H  ,0  j 


Methyl 

acetate 

C4H„02) 

Ethyl  acet 

(78) 

M 

%  B 

¥  11 

0 

162.2 

25 

158.6 

50 

155.8 

66 

58 

153.4 

C;,H7NO 

Methylacetamide 
B  =  C6H6N,  Pyridine  (33> 


Wt. 

%  B 

¥25 

83 

56 

92.4 

88, 

80 

97.9 

93. 

41 

103  4 

C:iH7NO 

Propionamide 
B  =  C;,H5N,  Pyridine  i33) 


76 

25 

61.9 

86 

34 

82.9 

92 

08 

95  5 

C3H7N02 

Urethane 

B  =  CJUN,  Pyridine  (33) 
85.04  j  83 . 2 

90.91  93.5 


C,HsO 


n-Propyl  alcohol 


B  =  < 

:3Hs03, 

Glycerol  (' 

M 

B/l 

¥20 

1 

0 

29  6 

B  =  C 

:.,h10o, 

Ethyl  ether 

Wt. 

%  B 

¥25 

0 

.0 

50 . 7 

11 

.93 

71.2 

22 

.99 

97.7 

34 

.92 

132.8 

47 

.  16 

178.0 

59 

.89 

234.0 

72 

97 

298.2 

86 

.22 

368. 1 

100 

0 

442 . 5 

c3h8o 

w-Propyl  alcohol 


B  = 

c,.h6, 

Benzene 

(29) 

0 

0 

51 

.0 

4 

93 

85. 

.  7 

10 

01 

142 

.3 

29 

78 

166 

.9 

66 

90 

169 

.0 

100 

0 

167 

.3 

B  = 

CsHjN 

,  Aniline 

(78) 

M  %  B  I 

¥12 

0 

38.3 

166.8 

20 

36 . 8 

160.5 

65 

26.4 

128.8 

100 

17.2 

99.4 

C;,HS0  3 

Glycerol 

B  =  C;,Hi20,  Isoamyl  alcohol 

(ill) 


M  A/1 

¥20 

1  0 

14.47 

C4H5C1302 

Ethyl  trichloroacetate 
B  =  C4Hs02,  Ethyl  acetate  (78> 


M  %  A 

¥11 

22.82 

1 10.9 

50 

80.4 

63 . 47 

72.0 

100.00 

47.6 

C  |H  NS 

Allyl  thiocyanate 
B  =  Cr,H;,N,  Pyridine  (9Z) 
M  %  B  !  ¥>26 

0  148.6 

50  138.5 

100  117.1 


B  =  C5H„N,  Piperidine  (9Z) 


M  %  B 

f2b 

¥>60 

¥so 

0 

148.6 

184.  S 

234 . 2 

10 

85.5 

25 

24.08 

40 

2.68 

40.91 

2.64 

22.8 

45 

0.846 

4.21 

13.27 

48 

0.402 

2.88 

12.75 

50 

0.283 

1.82 

10.71 

52 

0.384 

2.37 

12.78 

55 

0.581 

3.22 

13.06 

60 

1.467 

75 

9.57 

90 

38 . 8 

134.1 

100 

73  1 

118.3 

135.5 

B  =  CeHrN,  Aniline  (86) 


M  %  B 

<Pm 

¥125 

0 

316  5 

380 

10 

221.2 

274.0 

20 

127.4 

158.7 

30 

54.3 

69.3 

40 

22.7 

35.8 

48 

12.07 

27.6 

50 

11.03 

26.6 

52 

12.71 

29.0 

60 

24.9 

43.6 

70 

45.7 

73.9 

SO 

74.5 

110.0 

90 

109.6 

160.5 

100 

144.7 

203.3 

B  =  C7Hs,  Toluene  (88) 


M  %  B 

<fSb 

¥>ioo 

25 

297 

325 

50 

315.5 

351 

75 

333 

357 

B  =  C7H.,N,  Methylaniline  (91) 

M  %  B 

<P2b 

¥60 

0 

148.6 

184.8 

10 

85.3 

115.5 

25 

39.2 

47.06 

B  =  C7H9N.— {Continued) 


M  %  B 

<P  26 

¥>60 

40 

9.82 

19.76 

48 

3.24 

10.29 

50 

2.85 

8.64 

52 

3.17 

55 

3.98 

12.00 

60 

6.22 

17.5 

75 

18.6 

40.3 

90 

31.9 

62.5 

100 

50.0 

67.8 

C4Hti03 

Acetic  anhydride 


B  =  CcH1203)  Paraldehyde  (26) 


Wt,  %  B 

¥'10 

¥76.5 

0.00 

94 . 5 

216.6 

10.00 

89.2 

212.3 

29.96 

82.1 

211.0 

50 . 00 

75.2 

206.7 

69.99 

69.3 

205.1 

90 . 02 

66 . 4 

207.1 

100.00 

65 . 5 

209.2 

C  iHgO-j 

Butyric  acid 

B  =  C5H5N,  Pyridine;  for  data 
at  IS,  30  and  40°C,  v.  (157). 


C4H.SO2 
Ethyl  acetate 


B  =  C;,H6N, 

Pyridine  (10z) 

50  W 

t.  %  B 

°C 

¥ 

0 

122.0 

25 

170.0 

40 

194.0 

55 

219.2 

B  =  C6H.,H02l  Nitrobenzene 

(") 

Wt,  %  B 

<f2b 

0.00 

229 . 9 

22.90 

171.8 

56.10 

112.5 

75.53 

83.1 

100.00 

54 . 5 

50  Wt,  %  B  (102) 

°C 

¥ 

0 

84.02 

25 

122.6 

40 

153.8 

55 

179.3 

70 

202.9 

B  =  C r,Ho,  Benzene  (27);  cf. 


(99) 


Wt. 

%  B 

¥26 

0 

00 

238 

5 

24 

05 

224 

9 

50 

90 

209 

1 

51 

70 

208 

2 

56 

07 

207 

0 

64 

16 

200 

4 

66 

90 

200 

4 

72 

96 

193 

0 

100 

00 

171 

8 

B  =  Cf,H6. — ( Continued ) 
50  Wt.  %  B  (!02) 


°C 

0 

25 

40 

55 

¥ 

149.3 

206 . 6 
251.2 

289 . 5 

B  =  Cf,H7N, 

Aniline  (1531 

M  %  B 

¥0 

0.0 

170.0 

15.2 

122.2 

22.34 

104.0 

42.8 

63 . 6 

50  77 

53.9 

67 . 2 

34.8 

74.9 

25.8 

77.6 

23.5 

84.2 

19.0 

88.9 

14.2 

93.9 

12.5 

100.0 

10.03 

B  =  C7H3, 

Toluene  (" 

Wt.  %  B 

<p2b 

0.0 

216.5 

15.71 

214.6 

45 . 30 

207  9 

71.26 

196.5 

100.00 

185.5 

B  =  C7H140 

2,  Iso  (?)  amyi 

acetate  (78) 

M  %  B 

<P  1  1 

20.6 

111.4 

50 

105.0 

100 

63.3 

B  =  CsHuO.,,  Diethyl  succinate 

(78) 

M  %  B 

fl2 

<P  fi4 

0 

151.7 

304.8 

25 

101.4 

221.5 

50 

67.8 

176.7 

62.5 

52.9 

157.4 

75 

45.8 

146.3 

90 

33.4 

130.1 

100 

29.9 

119.9 

B  =  C9H10O2, 

Ethyl 

benzoate 

(73) 

M  %  B 

<f  2b 

0.00 

235.9 

10.08 

192.7 

20.03 

161.9 

30.11 

138.0 

40.02 

118.0 

49.56 

101.5 

60 . 27 

86.4 

68  69 

77 . 4 

79.12 

66.0 

87.84 

58.7 

100.00 

49.6 

M  %  B 

<f\2 

(78) 

¥64  (78) 

0 

151.7 

302.9 

25 

111.2 

240.3 

40 

62.7 

75 

55.4 

158.7 

100 

38 . 7 

133.4 

FLUIDITY — NON-AQl'EOUS  SOLUTIONS:  A  CaIH  TO  C»H, 


41 


B  =  C„H220, 

Isoamyl  ether 

(78) 

Wt.  %  B 

<P\\ 

16.83 

133.4 

43  50 

113.2 

74 . 95 

88.2 

100  00 

71  .4 

B  =  CmHi202,  Benzyl  benzo- 

ate 

(7S) 

M  %  B 

0  0 

235 . 9 

10.2 

156.  1 

20.10 

109.7 

30  27 

78.4 

41.37 

55.9 

50.00 

43.5 

59 . 99 

32.8 

69.98 

25 . 77 

76 . 53 

21.23 

85.74 

16.84 

92.16 

14.28 

100.00 

11.74 

CtH,NO, 

Methylurethane 


B  =  C,„H2„0,  Menthol  0*2 


Wt.  %  B 

fit.t 

tP74.  6 

0.00 

43.9 

72.9 

33.38 

38.0 

68.2 

56  80 

32.8 

55.9 

74.28 

25.8 

59.5 

84 . 39 

25.9 

53.4 

92.46 

20.1 

42.4 

100  00 

15.9 

40.5 

Wt.  %  B 

#“81.2 

0  00 

80.8 

118.1 

33.38 

81 .0 

56.80 

101.4 

101 .4 

74.28 

74 . 6 

116.9 

84.39 

66.9 

95.1 

92 . 46 

54.5 

88.7 

100.00 

54.0 

96. 1 

C  iHinO 

Butyl  alcohol 


B  =  C,„H12,  1,  2,  3,  4-Tetrahy- 
dronaphthalene  (59) 


Wt.  %  B 

0.00 

40.6 

28 . 34 

47.6 

57.13 

53.8 

71.30 

56 . 0 

84.90 

56.1 

100.  (XI 

49.9 

=  CioHi.,  Decahydronaph 

thalene  (59) 

0.00 

40.6 

32.38 

44.4 

49.43 

46.5 

67.12 

47.9 

82.59 

47.1 

89.80 

46  1 

100  00 

41  4 

c4h10o 


Ethyl e 

ther 

B  = 

C. H. ,  Ik 

*nzene 

(99 

Wt. 

%  B 

^15 

0 

(M) 

434 

8 

28 

58 

354 

6 

56 

92 

276 

o 

75 . 

69 

228 

KM) 

.00 

1 66 

0 

50 


wt. r; 

B 

Vii 

tpjn 

^25 

0 

404  9 

425 

5 

448. 

4 

25 

320  5 

333 

3 

347 

2 

50 

253  2 

262 

5 

273 

8 

75 

ISO.  2 

207 . 

5 

219. 

2 

100 

142.  1 

154. 

1 

165. 

0 

Wt.  « 

B 

#■»> 

0 

471 

i 

25 

359 . 

t 

50 

289. 

0 

310  6 

75 

232. 

6 

2 

45  1 

100 

177. 

9 

189.8 

(13) 

Wt.  %  B 

<Pio  1 

#>2o 

#>MI 

0 

(M) 

386  0 

426 . 

5 

469 

4 

35. 

15 

2X7  2 

319 

X 

353 

2 

55 . 

58 

235  3 

264 

3 

295 

5 

79. 

52 

176.7 

203 

4 

230 

6 

100. 

00 

131  .9 

154 

7 

178 

.  i 

B  =  Cf,H602,  o-  and  m-Dihy- 
droxybenzene;  for  data  at  20°C, 

V.  (152.1). 

B  =  C«Hm02,  Acetal  024. 

125) 

M  %  B 

<A> 

0.00 

347 

446 

9.97 

266 

21.62 

263 

28.18 

158 

45.12 

149.5 

46  04 

89.8 

69  73 

73  6 

70.90 

37.9 

87.32 

19.2 

100 

10.0 

27.5 

B  =  C;H, 02,  Salicylaldchvde ; 
for  data  at  20  C,  r.  (tS2-1 


B  =  C7H,,  Toluene  I  50 


#>2n 

fa 

404 

9 

423 

< 

448 

4 

319 

333 

0 

344 

S 

|  253 

X 

263 

9 

277 

8 

206 

6 

213 

7 

224 

.  7 

159 

5 

170 

6 

1X0 

.8 

wt. r;  b 

‘Z’jo 

0 

471  7 

25 

355.9 

367.6 

50 

289.9 

302.1 

75 

238.7 

247.5 

100 

192.3 

212.8 

B  =  C7H,0,  Benzyl  alcohol  8) 

-=  1013  with  50  Uol  cl  B 


B  -  CtH.Oj,  Guaiacol;  for 

data  at  20°C,  p.  (t52-1. _ 


B  =  C.HkO,  Phcnetole  73j 


M  ' 

70  B 

0 

0 

447 

8 

9 

96 

374 

0 

16 

97 

327 

1 

25 

18 

286 

o 

31 

18 

258 

4 

39 

52 

227 

0 

44 

21 

207 

9 

48 

94 

194 

0 

54 

99 

175 

0 

64 

84 

150 

0 

69 

74 

139 

X 

74 

t  f 

127 

3 

81 

45 

115 

3 

90 

25 

100 

1 

92 

55 

97 

4 

1(H) 

00 

86 

5 

B  =  C8HioO;,  o-Dimethoxy- 
benzene;  for  data  at  20  °C,  v. 

(152.1). 


B  =  Cr.H.  O,  Phenyl  ether  (73i 


M  %  B 

0.0 

447  8 

9.8 

3 

22.0 

21  74 

219.7 

29  12 

174.4 

39  24 

131  4 

48.98 

100.7 

57  55 

79.5 

67  03 

61.3 

78  07 

46.4 

86 . 82 

36.5 

92  96 

31.7 

100  00 

25.9 

C,H,,N 

Diethylamine 

B  =  CtH^NS,  Phenyl  thio- 

evanate  (86) 

M  %  B 

#>ii 

0 

289.0 

358 . 4 

10 

151.3 

178.6 

25 

17.14 

25.9 

33.3 

2  562 

4 . 574 

40 

0.1898 

0  4404 

45 

0.0385 

0  1049 

48 

0.01129 

0.0450 

50 

0  00270 

0  0204 

52 

0  0246 

0  09575 

55 

0  0576 

0  202 

60 

0  5057 

1  267 

75 

8  970 

13  4 

90 

38.0 

46.3 

100 

71.6 

83  4 

M  % 

B 

•fUt 

45 

0  Tin 

48 

0  303 

50 

0  189 

52 

0.522 

55 

0  765 

60 

3  644 

75 

22  54 

90 

60  39 

100 

102.25 

CJHsN 

Pyridine 

B  =  CnHiClO,  o-Chlorophenol 
17, 


Wt. 

;  B 

0 

00 

75 

6 

90 

o 

106 

3 

11 

17 

60 

«> 

70 

i  *  . 

4 

Sti 

4 

21 

62 

46 

0 

56 

1 

6s 

5 

31 

57 

33 

5  ' 

42 

5 

52 

5 

42 

31 

•>•> 

5 

29 

S 

38 

•> 

51 

48 

14 

(IS 

19 

7 

27 

i 

60 

15 

8 

35 

13 

0 

18 

94 

(57 

47 

5 

47 

9 

29 

14 

(>(') 

72 

51 

4 

38 

i 

si 

12 

82 

76 

93 

3 

so 

1 

•>•> 

12 

15 

81 

06 

3 

71 

i 

13 

12 

26 

85 

17 

3 

99 

54 

13 

19 

92 

51 

5 

52 

9 

96 

16 

75 

100 

00 

9 

27 

15 

65 

23 

7.5 

Wt. 

r;  b 

10 

0 

00 

121 

8 

140 

1 

173 

0 

11 

17 

KM) 

6 

115 

9 

145 

.  s 

21 

62 

80 

1 

93 

9 

120 

.  5 

31 

57 

63 

0 

74 

0 

98 

.  5 

42 

31 

46 

5 

56 

4 

1  i 

.  5 

51 

48 

33 

8 

43 

3 

62 

s 

60 

15 

25 

5 

33 

56 

51 

.  / 

67 

47 

21 

2 

28 

33 

45 

.8 

72 

51 

19 

9 

26 

41 

43 

.H 

76 

93 

18 

.5 

26 

04 

43 

.  i 

81 

06 

18 

66 

26 

46 

44 

.K 

85 

17 

19 

84 

28 

17 

47 

.4 

92 

51 

24 

.33 

34 

01 

54 

.  5 

100 

00 

32 

.47 

43 

1(1 

66 

i 

Wt, 

%  B 

<f  1  10 

0 

00 

205 

3 

259 

7 

11 

17 

176 

1 

223 

o 

21 

62 

148 

8 

193 

8 

31 

57 

1 

24 

7 

166 

7 

42 

.31 

101 

4 

142 

0 

51 

.48 

84 

4 

125 

3 

60 

15 

72 

0 

113 

0 

67 

47 

67 

25 

105 

8 

72 

.51 

65 

4 

103 

7 

76 

93 

65 

3 

104 

0 

81 

06 

66 

9 

106 

o 

85 

17 

70 

•> 

110 

4 

92 

.51 

79 

6 

119 

5 

100 

.00 

93 

5 

131 

6 

B  - 

C.H:.NOj,  o- 

Nitrophe 

n< 

(17) 

Wt. 

G  B 

#>10 

#■« 

0 

00 

121  8 

140 

1 

11 

32 

KMU0 

122 

7 

20 

74 

22  S 

107 

5 

27 

58 

82.6 

97 

1 

39 

62 

66  7 

80 

3 

52 

25 

53.2 

66 

•> 

60 

24 

46.5 

58 

4 

68 

32 

40  8 

52 

3 

76 

79 

86  1 

46 

6 

86 

96 

31  8 

41 

5 

91 

25 

30  0 

39 

6 

100 

on 

27  4 

36 

3 

42 


INTERNATIONAL  CRITICAL  TABLES 


C  H  .N.-  {Cont  inued ) 

B  =  CJLNO,. — ( Continued ) 


Wt.  %  B 

C  60.  1 

C80 

0.00 

173.0 

205 . 3 

1 1  32 

1 54 . 6 

185.5 

20  74 

139  1 

169.5 

27.58 

127.2 

157.5 

39  62 

108.1 

138.  1 

52 . 25 

91.6 

119.6 

60 . 24 

82 . 5 

109.8 

68  32 

75.5 

100.8 

76.79 

68 . 5 

92.6 

86  96 

61.7 

83 . 7 

91  25 

59.2 

80.6 

100.00 

54.8 

74.2 

B  =  Cc.Hf.O 

,  Phenol  (1 7) 

Wt.  %  B 

ClO 

0.00 

90.2 

17.26 

62.7 

26.01 

48.8 

35.14 

37.4 

45.48 

26.6 

51  89 

19.8 

58 . 46 

14.71 

66  99 

10.12 

76.81 

7.06 

82.86 

6.08 

91.89 

5.32 

100.00 

4.96 

Wt.  %  B 

¥>20 

C30 

C 40 

0.00 

106 . 3 

121.8 

140.1 

8.30 

90.2 

106.4 

120.8 

16.12 

75.7 

90.4 

103 . 6 

24.36 

62.6 

74.7 

86.8 

32 . 58 

49.8 

61.2 

72.0 

38.94 

41.5 

50 . 94 

61.3 

47.13 

31.1 

39.77 

49  0 

54.96 

22.9 

30.82 

39.1 

63.81 

16.83 

23.31 

30.8 

70.49 

13 . 37 

19.34 

26.3 

77 . 94 

11.02 

16.56 

23.2 

85.17 

9.96 

15.10 

21.8 

92.45 

9.33 

14.46 

21.3 

100.00 

9.06 

14.10 

21.1 

Wt.  %  B 

<P60 

<P80 

<£*110 

0.00 

173.0 

205 . 3 

259 . 7 

8.30 

152.4 

183.8 

233.6 

16.12 

132 . 8 

162.9 

210.5 

24  36 

113.8 

140.2 

186.9 

32.58 

96.9 

122.7 

165.0 

38.94 

83.5 

107.1 

149.5 

47.13 

69.6 

92.8 

133.2 

54.96 

57.9 

79.2 

118.9 

63.81 

48.4 

69.2 

107.0 

70.49 

43.5 

63.3 

101.2 

77.94 

40.0 

60.4 

98.7 

85.17 

40.0 

•V)  :i 

98.8 

92.45 

38.6 

60.6 

101.5 

100.00 

39.7 

63.3 

106.3 

B  =  Cr,H7N,  Aniline  (43) 

M  %  B 

SCO 

cis 

0 

71. 

4 

87.0 

50 

27 

7 

48.8 

100 

11 

6 

29.1 

B  = 

Cr,H7N.- 

-{Continued.) 

M  % 

B  1 

C5  8- 

6 

V?iuu 

0 

170. 

1 

250 . 0 

50 

105 

2 

200 . 0 

100 

66 

.  7 

160.0 

Vol 

or 
•  /o 

B 

C26  (121) 

0 

112.2 

50 

53.8 

80 

36.6 

100 

27.0 

B  =  CgHi0O3,  Ethyl  aceto- 
acetate  (35) 


Wt.  %  B 

<p2b 

0.00 

113.6 

17.11 

107  6 

32 . 09 

100.8 

51.00 

91.74 

71.07 

81.10 

100.00 

66.31 

B  =  C7H0O2,  Benzoic  acid  (8) 


Wt.  %  B 

C110 

C125 

0 

272.8 

40 

114.2 

141.0 

50 

95.1 

116.9 

56 

78.1 

99.0 

60 

74.7 

95.5 

62 

74 . 6 

95.9 

63 

69.6 

90.4 

66.66 

64.4 

86 . 7 

69 

66.4 

86.0 

72 

67.2 

89.8 

78 

67.4 

87.6 

82 

66.8 

87.0 

86 

66.5 

85.2 

92 

87.0 

100 

94.9 

B  =  C7H7NO,  Benzamide  (34) 


Wt.  %  B 

<P  25 

5.16 

94.8 

12.46 

75.1 

B  =  CjH7NO,  Formanilide 
(33) 

10.32  ;  91.8 

19.14  |  74.9 


B  =  C7H,0,  o-Cresol  (17) 


Wt. 

%B 

¥>0 

<fl0 

¥>20 

0 

.00 

75 

6 

90 

2 

106 

3 

12 

05 

59 

9 

71 

6 

85 

0 

24 

.55 

42 

8 

52 

6 

64 

3 

33 

60 

31 

7 

40 

2 

50 

4 

45 

83 

18 

81 

25 

6 

33 

76 

55 

91 

10 

68 

15 

8 

22 

45 

66 

83 

5 

48 

9 

36 

14 

61 

77 

73 

3 

17 

6 

20 

10 

80 

85 

72 

2 

65 

5 

52 

9 

96 

91 

85 

2 

55 

5 

44 

9 

99 

100 

00 

2 

52 

5 

59 

10 

46 

Wt. 

%  B 

C30 

SC -10 

SC  60 

0 

00 

121 

8 

140 

1 

173 

0 

12 

05 

97 

8 

112 

9 

142 

2 

24 

55 

74 

1 

87 

1 

112 

5 

33 

60 

58 

0 

69 

6 

-1:; 

6 

45 

83 

39 

1 

48 

9 

70 

2 

55 

91 

27 

6 

36 

4 

56 

0 

B  =  C7HLO. — ( Continued )  B  =  C7KLO. — ( Continued 


Wt.  %  B 

<£>30 

C40 

C60 

Wt.  %  B 

<P  0 

^10 

SC20 

66 . 83 

20.26 

28 

0 

45.8 

60 . 37 

8.06 

12 

71 

18.81 

77 . 73 

16.05 

23 

3 

40.6 

67.82 

5.24 

8 

77 

1 3  59 

85.72 

15.23 

22 

6 

40.6 

75 . 36 

3.205 

5 

97 

9  96 

91.85 

15.50 

23 

1 

41.7 

83 . 28 

2.005 

4 

17 

7  55 

100.00 

16.33 

24 

4 

44.6 

91.01 

1.381 

3 

21 

6.19 

Wt.  %  B 

cso 

C110 

100.00 

1.016 

2 

52 

5.28 

0.00 

205. 

3 

259 . 7 

Wt,  %  B 

SC 30 

C60 

12.05 

170. 

4 

221.7 

0.00 

121.8 

140 

1 

173.0 

24 . 55 

138. 

9 

184.2 

21.03 

73.4 

87 

8 

120.9 

33 . 60 

117. 

4 

162.6 

29.61 

61.4 

73 

0 

100.5 

45.83 

94. 

3 

136.6 

40.04 

47.28 

57 

9 

80.4 

55.91 

79. 

8 

119.9 

46.71 

38.99 

48 

4 

68.4 

66.83 

68. 

2 

105.8 

54.46 

30  21 

38 

5 

56.4 

77.73 

63. 

05 

102.0 

60 . 37 

24 . 5 1 

32 

1 

49.5 

85.72 

63. 

6 

103.2 

67.82 

18.99 

26 

1 

42.6 

91.85 

65 . 

45 

106.2 

75.36 

15.07 

21 

.46 

37.0 

100.00 

69 

9 

111.5 

83.28 

12 . 55 

18 

46 

33.7 

B  =  C7HsO.  m-Cresol 

(17) 

91.01 

10.80 

16 

.61 

31.7 

Wt.  %  B 

100.00 

9.49 

15 

29 

30  5 

<£>0 

<^10 

sc  20 

0.00 

75.6 

90 

.2 

100.6 

W  t.  %  0 

cso 

Clio 

14.09 

55.8 

68 

.2 

81.4 

0.00 

205 

3 

259 . 7 

27.45 

37.8 

47 

.5 

56 . 5 

14.06 

165 

8 

217.2 

41.40 

23.36 

30 

.8 

39.4 

27.48 

133 

9 

181.4 

46.92 

18.05 

24 

.9 

32.4 

41.10 

104 

7 

147.8 

55.33 

11.39 

16 

.85 

23.5 

54.03 

81 

3 

121.6 

61.80 

7.79 

12 

.44 

17.91 

63.11 

68 

4 

106.4 

70.62 

4.53 

7 

.78 

12.26 

71.88 

59 

0 

95 . 5 

75.90 

3.23 

6 

.01 

10.12 

81.72 

52 

9 

89.3 

85.17 

2.00 

4 

.22 

7.65 

89.95 

51 

0 

90.0 

91.41 

1.56 

3 

.50 

6.75 

100.00 

5 1 

6 

92.5 

100.00 

1.19 

2 

.89 

5.92 

B  =  CJL.NO,. 

Phthalimide 

Wt.  %  B 

<P30 

<£>40 

C60 

(33) 

0.00 

121.8 

140 

.  1 

173  0 

Wt.  %  B 

V?26 

14.09 

91.1 

107 

.4 

136.8 

5 . 05 

101 

2 

27.45 

68.4 

80 

.6 

105.4 

11.93 

84 

6 

41.40 

47.1 

57 

.7 

78.9 

46.92 

39.8 

49 

.45 

70.5 

13  —  CSH14O3. 

Ethyl  ethvlace- 

55.33 

29.85 

38 

.4 

57.0 

toacetate  (3S) 

61.80 

23 . 95 

31 

.75 

49.5 

0  00 

113 

3 

70.62 

17.95 

25 

.03 

41.2 

12.70 

106 

9 

75.90 

15.34 

21 

.9 

38.2 

40.62 

90 

8 

85.17 

12.68 

19 

.0 

35.1 

63  99 

78 

9 

91.41 

11.57 

17 

.9 

33.8 

85 . 33 

67 

1 

100 . 00 

10.56 

16 

9 

33.4 

100.00 

59 

6 

At.  %  B 

<P80 

CllO 

0.00 

205 

3 

259.7 

B  =  C 1  oH  isO  Ethyl  diethyl- 

14.47 

166 

9 

218.8 

acetoacetate 

(35) 

26.75 

136 

8 

185 . 5 

0.00 

113 

6 

38.43 

111 

0 

154.8 

2.83 

111 

5 

50 . 72 

87 

2 

129.0 

6.91 

108 

4 

61 . 52 

71 

1 

109.9 

21 . 10 

98 

5 

70.94 

61 

4 

99.0 

50 . 83 

71 

2 

82.33 

55 

0 

93.1 

100.00 

35 

8 

90 . 88 

54 

1 

95.1 

100.00 

55 

2 

97  8 

B  =  C13 

H,,NO 

Benzanilide 

(33) 

B  =  C7HsO,  7>-Cresol  (17) 

5.40 

97 

4 

Wt.  %  B 

<Po 

CIO 

<P  20 

9.02 

89 

2 

0.00 

75.6 

90 

.2 

106.3 

12.75 

79 

9 

21.03 

45 . 9 

54 

.4 

68 . 9 

29.61 

35.8 

44 

.4 

55 . 3 

B  =  C„H,,N,0, 

1,2- 

Diphenyl- 

40.04 

24.0 

31 

.  5 

39.46 

urea 

(33) 

46.71 

17  26 

23 

.78 

32.21 

5.69 

95. 

7 

54.46 

11.53 

16 

69 

23  72 

7.19 

92. 

7 
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B  =  CuH.jNjS,  1,  2-Diphenvl- 
thiourea  (33) 


Wt.  %  B  ! 

7.40  86.3 

14  51  70  6 


B  =  CuHjNOi,  Phtlialanil 
(33) 

3.55  104.1 


CJIsO 

Ethyl  propargyl  ether 
B  -  C;Hm02,  Isoamyl  acetate 
(60) 


Wt. 

%  B 

<P2b 

0 

00 

189 

8 

84 

92 

137 

0 

91 

55 

132 

6 

100 

00 

126 

6 

CiH10O 

Ethyl  allyl  ether 


B  =  CtHuO 

2,  Isoamyl  acetate 

(6°) 

0.00 

289.7 

89.42 

143 . 3 

94 . 36 

135.1 

C  ;,H  1  oO  2 

n-Propyl  acetate 
B  =  CfHi202,  Isoamyl 


formate  (78)j  cf.  (5S) 


M  %  B 

<f>\ 2 

fn 

0.0 

113.1 

271.2 

25.8 

123.3 

260.9 

70.1 

112.7 

249 . 1 

100.0 

105.9 

237 . 7 

c,h12o 


Isoamyl  alcohol 
B  =  CfH6N02,  Nitrobenzene 
(26) 


Wt.  %  B 

<Po 

V’so 

0.00 

11.32 

112.7 

9.98 

13.82 

122.6 

29 . 98 

19.00 

133.6 

50.02 

23.75 

143.5 

70.00 

29.90 

144.1 

90.00 

34.90 

134.1 

100  00 

33.02 

120.3 

B  =  C,H,.,  Benzene  (,08 


K  B/l 

<PlS.  4 

549.5 

104.6 

708 . 0 

132.6 

761  9 

139.1 

799.4 

144.05 

857 . 0 

146.8 

864 . 4 

147  0 

864  6 

148.7 

872  0 

148.1 

880  0 

148.1 

B 

=  C«H 

i20 1, 

,  Parahl 

ehyde 

(26) 

Wt. 

%  B 

^10 

<PTt. 

0 

.00 

16. 

12 

105 

3 

10 

01 

21 

09 

121 

.8 

30 

00 

32. 

19 

147 

1 

50 

00 

44. 

70 

174 

.8 

69 

.98 

56 

27 

199 

0 

90 

.02 

64 

48 

208 

.6 

100 

00 

65 

46 

209 

2 

B  =  C,.HU,  Hexane  (105) 

K  B/l  <P  18  7 

0.0  21.2 

540  4  207.4 

570.0  226.5 

647 .1  272.1 

653.4  275.4 

662.8  285.2 

666 .0  287.3 


B  =  Ci„HiiN,  Diethylaniline 
(26) 


Wt.  %  B 

'Pa 

¥>7«.S 

0.00 

11.32 

105.2 

9.97 

13.22 

29.48 

17.55 

30.00 

127.6 

49.92 

22.  13 

138.2 

69 . 56 

26.17 

141.1 

89.96 

27.78 

138.0 

100.00 

26 . 05 

127.7 

c,h12o 

Ethyl  n-propyl  ether 


B  =  C7H,402, 

Isoamyl  acetate 

(60) 

Wt.  %  B  | 

•Pib 

0  00 

294  7 

88.84 

144.9 

92 . 58 

138.6 

C6H,Br,N 

2,  4,  6-Tribromoaniline 


B  =  CrHuO-.,  Isoamyl  acetate 

(139) 


M  A/1  B 

<P2b 

0.71 

98.3 

C„H|ClNOj 

o-Chloronit  robenzene 
B  =  Ci-HnN,  Diphenylamine 
(142) 


M  %  B 

0.0 

22.7 

21.5 

29.0 

43.0 

38.3 

61.5 

47.2 

81.0 

54.4 

100  0 

61.7 

C,H4C1  n 

2,  4,  6-Trichloroaniline 
B  =  C  H  ,0:,  Iso  (?)  amyl 
acetate  (139) 

M  A/1  B 

0.71  101  5 


CfH.,Br 

Bromobenzene 
B  =  C(H4C1,  Chlorobenzene 


( 1 8  1 ;  cf.  (  5  5 ) 

M  %  B 

^11 

0.0 

70.7 

149  2 

32  6 

76.7 

164 .6 

79.8 

92.3 

189.1 

100.0 

99  6 

202  6 

B  =  C»H»,  Benzene  (*04);  cf. 

(157) 

°C  I 

f 

0  Wt.  %  A 

0 

109.6 

10 

131.9 

20 

153.4 

30 

177  3 

40 

198.7 

50 

226  0 

60 

255 . 0 

70 

279.1 

80 

303.5 

22.57  Wt.  %  A 

0.1 

101.8 

8.6 

118.0 

19.9 

140.4 

30.3 

162.0 

40.6 

185.2 

50.2 

207.1 

60.4 

230.3 

70.5 

253.2 

50.24  Wt.  %  A 

0.1 

91.2 

10.2 

108.1 

20.3 

125.8 

30.4 

144.2 

40.1 

163.3 

51.4 

184.5 

60.7 

203.6 

70  2 

223.8 

74.75  Wt.  %  A 

0.1 

79.8 

9.8 

93.1 

11.0 

94.3 

19.4 

106.3 

30.3 

123.4 

40. 1 

139.2 

49.9 

155 . 3 

60.1 

172.1 

70.5 

190.3 

100  Wt.  %  A 

0 

68  0 

10 

78  0 

20 

89  5 

30 

102  2 

40 

114.7 

50 

126.0 

60 

139.1 

70 

153  5 

80 

165  6 

B  C;  H,t  Toluene;  for  data  nt 

20,  35,  and  50c 

C,  r.  (>57). 

CJ^Bi^N 

Dibromoaniline 
B  =  C;Hm02,  Isoamyl  acetate 
139  ;  for  M  A  1  =  0.71,  vii 
=  96.1  for  2.  4- A;  =  100.3  for 
2.  6-A. _ 

C.vHiCl 

Chlorobenzene 
B  =  C6H*,  Benzene  (,04) 


°C  |  v 

25.16  Wt.  %  A 


0.3 

108  0 

10.5 

128.1 

20  2 

147  9 

30  2 

169  3 

39  8 

190.8 

50.2 

215.5 

60.4 

239  2 

70.5 

260  3 

79.9 

282.9 

50.54  Wt.  %  A 

0.2 

103.3 

11 . 1 

123  2 

20.2 

140  0 

29.6 

158.4 

40.6 

181.2 

49.1 

200  2 

60.5 

223  2 

70.4 

245  1 

79.9 

264.4 

74.61  Wt.  %  A 

0.2 

98  4 

10.3 

116.3 

20.5 

133.2 

30.0 

150.2 

40.0 

168.8 

49  6 

187.2 

60.1 

207.8 

70  0 

227  2 

80.0 

244.1 

B  =  C,H#0 

,  Phenol  (I7) 

Wt.  '.  u 

*fto 

0  00 

130.2 

4.93 

121.2 

9.78 

112.6 

21.73 

89  1 

30.43 

72  8 

38  90 

59  8 

49  90 

45  1 

58.15 

36  4 

71.41 

24.6 

81  45 

18.01 

100.00 

9.00 

B  =  C:H4,  Toluene;  for  data  nt 

20,  35  and  50  1 

",  V.  (,57l. 

CrH.CIO 

o-Chlorophenol 


B 

=  C 

,H 

N, 

Aniline 

(,7 

Wt. 

%  A 

1 

0 

00 

15 

87 

23 

36 

31 

80 

15 

54 

11 

07 

Il7 

30 

24 

09 

28 

94 

7 

60 

12 

92 

19 

70 

40 

16 

5 

60 

'10 

42 

1 16 

80 

INTERNATIONAL  CRITICAL  TABLES 


4-1 


CfiH.-,C10. — (Continued) 

B 

=  C.H7N. 

(Continued) 

Wt. 

%  A 

<P 

0 

V^30 

46 

61 

4.89 

9. 

17 

1 5  65 

'  51 

68 

4.46 

8 . 90 

14.88 

06 

87 

4 . 23 

8 . 

58 

14.43 

60 

61 

4  18 

8. 

50 

14.39 

65 

18 

4 . 25 

8.71 

14.58 

68 

50 

4.45 

9. 

12 

14.92 

77 

80 

5 . 7  0 

11.06 

17.24 

89 

65 

8 . 94 

15.87 

23 . 20 

100 

00 

15.65 

23/ 

7  5 

32 . 47 

Wt. 

%  A 

<P  40 

pr,o 

^80 

0 

00 

41.6 

64 

81 

90.9 

15 

54 

33 . 95 

55 

.87 

81.8 

28 

94 

28 . 25 

49 

63 

75 . 4 

40 

16 

25 . 06 

45 

55 

71.1 

46 

61 

23  8 

43 

.95 

69 . 3 

51 

68 

23.1 

43 

01 

68 . 4 

56 

87 

22.8 

42 

.55 

68.0 

60 

61 

22.7 

42 

.55 

68.0 

65 

18 

23.0 

42 

74 

68.5 

68 

50 

23.6 

43 

1 

69.2 

77 

80 

26.4 

46 

6 

73.1 

89 

65 

33.2 

54 

8 

81.8 

100 

00 

43.1 

66 

1 

93 . 5 

Wt. 

%  A 

P110 

PlSO 

0 

00 

141. 

0 

224 . 2 

15 

54 

128. 

0 

200 . 8 

28 

94 

118. 

8 

185 . 5 

40 

16 

112. 

9 

176.1 

46 

61 

111. 

0 

173.3 

51 

68 

110 

0 

171.8 

56 

87 

109. 

6 

170.9 

60 

61 

109. 

6 

170.9 

65 

18 

110. 

2 

171.2 

68 

50 

Ill 

0 

172.1 

77 

80 

114. 

6 

174.8 

89 

65 

122. 

0 

178.9 

100 

.00 

131 

6 

183.2 

Wt. 

%  A 

•Pib  (140) 

PS0  (14°) 

0 

.0 

27.62 

49  75 

29 

.7 

15.41 

34.84 

38 

.6 

12.97 

32.89 

50 

.  05 

10.59 

30.67 

58 

.2 

10.38 

29.85 

59 

.6 

10.1 

>2 

30 . 30 

84 

.  1 

14.90 

54.72 

91 

.6 

18.59 

58.91 

100 

0 

24 . 33 

49 . 63 

B  = 

C,H 

SN,,  Phony 

hydrazine 

(140) 

Wt.  % 

B 

P&0 

0.0 

49 

63 

14.7. 

28 

49 

36  0 

13 

97 

46.5 

12 

09 

49.3 

12 

22 

75.0 

14 

38 

100.0 

21 

83 

B 

=  c7hmo2, 

Isoamvl  ace- 

tate 

(136 

);  for  80.2 

Wt 

•  %  B, 

•fib  = 

=  83.: 

l 

B  =  CsHnN,  Dimethvlaniline 

(17) 


Wt. 

%  B 

Po 

<£•10 

P20 

0 

00 

9 

27 

15 

65 

23 

75 

9 

86 

6 

89 

12 

50 

21 

10 

16 

19 

6 

36 

11 

88 

20 

08 

19 

13 

6 

32 

11 

85 

20 

00 

24 

59 

6 

49 

12 

05 

20 

45 

29 

50 

6 

94 

12 

56 

21 

32 

39 

60 

8 

40 

14 

88 

24 

15 

47 

51 

10 

16 

17 

61 

27 

03 

59 

35 

14 

79 

23 

26 

32 

79 

72 

29 

22 

99 

31 

90 

41 

15 

85 

33 

33 

11 

42 

74 

53 

79 

100 

00 

49 

38 

60 

42 

72 

20 

Wt. 

%B 

P  30 

V?40 

Peo 

0 

00 

32 

47 

43 

10 

66 

09 

9 

86 

29 

33 

40 

82 

63 

37 

16 

19 

28 

21 

40 

41 

62 

77 

19 

13 

28 

21 

40 

49 

62 

93 

24 

.59 

28 

53 

41 

67 

63 

98 

29 

.50 

29 

33 

43 

39 

65 

62 

39 

60 

32 

36 

47 

96 

70 

32 

47 

51 

35 

84 

52 

23 

74 

74 

59 

35 

42 

55 

60 

24 

82 

64 

72 

.29 

52 

91 

70 

92 

92 

76 

85 

.33 

67 

89 

80 

45 

106 

4 

100 

00 

85 

47 

97 

66 

125 

3 

Wt.  %  B 

P80 

0.00 

93.5 

9.86 

91.3 

16.19 

91.2 

19.13 

91.7 

24 . 59 

93.3 

29 . 50 

95.2 

39.60 

100.5 

47.51 

105.4 

59 . 35 

113.9 

72.29 

124.4 

85 . 33 

136.8 

100.00 

152.0 

B  =  C9H7N,  Quinoline  Q7) 


Wt. 

%  B 

<P0 

<£>io 

<P20 

0 

00 

9 

268 

15 

65 

23 

75 

13 

34 

2 

542 

5 

501 

10 

05 

27 

82 

0 

746 

2 

077 

4 

576 

36 

58 

0 

408 

1 

241 

3 

163 

42 

08 

0 

332 

1 

083 

2 

730 

45 

06 

0 

331 

1 

080 

2 

685 

46 

72 

0 

342 

1 

109 

2 

710 

49 

69 

0 

392 

1 

214 

2 

849 

51 

19 

0 

444 

1 

299 

2 

990 

57 

16 

0 

889 

1 

988 

4 

233 

67 

47 

2 

410 

4 

503 

7 

690 

83 

21 

6 

897 

10 

526 

15 

11 

100 

00 

14 

64 

20 

83 

27 

47 

Wt. 

%  B 

P  30 

•P*  0 

poo 

0 

00 

32 

47 

43 

10 

66 

09 

13 

34 

15 

60 

23 

09 

41 

24 

27 

82 

7 

80 

13 

09 

27 

06 

36 

58 

5 

74 

10 

00 

22 

10 

42 

08 

5 

30 

9 

18 

20 

49 

45 

06 

5 

26 

9 

11 

20 

28 

46 

72 

5 

26 

9 

13 

20 

24 

49 

69 

5 

44 

9 

32 

20 

41 

B  =  C.,HtN. — ( Continued ) 


Wt. 

%  B 

P30 

•Pi  0 

<£60 

51 

19 

5 . 

58 

9. 

55 

20 . 66 

57 

16 

6. 

J4 

11 . 

16 

22 . 73 

67 

47 

10. 

98 

15. 

75 

27 . 82 

83 

21 

20. 

53 

26. 

95 

42 . 02 

100 

00 

34.01 

41 . 

1:; 

59.84 

Wt. 

%  B 

V?80 

P110 

PlSO 

0 

.00 

93 

.5 

131 

.6 

183. 

2 

13 

.34 

62 

.5 

99 

.3 

153. 

8 

27 

.82 

45 

.35 

79 

.0 

131. 

8 

36 

.58 

39 

.06 

70 

.9 

121. 

6 

42 

.08 

37 

.04 

68 

.  1 

117. 

6 

45 

.06 

36 

.04 

66 

.9 

116. 

3 

46 

.72 

35 

.91 

66 

.6 

115. 

6 

49 

.69 

36 

.04 

66 

.4 

115. 

2 

51 

19 

36 

.23 

66 

.4 

115. 

1 

57 

.61 

38 

.54 

68 

.4 

116. 

7 

67 

.47 

45 

.01 

75 

0 

122. 

7 

83 

.21 

59 

.77 

88 

.6 

134. 

2 

100 

.00 

80 

.00 

107 

.5 

150. 

2 

B  =  CnHnN,  Diphenyl- 


methylamine  Q  7) 


Wt.  %  B 

<Po 

P10 

<p  20 

0.00 

9.27 

15 . 65 

23.75 

10.38 

9 . 07 

14.97 

22.73 

20.66 

8.83 

14.31 

21.79 

31.24 

8  55 

13.70 

20.88 

42.42 

8 . 22 

13  04 

19  92 

49.48 

8.00 

12.58 

19.23 

61.65 

7.51 

11.83 

18.08 

74.10 

6.85 

11.01 

16.81 

86.17 

6.18 

10.15 

15.46 

100.00 

5.45 

9.13 

13.79 

Wt.  %  B 

P30 

P40 

P60 

0.00 

32.47 

43.10 

66.09 

10.38 

32.11 

41.84 

63 . 49 

20.66 

29 . 76 

40.16 

61.05 

31.24 

28.49 

38 . 46 

58.47 

42.42 

27.14 

36.36 

55.71 

49.48 

26 . 29 

35.09 

54 . 05 

61.65 

24.81 

32.89 

50.89 

74.10 

23 . 23 

30.77 

47.39 

86.17 

21.58 

28.57 

43.96 

100.00 

19.49 

26.04 

40.32 

Wt.  %  B 

•Pm 

0.00 

93. 

5 

10.38 

89 

3 

20.66 

84 

7 

31.24 

80 

8 

42.42 

76 

9 

49.48 

74 

2 

61.65 

70 

4 

74.10 

66. 

7 

86.17 

62 

8 

100.00 

57 

6 

C„Hr,C10 

m-Chlorophenol 
B  =  Cf.H;N,  Aniline  (140) 


%  A 

P25 

•PbO 

0.0 

27.62 

47.62 

24.6 

16.31 

37.74 

39.9 

12.33 

31.15 

59.7 

9.23 

24.81 

B  =  CrH;N. — ( Continued ) 


Wt.  %  A 

^>50 

69.9 

7 . 56 

22 . 27 

80 . 65 

8.03 

23 . 04 

91.0 

8.44 

24.18 

100  0 

8.66 

25.13 

B  =  C7H ] 4O2,  Tsoamyl  ace¬ 
tate  (136);  for  80.2  Wt.  %  B, 
P25  =  80.4. 


CoH5C10 

p-Chlorophenol 
B  =  CcHrN,  Aniline  (140) 


Wt.  %  B 

<P  25 

PSD 

0.0 

27.62 

49.7 

9.7 

22.12 

45.2 

29.8 

14.18 

32.6 

49.8 

8.93 

23.9 

58.2 

7.63 

22  2 

62.8 

7.09 

20.8 

70.1 

6.37 

19.5 

77.8 

5.85 

18.6 

84.6 

5.81 

18.6 

92.2 

5.95 

19.5 

100.0 

20.0 

B  =  C7H1402,  Isoamvl  ace¬ 
tate  (136);  for  80.2  Wt.  %  B, 
<P25  =  78.7. 


C6H6C12N 

Dichloroaniline 
B  =  CtHh02,  Isoamj'l  ace¬ 
tate  (139);  for  M  A/1  =  0.71,  pm 
=  102.2  for  2,  4-A;  =  89.3  for 
2,  6-A. 

C0H5F 

Fluorobenzene 


B  =  C,;Hg,  Benzene  (i«4, 


°C 

<p 

25.78  Wt.  %  A 

0.2 

116.2 

10.6 

139.4 

21.1 

158.9 

30.4 

182.5 

40.3 

202 . 9 

49.9 

228.0 

59.8 

255 . 0 

70.5 

280.7 

79.5 

302.6 

49.76  Wt.  %  A 


0.3 

121.6 

9.7 

142.3 

19.8 

161.9 

30.5 

186.2 

40.2 

206.2 

50.1 

230.6 

60.1 

257.0 

69.8 

279.9 

80.2 

305.0 

75.04  Wt.  %  A 

0.2 

127.4 

10.4 

150.2 

19.8 

166.5 

30.1 

189.4 

40.0 

208.7 

FLUIDITY— NON-AQUEOUS  SOLUTIONS:  A  -  CJL 


45 


B  =  C,H„. — {Continued  t 


°c 

*> 

75.04  Wt.  %  A 

50.0 

232  2 

60.3 

257  9 

70  7 

282 . 6 

79  ,8 

304  8 

C,,H  I 


Iodobenzene 
B  =  C,H„,  Benzene  101 


49.95  Wt.  %  A 


0.3 

83 . 2 

7.7 

94.8 

21.2 

117.2 

30 . 9 

134  0 

40.4 

154.5 

49.7 

169.8 

59.0 

186.6 

69.7 

207.8 

74.81  Wt.  %  A 

0.1 

61.3 

8.6 

75 . 9 

22.1 

93 . 9 

30.5 

105  2 

40.3 

119.2 

50.1 

134.1 

61.0 

155.0 

69.4 

163.3 

C.H  IjN 

Diiodoaniline 

B  =  CtHmO-.,  Isoamyl  ace¬ 
tate  (>39);  for  M  A/1  =  0.71, 
<p26  =  89.3,  _ 

C,;H  N02 

Nitrobenzene 


B  =  CcHs,  Benzene  (103 


K  A/1 

<020 

0 

151.8 

952 

67 . 5 

1088 

56 . 7 

1155 

53.0 

1183 

51.3 

1193 

50 . 4 

1199 

50 . 2 

1201 

50.0 

1205 

49.9 

°C 

<0 

50  Wt.  %  B  (»02 

0 

76  9 

25 

114.3 

40 

142.8 

55 

166.3 

70 

192.0 

Wt.  %  A 

(") 

0.00 

166.9 

19.95 

146  8 

62 . 39 

98.3 

85.61 

69  6 

100  00 

54  5 

B  =  C.H.O,  Phenol  17  > 

Wt.  %  A 

<020 

0.00 

9.06 

15.32 

13.18 

B  = 

C,H,,0. 

. — (Continued) 

Wt. 

%  A 

<02' 

29 

97 

18 

5 

41 

.  36 

23. 

9 

50 

27 

28 

3 

62 

04 

35. 

15 

72 

.  59 

40. 

6 

81 

.88 

45. 

3 

91 

16 

49 

0 

95 

.84 

50 . 

6 

100 

.00 

51 

8 

B  =  C,H7N,  Aniline  (77 

M  %  A 

<A> 

0 

9 . 79 

39.8 

10 

13.53 

25 

18.76 

42.5 

35 

21.59 

45 

24.89 

46.5 

50 

25.80 

00 

26 . 05 

47.5 

65 

28.44 

75 

29.47 

49.3 

90 

30 . 95 

19  3 

100 

31.11 

48.9 

M  'o  A 

<0<u, 

0 

56 . 2 

72.2 

25 

61 .8 

79.6 

45 

64.1 

80.1 

55 

64.8 

80.1 

75 

64.1 

79 . 5 

90 

64.0 

78.0 

100 

64.2 

77  4 

B  =  C,H.-,0  ,  Paraldehyde 

(105) 


K  B/l 

<020 

0.0 

49.6 

5.33 

49.6 

8.24 

49.7 

10.89 

49.5 

21.32 

49.5 

41.19 

49  4 

54 . 47 

49.2 

106.6 

48.8 

205 . 9 

48.8 

272  4 

49.0 

II 

o 

X 

Hexane  (2S 

°c 

<0 

0.0  Wt.  %  A 

16.35 

310 

18.55 

313 

20  00 

314 

21  40 

319 

23.22 

323 

24.2  Wt.  %  A 

18  90 

237 

18.45 

241 

20  02 

245 

21.42 

250 

23.15 

253 

36.5  Wt.  %  A 

17  42 

182 

17.50 

195 

17.70 

195 

18  55 

196 

20  50 

•203 

B  =  CrHu. —  (Continued  i 

°c  I  * 

36.5  Wt.  %  A 


22  85 

210 

25  10 

216 

44.6  Wt.  %  A 

18.87 

165 

19  08 

173 

20  62 

187 

22  02 

185 

23  42 

189 

25  00 

194 

50.7  Wt.  %  A 

19.40 

133 

20  50 

143 

21.60 

154 

23 . 70 

161 

25 . 20 

165 

54.2  Wt.  %  A 

19  92 

126 

20  12 

131 

21 .70 

145 

23  25 

150 

25 . 40 

155 

64.4  Wt.  %  A 

18  30 

116 

18 . 75 

120 

20 . 95 

125 

22  90 

129 

24 . 92 

134 

70.8  Wt.  %  A 

14.8 

100 

15.8 

104 

18.5 

109 

19.9 

111 

21.6 

114 

23 . 3 

116 

25 . 1 

120 

79.6  Wt.  %  A 

15.09 

84. 

16.67 

87 

18.44 

89 

20  51 

91 

22  .73 

95 

24 . 30 

97 

100  Wt.  %  A 

13 . 5 

44 

18.0 

48 

23.0 

52 

28.0 

57 

32.0 

61 

35.0 

64 

B  =  CH.N,  o-Toluidine  (78 
M  %  B  <pt  i 

0.00  409 

33 . 34  37  9 

50  32  8 

66 . 67  27  6 

100  00 _ 16  7 

B  C.H  ,N,  Dimethvlaniline 


(7S) 

M  B 

<022 .  b 

0.00 

148  3 

25 

163  5 

32.13 

50  0 

B 

=  C.H 

uN,- 

-(Continued ) 

M  < 

B 

<pii 

022  h 

50 

53 

4  1 79  7 

67 

191 . 1 

68 

72 

56. 

1 

100 

00  ! 

61 

3  !  204  0 

B  «  C,H„N,  Ethylaniline  (78' 


Wt.  %  B 

^77* 

26  2 

160 

6 

50  41  8 

167 

5 

80 

175 

i 

100  |  33.6 

170 

7 

B  =  C.  Hk,  Naphthalene  (84> 

85) 

M  %  B 

ST*  o 

0 

125  8 

20 

123  8 

30 

122  6 

50 

119  6 

70 

117.2 

80 

115  7 

90 

114.2 

100 

112  9 

Z 

II 

Dicthylanilinc 

(78) 

Wt.  %  B 

*>n 

33.19 

40.1 

50 

39.3 

66 . 66 

36.7 

100  00 

30.7 

B  =  CiuHioO,  Menthol  (132 


Wt. 

%  B 

<0bi 

« 

74 

6 

0 

00 

95 

2 

127 

7 

11 

33 

99 

9 

133. 

5 

36 

12 

74 

0 

101 

8 

51 

11 

53 

8 

87 

0 

68 

61 

47 

5 

83 

7 

86 

73 

26 

8 

64 

8 

100 

00 

15 

9 

40 

5 

Wt. 

%  B 

2 

0 

00 

137 

4 

172 

1 

11 

.33 

148 

8 

187 

3 

36 

.12 

116 

7 

1.50 

8 

51 

.11 

102 

0 

136 

6 

68 

.61 

100 

0 

1  |:; 

.3 

86 

73 

85 

6 

137 

0 

100 

00 

54 

0 

96 

.1 

B  Diethyl  diacetyt 


tartrate  32 


Wt. 

%  B 

0 

67. 

50°C 

0 

(VI 

113 

3 

24 

80 

75 

3 

52 

45 

49 

7 

70 

91 

35 

9 

82 

95 

20 

3 

92 

74 

14 

0 

100 

00 

11 

17 

82 

2°C 

0 

00 

137 

4 

24 

80 

100 

52 

.45 

70 

6 

70 

91 

.50 

5 

82 

95 

32 

4 

46 


INTERNATIONAL  CRITICAL  TABLES 


C6H5NO  2.— {Continued) 
B  =  Ci;H,808. — ( Continued ) 


Wt.  %  B 

•f 

82.2°C 

92 . 74 

24  G 

100.00 

18.17 

99.0°C 

0.00 

172.1 

24.80 

129.1 

52 . 45 

96.3 

70.91 

76.4 

82.95 

51.0 

92 . 74 

40.4 

100.00 

32  0 

C6HbN03 

o-Nitrophenol 


B  =  C6H7N,  Aniline  07» 154) 


Wt. 

%  A 

•P30 

V  40 

0 

00 

31 

8 

41 

6 

10 

88 

33 

6 

43 

1 

22 

36 

34 

9 

44 

3 

32 

77 

35 

6 

45 

0 

42 

00 

35 

7 

45 

1 

51 

28 

35 

4 

44 

8 

60 

52 

34 

7 

44 

0 

68 

32 

33 

9 

43 

0 

77 

11 

32 

6 

41 

4 

85 

04 

31 

0 

39 

8 

91 

49 

29 

5 

38 

3 

100 

00 

27 

4 

36 

3 

Wt. 

%  A 

<Pb0 

<P80 

0 

00 

64 

8 

90 

9 

10 

88 

66 

1 

91 

4 

22 

36 

67 

3 

92 

1 

32 

77 

67 

7 

92 

5 

42 

00 

67 

7 

91 

9 

51 

28 

66 

9 

90 

9 

60 

52 

65 

6 

88 

7 

68 

32 

63 

9 

86 

6 

77 

11 

61 

6 

83 

4 

85 

04 

59 

2 

80 

1 

91 

49 

57 

4 

77 

6 

100 

00 

52 

8 

74 

2 

B  =  C7H9N,  p-Toluidine  (140) 


Wt.  %  B 

<PbO 

0.0 

37.3 

20.4 

46.5 

64.7 

54.5 

100.0 

55.6 

B  =  C9H7N,  Quinoline  (17) 


Wt. 

%  B 

<P30 

<P4  0 

0 

00 

27 

40 

36 

30 

4 

46 

29 

32 

35 

03 

8 

82 

25 

32 

33 

84 

13 

24 

24 

45 

32 

69 

17 

59 

23 

70 

31 

74 

22 

44 

22 

96 

30 

77 

32 

96 

21 

77 

29 

33 

41 

80 

21 

19 

28 

82 

50 

84 

21 

37 

28 

86 

58 

39 

22 

25 

29 

63 

69 

31 

24 

24 

31 

65 

78 

57 

26 

52 

34 

15 

89 

20 

29 

75 

37 

59 

100 

00 

34 

01 

41 

93 

B 

=  c9 

H7N.- 

-( Continued ) 

Wt. 

%  B 

<P  60 

V?80 

0 

00 

54 

8 

74 

2 

4 

46 

53 

4 

72 

9 

8 

82 

52 

4 

71 

8 

13 

24 

51 

3 

71 

1 

17 

59 

50 

3 

70 

4 

22 

44 

49 

4 

69 

4 

32 

96 

47 

8 

68 

0 

41 

80 

47 

1 

67 

3 

50 

84 

47 

1 

67 

4 

58 

39 

48 

0 

68 

0 

69 

31 

50 

1 

69 

6 

78 

57 

52 

7 

71 

9 

89 

20 

55 

9 

75 

7 

100 

00 

59 

8 

80 

0 

B  =  C7Hh02,  Isoamyl  ace¬ 
tate  (436);  for  78.9  Wt.  %  B, 
v?25  =  95.1  for  o-A;  =  69.0  for 
m-A;  =  63.9  for  p- A. 

c6h6 

Benzene 

B  =  CeHfiO 

Phenol  (HO) 

Wt.  %  B 

P20 

0.00 

159.0 

6.04 

146.4 

9.84 

138 . 1 

20.1 

115.6 

32.40 

88.8 

42.09 

71.4 

53 . 02 

52.3 

63 . 65 

37.85 

74.11 

26.24 

83 . 20 

18.69 

100.00 

9.06 

B  =  C6Hi0O3,  Ethyl  aceto- 

acetate  (35) 

Wt.  %  B 

<p2b 

0.00 

162.7 

2.78 

162.1 

10.47 

162.7 

43.56 

125.9 

93.88 

71.1 

100.00 

66.3 

B  =  C6Hi2,  Cyclohexane;  for 

data  at  20°C,  v.  (152-2). 

B  =  CdHi-iCL,  Paraldehyde 

(10S) 

gB/1 

P20 

0.000 

155.7 

4.740 

155 . 6 

6 . 768 

155.6 

18 . 960 

155.2 

33.841 

155.1 

94 . 800 

152.5 

169.208 

149.5 

822.4 

98.7 

896 . 9 

94.1 

959.1 

87.5 

989.6 

85.0 

994.8 

84.9 

B  =  C7HR,  Toluene  (so) 


Wt.  %B 

P16 

<p  20 

<P2b 

0 

142 

1 

154 

1 

165 

0 

25 

160 

3 

171 

2 

179 

9 

50 

158 

5 

167 

5 

176 

7 

75 

152 

7 

164 

7 

174 

2 

100 

159 

5 

170 

6 

180 

8 

Wt.  %  B 

P30 

<P3b 

<pt  0 

0 

177 

9 

189 

8 

203 

3 

25 

190 

5 

200 

8 

211 

9 

50 

188 

3 

199 

2 

210 

1 

75 

185 

5 

197 

6 

208 

3 

100 

192 

3 

202 

8 

214 

6 

Wt.  %  B  ¥>70  I  P80 


0  284.9  305 . 8 

50  285 . 7 

100  287.4  314.5 


Wt.  %  B 

P25  (") 

0.00 

166.9 

8.44 

168.4 

33 . 42 

172.7 

69.41 

179.2 

89.01 

180.2 

100 

184.8 

50  Wt.  %  B  (i<>2) 

°C 

<P 

0 

124.4 

25 

179.5 

40 

216.6 

55 

249.3 

70 

284.3 

B  =  C7HsO,  m-Cresol  (78) 


M  %  B 

<Pl2 

<P  64 

0 

137.9 

270.8 

25 

80.9 

189.5 

50 

34.0 

144.9 

75 

12.15 

93.9 

100 

3.37 

54.8 

B  =  C8HsO,  Acetophenone 

(18,  116) 


Wt.  %  B 

<P  16 

0.00 

145.8 

21.83 

122.0 

36.23 

113.5 

55.26 

87.9 

71.50 

72.7 

87.26 

60.8 

100.00 

50.2 

Wt.  %  B 

<P2b 

50 

105.6 

75 

78.7 

100 

59 . 9 

B  =  CJL4O3, 

Ethyl  ethylace- 

toacetate  (35) 

Wt.  %  B 

<P2b 

0.00 

162.7 

17.75 

149.0 

24.98 

141.3 

36.13 

129.4 

100  00 

60.0 

B  =  C9H7N,  Quinoline  (74) 

0  00 

165.0 

15.83 

128.1 

23.33 

122.0 

32.44 

106.9 

B  =  C9H7N. — ( Continued ) 


Wt.  %  B 

<P2b 

45 . 55 

88.6 

55.77 

74.9 

68.84 

61.3 

73.33 

52.4 

84.34 

42.7 

100.00 

29.75 

B  =  C9Hiri02)  Ethyl  benzoate 
(71) 


Wt.  %  B 

Vol.  %  B 

<f2b 

0.00 

0.00 

165.3 

22.35 

19.43 

138.0 

54.19 

49.78 

98.2 

67.74 

63.75 

83.3 

75.14 

71.70 

75.4 

85.86 

83 . 57 

64.2 

91.47 

90.00 

58.5 

100 . 00 

100.00 

50.2 

B  =  CioHg,  Naphthalene  (7Q 


0 

O 

O 

0 

0 

165 

3 

8 

11 

7 

3 

152 

3 

17 

16 

15 

2 

137 

7 

22 

97 

20 

6 

129 

8 

00 

82 

25 

8 

121 

0 

CO 

4* 

10 

30 

8 

114 

1 

37 

69 

33 

9 

109 

0 

For  data  at  10— 31°C,  v.  C74-1). 

B  =  C10H12)  1,  2,  3,  4-Tetrahy- 
dronaphthalene;  for  data  at 
20°C,  v.  (152.2), 

B  =  CioH1803,  Ethyl  diethyl- 


acetoacetate  (3S) 


Wt.  %  B 

<P2b 

0.00 

162.7 

3.65 

160.3 

14.16 

146.7 

49.52 

101.3 

68.19 

75.7 

100 . 00 

35.8 

B  =  C12H10,  Diphenyl  (7Q 


Wt.  %  B 

Vol.  %  B 

<P2b 

0.00 

0.0 

165.3 

18.08 

15.8 

131.8 

30.57 

27.3 

110.9 

53.03 

48.9 

77.0 

B  =  Ci4Hi202,  Benzyl  benzoate 


(!4) 


Wt.  %  B 

fb 

¥>I5 

<P2b 

0.0 

120.5 

142.5 

166.1 

25.0 

76  1 

92.8 

110.3 

50.0 

42.4 

48.0 

53  7 

75.0 

18.9 

25.0 

32  5 

100.0 

5.18 

8.25 

12.06 

Wt.  %  B 

<P40 

fto 

Pso 

0.0 

203.5 

257.9 

301.8 

25.0 

138.8 

179.3 

212.7 

50.0 

66.0 

86. 1 

115.6 

75.0 

45.9 

64.3 

82.0 

100.0 

19.07 

30.7 

44.6 

Wt.  %  B  ^>90  ifiiDo 

50.0  139.3 

100.0  52.3  60.4 
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B  =  C14HijOi. — ( Cvntinued 


Wt.  %  B 
0.0 
38.71 
65.60 
79  17 
90.73 
95.88 
100  00 


Vol.  %  B 
0.0 
33.08 
59.91 
74.84 
88 . 44 
94  78 
100  00 


fa  (71) 

165. 

4 

83. 

6 

43 

45 

27 

90 

18 

.25 

14 

53 

11 

.83 

B  =  Ci*H;;04,  sec.-Octyl  hy¬ 
drogen  phthalate  (36) 

Wt.  %  B  ns 

Racemic 

5.86 


8.24 
10  61 

14  95 

15  28 

18.29 


147.8 
139  1 
133.0 
118.6 
116.2 

108.8 

146  1 
132.0 
131 .0 
105.0 

106.2 


Dextro 

6.18 

10.71 

11.16 

19.44 

Levo 

19.29 


CcH„BrN 

Bromoaniline 

B  =  C7Hm02,  Isoamyl  ace¬ 
tate  (139);  for  M  A/1  B  =  0.71, 
*,26  =  103.5  for  o-A;  =  101.5 
for  p-A. 


CbH6C1N 

Chloroaniline 

B  =  C7HuOj,  Isoamyl  ac< 
tate  (139);  for  M  A/I  B  =  0.71, 
^55  =  108.1  for  o-A;  =  105.0 
for  to- A;  -  104.3  for  ?>-A. 


CcH„IN 

lodoaniline 

B  =  CtHmOj,  Isoamyl  ace¬ 
tate  (I39);  for  M  A/1  B  =0.71, 
v>2&  =  98.9. 


Cr.H,N-0, 

Nitroaniline 

B  =  CtHuOs,  Isoamyl  ace¬ 
tate  (I39);  for  M  A/1  B  =0.71, 
^26  =  98.8  for  o-A;  =  96.1  for 
to- A.  


C„H.O 


l’hetiol 


B  C«H:N,  Aniline  (‘ 7 


Wt.  %  A 
0.0 
7.94 
15.31 


fiO 

23  36 
19.65 
16 .39 


<P  12* 

157.0 
1.50.2 
144  3 


B  =  C,H;N. — ( Continued ) 


Wt.  %  A 

no 

nu 

23.34 

13  60 

138.3 

31.28 

11.25 

133.5 

39  39 

9.44 

129  9 

47.56 

8.23 

126.9 

53.81 

7.58 

125.2 

62  50 

7.05 

123.3 

69  52 

6  91 

122  4 

77.02 

7.04 

122.2 

85.02 

7.51 

123.0 

92.28 

8.19 

125.5 

100  00 

9.06 

129.9 

Wt.  %  A 

no 

no 

0.00 

31.? 

41.6 

7.58 

27. 2 

36.5 

15.96 

28.0 

27.7 

23.33 

19.7 

27.7 

31.65 

16.8 

24.4 

39.14 

14.6 

21.7 

47.14 

13.0 

19.6 

54.00 

12.0 

18.35 

61.84 

11 

2 

17.45 

69.28 

11.02 

17  15 

76.86 

11.25 

17.45 

84.80 

11.99 

18.32 

92 . 50 

13. 

02 

19.6 

100.00 

14. 

10 

21.0 

Wt.  %  A 

•Pto 

no 

0.00 

64. 

9 

90.9 

7.58 

59. 

2 

85.1 

15.96 

53. 

2 

78.1 

23.33 

48. 

0 

72.7 

31.65 

43. 

8 

67.6 

39.14 

40. 

2 

63.7 

47.17 

37 

45 

60.17 

54.00 

35 

8 

58 . 1 

61.84 

34 

5 

56.6 

69.28 

34 

0 

55 . 8 

76.86 

34 

25 

56 . 3 

84.80 

35 

3 

57.3 

92 . 50 

37 

2 

59.9 

100.00 

39 

7 

63.3 

Wt.  %  A 

ns  (,4°) 

0.00 

36  6 

35.1 

18.6 

51.4 

15.3 

67 .  f 

13  9 

79.7 

14  4 

100.0 

18.0 

M  %  A  I 

n> 

*PbA. 

6 

(77) 

(7  7 

) 

(77) 

0 

27. 

19 

50 

09 

63 

2 

10 

24 

42 

45. 

32 

25 

20 

38. 

45 

52 

6 

32 

17 

75 

36. 

15 

50 

•) 

40 

15. 

92 

46 

14 

67 

31 

69 

46 

s 

50 

13 

73 

30 

41 

45 

7 

54 

13 

17 

30 

O'.) 

!  ^ 

6 

60 

P2 

79 

29 

04 

44 

8 

68 

12 

62 

1  28 

72 

44 

7 

75 

12 

92 

28 

56  44 

6 

90 

14 

71 

19 

.48 

100 

|  30 

60  45 

.6 

B  =  C.H,Nj,  Phcnylhydra- 
zine  (l  40) 


Wt.  %  B 

•PbO 

0.0 

31.2 

20.2 

19.05 

40.2 

13.36 

50  1 

12.47 

53.7 

12  20 

62.8 

12  42 

80.4 

15.26 

100  0 

21.83 

B  =  C;H»N,  p-Toluidine  (17) 


Wt.  %  B 

no 

»  ' 

na 

a 

no 

1 

0 

00 

20 

88 

39 

7 

63 

25 

10 

24  1 

18. 

59 

36 

0 

58 

4 

19 

81 

16 

91 

33 

4 

55 

4 

00 

89 

15 

95 

32 

2 

53 

8 

37 

30 

15 

90 

32 

1 

53 

8 

44 

91 

16 

63 

33 

2 

55 

4 

53 

75 

18 

42 

35 

6 

58 

6 

61 

43 

20 

75 

39 

0 

62 

5 

70 

14 

24 

45 

13 

8 

68 

1 

79 

33 

29 

.83 

50 

4 

75 

6 

90 

15 

38 

00 

60 

6 

87 

0 

100 

.00 

48 

.08 

1  71 

.5 

99 

.4 

Wt.  %  B 

n».a 

nj6 

0.00 

89. 

7 

129.9 

10.24 

85. 

4 

124.1 

19.81 

82. 

6 

120.5 

28.89 

80. 

6 

118.1 

37 . 30 

80 

3 

117.5 

44.91 

81. 

6 

118.8 

53.75 

85 

1 

122.0 

61.43 

89. 

1 

126  6 

70  1 4 

95. 

2 

133.5 

79  33 

103 

2 

141.6 

90.15 

115 

1 

1 52 . 7 

100.00 

130 

6 

164  5 

Wt.  %  B 

<P  1W 

0.00 

168 

9 

203  3 

13.66 

161 

8 

196  9 

20 . 57 

158 

7 

195.3 

23.75 

157 

.5 

194  2 

34.31 

156 

.0 

192.3 

43  69 

157 

.2 

193.4 

54  39 

161 

6 

197.2 

61.76 

165 

.8 

201 .8 

65 . 58 

168 

.4 

204  1 

76  89 

178 

6 

213  7 

83  38 

184 

.8 

219.3 

100  00 

303 

7 

236  4 

Wt.  <3 

B 

no  (14<B 

0 

0 

14  29 

28 

5 

11.19 

37 

8 

10  40 

41 

2 

10  62 

52 

5 

11.57 

60 

1 

13.21 

B  C7H14O},  Isoamyl  ace¬ 
tate  (,36) 

Wt.  %  B  ns 

84  7  90  5 


B  =  C*HnN,  Dimethylaniline 

(1T) 


Wt.  %  B 

0  00 
7  24 
14  61 
21.86 
30  03 
37.18 
44.25  I 
51.73 
59.61 

66 . 92 
76.06 
82  70 

90 . 93 
100  00 

Wt.  %  B 

0.00 
6.81 
13.92  1 
21  17 
29  01 
36  05 
43.86 
50.81 
58  54 
67  29 
7.5  40 
83 . 39 
92  07 
100.00 

Wt.  %  B 

0.00 
6.81 
13.92 
21 . 17 
29.01 
36.05 
43  86 
50.81 
58.54 
67.29 
75.40 
83.39  | 
92  07 
100  00 

Wt.  %  B 

0  00 
7.24 
14  61 
21.86 
30.03 
37.18 


59.61 
66  92 
76  06 
82  70 
90  93 

100  00 


no 

4  975 

5  09 
5  40 
6.10 
7.42 
9  14 

11.51 
14.37 
18.81 
I  23 . 89 
31  80 
38  67 
48.17 
60 . 46 

na.« 

14  10 
14.58 
15.43 
16.6 
18.8 
21  3 
25.4 
30.0 

35.3 
43  2 
51.6 

61.4 
74.0 
85.2 

na.a 

39.5 

37.5 
42.0 
44  0 

47 .6 
51.0 

56.8 
63.0 
70.0 
78  9 
89.0 

99.9 
113  9 

125.2 

me 

129  9 
131.4 

134.2 
137  4 
142  2 
147  1 
153.1 
159  5 
168  4 
177  0 

188.3 
196  9 
207  5 
216  9 


9  06 
9  2(1 
9  71 

10  64 
12  48 
14  82 
17.73 
21  28 
26  53 
32  4 
414 
48  9 
59  4 

72  1 

0.1 

21  1 
21.8 
22  7 

24.1 
26.9 
29  9 
35  0 
39  8 
45.8 
54.35 

63.7 

73  8 
86  3 
97  9 

no 

63.1 

63.8 

65.7 

67.9 

72.5 

76.2 

82.4 

89.4 

97.6 

106.7 

117.4 

127.9 

141.4 
152.0 

•pm 

204  1 
214.1 
217  4 
'  220.8 
,  226  2 
231  5 
237  0 
243  9 
|  251  3 
259  1 
268  8 
I  276  2 
I  284  1 
293  3 
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INTERNATIONAL  CRITICAL  TABLES 


C,-,H,0. — (Conti  n  ua 

0 

B 

=  C,0H,N 

a- Naphthyl- 

B 

C,H;N,  Quinoline  ( 

1  7  ) 

inline 

,  (11U 

; 

Wt. 

%  B 

<P30 

¥>60 

Wt. 

%B 

^9.8 

¥>20.  1 

0 

0 

14 

.29 

31.2 

0 

00 

4.98 

9 

06 

52 

0 

4 

.02 

11.7 

7 

94 

4.13 

7 

48 

56 

.5 

3 

.72 

11.11 

16 

63 

3.17 

6 

02 

79.1 

3 

.09 

9.17 

23 

12 

2.61 

5 

15 

92 

.5 

8.85 

31 

79 

2.11 

4 

30 

100 

0 

8.93 

39 

70 

1  .90 

3 

95 

46 

SO 

1.97 

4 

08 

B 

=  c 

!  ■jH  1 1 

N,  Diphenyl- 

54 

92 

2.67 

4 

92 

amine  (J 7 

62 

48 

3 . 78 

6 

65 

Wt. 

%  B 

^30 

Vi  1) 

70 

24 

5 . 96 

9 

45 

0 

00 

14 

10 

21  10 

77 

27 

8.55 

12 

74 

7 

96 

13 

.78 

20 . 64 

85 

44 

12.35 

17 

47 

15 

41 

13 

48 

20.1 

92 

46 

16.16 

21 

77 

23 

40 

13 

.07 

19.5 

100 

00 

20.81 

27 

51 

31 

16 

12 

.  64 

18.9 

40 

35 

12 

.08 

18.15 

Wt. 

% 

¥>29.9 

¥>40 

46 

57 

11 

.61 

17.6 

0 

00 

14.10 

21 

01 

53 

44 

11 

.  14 

16.9 

8 

21 

1 1 . 85 

18 

12 

61 

40 

10 

.56 

16.1 

16 

51 

9.90 

15 

24 

69 

13 

9 

.97 

15.3 

24 

25 

8 . 50 

13 

37 

76 

71 

9 

.33 

14.4 

32 

08 

7.44 

11 

92 

84 

82 

8 

.58 

13.5 

40 

11 

6.76 

11 

06 

92 

13 

7 

.96 

12.6 

47 

69 

6.96 

11 

27 

100 

00 

7 

.37 

11.8 

55 

38 

8.19 

12 

58 

Wt. 

%  B 

<P  61 

¥>81 

62 

86 

10.36 

15 

15 

0 

00 

39 

.84 

63.5 

70 

18 

13.47 

18 

74 

7 

96 

39 

.53 

62.1 

78 

04 

17.85 

23 

84 

15 

41 

39 

.00 

61.0 

lO 

oo 

08 

22  25 

28 

95 

23 

40 

38 

.  17 

59.5 

92 

23 

27.43 

34 

66 

31 

16 

37 

.24 

58.0 

100 

00 

39.97 

41 

95 

40 

35 

35 

.84 

56.1 

Wt. 

%B 

46 

57 

34 

.90 

54.7 

<Pco 

<P80 

53 

44 

33 

.78 

53.2 

0 

00 

39.68 

63 

3 

61 

40 

32 

.42 

51.2 

8 

21 

34.78 

56 

0 

69 

13 

31 

.02 

49.4 

16 

51 

30.17 

49 

3 

76 

71 

29 

.50 

47.1 

24 

25 

26.95 

45 

0 

84 

82 

27 

.86 

44.6 

32 

08 

24.39 

41 

4 

92 

13 

26 

.11 

42.4 

40 

11 

22 . 73 

38 

7 

100 

00 

23 

.98 

39.6 

47 

69 

22.94 

38 

3 

Wt.  %  B 

¥>60  (1  40) 

55 

38 

24 . 39 

39 

7 

0.0 

31.2 

62 

86 

27.43 

43 

3 

32.4 

26.15 

70 

18 

32 . 05 

48 

3 

58.9 

22.93 

78 

04 

38.24 

55 

3 

79.5 

20.0 

85 

08 

44.54 

62 

4 

92 

23 

51.28 

70 

2 

B 

=  C 

l*HI8 

08,  Diethyl 

100 

00 

59.84 

80 

0 

diaeetvltartrate 

(132) 

Wt. 

%  B 

¥>126 

<Pl 

75 

Wt. 

0 

%B 

0 

<Pbi.  6 

39.9 

¥>67.3 

57.4 

0 

00 

129.9 

203 

.3 

30 

87 

34 

.7 

49.6 

7 

94 

119.5 

194 

9 

55 

45 

19 

.  5 

30.0 

16 

63 

108.9 

184 

5 

68 

37 

12 

.0 

18.9 

23 

12 

103 . 2 

175 

4 

84 

38 

10 

.26 

16.3 

31 

79 

94.8 

165 

0 

94 

58 

8 

.24 

14.3 

39 

70 

89.4 

158 

2 

100. 

00 

11 . 17 

46 

80 

86.4 

154 

i 

Wt. 

%  B 

<P3 

2. 2 

fn 

54 

92 

86 . 6 

153 

4 

0. 

00 

85 

.6 

125.2 

62 

48 

89.2 

153 

8 

30. 

87 

70 

.6 

103.3 

70 

24 

94  0 

155 

8 

55. 

45 

44 

9 

69.3 

77 

27 

101.2 

160 

8 

68. 

37 

32 

3 

45.4 

85 

44 

111.0 

170 

1 

84. 

38 

28 

7 

45.8 

92 

46 

119  5 

177 

3 

94 

58 

24 

6 

40.3 

100 

00 

127.2 

182 

8 

100 

00 

18 

17 

32  0 

B  =  C 

i  .HijN,  Diphenyl- 

B  =  CflH,,.- 

— ( Continued, ) 

methylamine 

17) 

°C 

p 

Wt.  %  B 

¥>9.8 

<T2o. : 

45.63  Wt.  %  A 

0.00 

4.98 

9.06 

37.0 

90.1 

10.70 

5 . 33 

9.54 

52.1  Wt.  %  A 

21.21 

5.71 

10 . 05 

29.6 

60.2 

32.90 

6.20 

10.69 

31.0 

68.0 

43.13 

6.66 

1 1 . 30 

32.0 

71.4 

00 

LO 

1C 

7.09 

11.83 

35 . 0 

78  7 

63.08 

7.66 

12.53 

37.0 

82.0 

72.31 

8.16 

13.09 

58.75  Wt.  %  A 

82.82 

8.73 

13  70 

31.6 

66.2 

90 . 52 

9.12 

13.99 

31.9 

67.6 

95 . 08 

9.17 

14.12  (?) 

32.4 

69.4 

100.00 

9.12 

13 . 85 

33 . 6 

71.9 

Wt.  %  B 

1^30 

<^40 

36.5 

78.7 

0.00 

14.10 

21  10 

72.78  Wt.  %  A 

9.95 

14.86 

22  17 

27.9 

52.6 

17.78 

15.38 

22.73 

30 . 0 

55 . 9 

26.42 

15.97 

23 . 36 

33.0 

60.6 

37 . 88 

16.75 

24  10 

36.0 

65 . 4 

50 . 13 

17.54 

24.88 

100  Wt.  %  A 

64.66 

18.45 

25 . 77 

19.0 

22.4 

79.96 

19.27 

26.53 

23.0 

25.8 

89.79 

19.49 

26.60 

26.0 

28.4 

95 . 02 

19.61 

26.43 

29.0 

31.2 

100.00 

19.49 

26.08 

32.0 

34.1 

Wt.  %  B 

ip60 

¥>80 

35.5 

37.6 

0.00 

39.53 

63  09 

B  =  CnHsIN. 

Aniline  hydro- 

9.95 

40.08 

63 . 05 

iodide  ( 1 2  0 ) 

17.78 

40.49 

63 . 09 

Wt.  %  B 

¥>25 

26.42 

40.90 

62 . 93 

0.00 

27.5 

37.88 

41.41 

62.74 

2.04 

25.2 

50.13 

41.75 

62.38 

4.21 

22.2 

64.66 

42.11 

61.58 

9.04 

17.8 

79.96 

42.19 

60.61 

14.05 

13.5 

89.79 

41.67 

59.45 

18.00 

11.4 

95.02 

100.00 

41.07 

40.32 

58.55 

57 . 64 

20.48 

9  73 

C„H7N 

Aniline 

B  =  Cr,Hi2,  Cyclohexane  (25) 
°C  |  v 
0  Wt.  %  A 


B  =  C;HS,  Toluene  (»«) 


Wt.  %  B 

¥>85 

<pioo 

25 

168.6 

200 

50 

226 

256 

75 

293 

330 

17 
22 
27 
32 
35 

28.45  Wt. 
30.0 
31.0 
33.0 
35.0 
37.0 

42.85  Wt. 
31  0 
32 . 5 
34.0 


97.1 


B  =  C;HsO,  m-Cresol  (™) 


107 

5 

M  % 

B 

Pa 

<P3i.l 

¥*64 

116 

3 

0 

9 

.79 

34 

.43 

57 

71 

126 

6 

10 

7 

.  18 

29 

.47 

52 

74 

133 

3 

25 

1 

.23 

22 

.17 

46 

69 

%  A 

35 

2 

.87 

18 

.77 

43 

59 

93 

5 

45 

1 

.95 

15 

.97 

40 

60 

97 

1 

50 

1 

.66 

14 

.78 

102 

0 

55 

1 

.49 

13 

.98 

37 

85 

107 

5 

65 

1 

.22 

12 

.80 

36 

37 

112 

4 

75 

1 

12 

12 

.27 

35 

53 

%  A 

90 

1 

09 

12 

14 

34 

60 

65 

8 

100 

1 

19 

12 

.34 

35 

90 

78 

1 

M  % 

B 

<PTt. 

3 

^96.9 

87.0 


64.60 


77  11 


36.0  94.3 


37  0  96.2 


45.63  Wt. 

31.5 

32.5 
36.0 


%  A 
70.4 
76.9 
87.7 


25 

45 

55 

75 

90 

100 


54 . 92 
49.42 
47  53 
45.51 
45.32 
45  85 


69  08 
63 . 49 
60  93 
59 . 37 
58 . 93 
58  99 
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B  =  C7H.O.  ( Continued 1 


M  %  B  yn 

(144 

0.0 

26  87 

30 . 0 

14  71 

37.4 

12.20 

46  1 

10 . 39 

54 . 9 

8 . 993 

63.1 

8.20 

77.8 

8.12 

100.0 

7.75 

B  =  C;H,0,  7>-C resol  140 

Wt.  %  B 

<P2b 

y« 

0.0 

27 . 62 

49  7 

30.0 

14.39 

34 . 1 

53.6 

9.35 

25.2 

62.7 

8.06 

23.5 

79.5 

6.94 

21  6 

90.0 

6.90 

21.2 

100  0 

21 .6 

B  =  Isoamyl 

a  date  I1 39 ) 

M  A/1  B  yss 

0.71  113.1 


B  = 

C\H 

KiO, 

Phem 

dole  (17) 

Wt.  %  B 

yo 

ys 

9 

y2o. 

2 

0. 

00 

9. 

15. 

85 

23. 

47 

11. 

74 

12. 

52 

19. 

12 

27. 

47 

21. 

75 

15. 

27 

22 

57 

31. 

55 

32. 

30 

18. 

25 

26. 

67 

36. 

4 

43. 

68 

22. 

17’ 

31. 

15 

41. 

8 

54 

66 

26. 

36. 

2 

47. 

6 

65 

69 

31 

20 

41 

9 

54. 

4 

76 

54 

36 

70 

48 

2 

61 

4 

88 

49 

44 

15 

56 

2 

70 

0 

100 

00 

53 

76 

65 

4 

80 

6 

Wt. 

7c  B 

y2S 

.6 

<P  40 

<p6Q 

0 

(M) 

31 

8 

41 

6 

64 

7 

11 

74 

37 

0 

48 

1 

71 

7 

21 

.75 

42 

0 

55 

.6 

78 

.1 

32 

.30 

47 

.3 

59 

.7 

1  85 

.4 

43 

.68 

53 

.  5 

66 

.  7 

1  93 

.9 

54 

.66 

59 

.9 

73 

.8 

1 102 

1 

65 

.69 

66 

0 

81 

.6 

111 

.6 

76 

.54 

74 

.9 

90 

.4 

121 

.  1 

88 

.49 

85 

.  5 

101 

8 

132 

8 

100 

.00 

97 

1 

111! 

.3 

145 

.6 

Wt.  %  B 

0.00 

11.74 

21 .75 
32.30 
43  68 
54  66 
65  69 
76  54 
88.49 

100  00 


y80 
90  9 
98  7 
105  0 
114.0 

122  H 
131 .9 
141 .6 

151 .8 

165.8 
179  2 


C,H  O 

B  =  C^HuO,.— 

Continued) 

Mesityl  oxide 

Wt.  Vc  B 

y 

B  =  C:H  (0  ,  Isnamvl  acetate 

1  =  82.2 

’C 

(31) 

0  00 

140  5 

Wt.  %  B  y» 

25.92 

88  9 

86.85  134  0 

49  32 

68  2 

91  42  131  7 

67  74 

80  77 

45  2 

34  1 

C,H,  O, 

92  18 

23.2 

Ethyl  acetoacetate 

100  00 

18  17 

B  =  C;H,N,  2,  6-Lutidine  135 
<T!i 

112.5 

107.6 


Wt.  %  B 


0.00 
10.9 
32 . 63 
52.01 


98.2 

87 . 3 


88.55  |  69 . 5 

100.00  65  1 


CeH.oOe 

Dimethyl  d-t  art  rate 
B  =  CcHioOe,  Dimethyl  dl- 
tartrate  (138) 

Wt.  %  B  I  y  ss 
0  7.52 

50  7.63 

100  7  69 


Cr,Hu 

Hexane 

B  =  C  mil  1 2^  1) 

hydronaphthalene;  for 

20°C,  a.  (I53-2). 


B  =  C 1,  H 1 
Wt.  %  B 
46.30 
79  35 
93  21 
100  (Ml 


(f'ontinued 

y» 

142  6 
102  2 
S3  9 
74  5 


C7H,0 

Benzyl  alcohol 

B  CrHuO.,  Isoamyl  acetnti 


4-Tetra- 
data  at 


B  =  CioH;-.,  Decane  (Diiso¬ 
amyl)  (»«) 

yn 


Voi.  r; 

y26 

B, 

25  <  3 

0.00 

304  0 

i  33  17 

228  9 

59.82 

181.0 

100.00 

120.8 

0.00 
35 . 50 
62 . 28 
100  (X) 

Wt.  %  B  y6o 
0.00  403.8 

35.50  312.6 

62  28  254 . 6 

100.00  180.5 


459  2 
356 . 5 
294.2 
213.4 


C,H,N, 

Phenyloncdiamine 

B  =  C:HltO  ,  bo imyl  ace¬ 
tate  (I39);  for  0.71  M  A  I  B,  y 
=  99.1  for  m- A;  =  101  7  for o-A. 


-  c7h7no 

Benzaldoxime 

B  =  CtHuOj,  Isoamyl  ace¬ 
tate  (»37);  for  M  AA(C,= 
0.25,  y24.7  =  119.4  for  a- A;  = 
118.5  for  d-Aj _ 

=uSrNof= 

m-Nitrotoluene 

B  =  C,2H„Os,  Diethyl  dince- 
tvltartrate  (132) 


Wt.  %  B 


t =67.3°C 


0.00 
25  92 
10  32 
67  74 
80.77 
92  18 
100  00 


115.3 
72.2 
49.4 
30  9 
21  8 
18  2 
11.17 


I  =  99.0°C 


1  36 


0.00 
25  92 
49 . 32 
07.74 
80  77 
92.18 
100.00 


175.3 
117  2 
96  0 
65 . 5 
53.0 
37.2 
32 . 0 


Wt.  %  A 
17  2 


06  6 


cth, 

Toluene 

B  =  C:H,0,  m-(  'resol  (78) 


CrH,0 

m-Cresol 

B  =  C;H»N,  o-Toluidine  i78 


M 


or  A 
/ o 


^12 


0 

3.37 

54.8 

25 

12.1 

91.4 

50 

40  0 

154.3 

75 

88.3 

215.3 

100 

132.7 

268 . 1 

B  = 

C.H 

Oj,  Ethyl  benzoate 

(71  );<•/•  (") 

Wt.  %  B  I 

Vol.  %  B 

<P2b 

0. 

00 

0.00 

181 .2 

22 

67 

19.51 

146.1 

47. 

26 

42.56 

110.2 

73 

51 

69 . 64 

78.2 

81. 

90 

78 . 90 

68.9 

89 

85 

87.98 

60.4 

100 

(M) 

100.00 

50  25 

15  = 

Ci  .H,,  Naphthalene  71 

0 

0 

0.0 

181.0 

5 

.73 

4.8 

171.1 

13 

.72 

11.8 

156.4 

20 

.12 

17.4 

145.6 

27 

.31 

24.1 

133.9 

M  %  B 

yu 

y«« 

0 

3 

37 

54 

8 

25 

2 

97 

53 

2 

50 

3 

92 

58 

4 

75 

8 

12 

74 

9 

100 

17 

22 

101 

7 

M  %  A 

yu  (144 

0.0 

27  43 

33.0 

12.41 

49.6 

8.92 

06  2 

7  23 

75  1 

7.27 

100  0 

7.75 

B  =  CtHmO-.,  Isoamyl  ace¬ 
tate  (136l;  for  17.2  Wt.  %  A, 
y2S  =  S5.9  for  o-A;  =  85.7  for 
m- A ;  =  85.o  for  p~ A. _ 

B  =  C.H,.N,  Dimethylaniline 
(78, 


For  data  at 
,74.1  1 


10-3  rc.  v. 


M  %  B 

yj  I  y*« 

^*77 

0 

2.47  54.8 

71.7 

25 

68.0 

26.9 

6.65 

77.3 

50 

118  98.3 

65 . 1 

21.3 

75 

138.3 

100 

58  0  165  7 

1202.8 

B 

=  C„ 

H  ,  Diphi 

nyl  (71) 

0 

0 

0. 

0 

181.2 

21 

38  [ 

18. 

6 

136.3 

32 

02 

28. 

2 

116.4 

38 

97 

34 

8 

103  9 

B 

C  1  <H  |  jO  ;, 

Benzyl  Kenzo- 

ate  (7> ) 

0 

(Ml 

0 

00 

181.2 

41 

69 

35 

58 

84.5 

68 

11 

56 

93 

49.6 

81 

09 

76 

82 

27.7 

89 

60 

86 

94 

19.7 

95 

.41 

94 

.16 

15.0 

100 

00 

1(M) 

00 

11. as 

B 

=  Ci 

Hu 

?),  Turpentine 

(99) 

Wt.  A 

B 

fli 

0  00 

185.5 

24  91 

164.7 

C;HX> 

Anisole 


136 


wt.  1  V 
17  2 


y,» 

121  0 


c7h.n 

Toluidine 

B  =  CtHmO,  Isoamyl  acetate 

ii39,;  for  m  A/1  B  0.71, 

y„  -  113.1  for  O-A;  =  113.4  for 
m-  ami  ;>-A. 

CtHNO 

o-Anisidine 

B  =  C;HmOj,  Isiuiinyl  acetate 


139 


M  A/1 
0  71 


♦’ll 

108  5 
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C7H 14O2 
Isoamyl  acetate 
B  =  C„H,,  Phenylacetylene 
(60) 


Wt.  %  B 

¥>26 

0.00 

126.6 

7.43 

126.4 

100  00 

113.3 

B  =  C8H;N03,  Piperonal 

oxime  (137); 

for  M  B/kg  = 

0.25,  <f24  70  =  113.0  for  a-B;  = 

109.2  for  /3-B. 

B  =  CsHs,  Phenylethylene  (60) 

Wt.  %  B 

¥>26 

0.00 

126.6 

4.70 

125.9 

100.00 

90.2 

0) 

8.39 

124.6 

B  =  C8H80, 

Acetophenone 

(31) 

4.31 

124.7 

8.28 

122.3 

B  =  C8H802, 

Phenyl  acetate 

(136) 

20.7 

107.3 

B  =  C8H803, 

Mandelic  acid 

(36) 

Wt.  %  dl- B 

¥>26 

6.12 

95.4 

7.64 

90.9 

9.86 

84.2 

12.88 

74.9 

WTt.  %  Z-B 

¥>26 

4.72 

100.1 

7.93 

89.4 

8.55 

87.0 

11.39 

78.1 

B  =  CbH9N02,  Anisaldoxime 

(I37);  for  M  B/kg  =  0.25, 

¥>24  70  =  115.7  for  a-B;  =  114.6 

for  /3-B. 

B  =  C8Hio,  Phenylethane  (60) 

Wt.  %  B 

¥>26 

0.00 

126.6 

7.43 

129.9 

100.00 

164.6 

B  =  C8H1()0, 

Methyl  benzyl 

ether  (136) 

19.0 

117.9 

B  =  CSH,„0,  Phenetole  (i38) 

19.0 

117.0 

B  =  CsH,oO, 

Methyl  tolyl 

ether  (136);  for  19.0  Wt.  %  B, 

¥>26  =  115.5  for  o-B;  =  113.8 

for  ?n-B;  =  116.3  for  p- B. 

B  =  CoHoO,, 

Ihcnylpropiolic 

acid  (60) 

Wt.  %  B 

¥>26 

2.86 

116.7 

3.81 

113.3 

5.80 

105.7 

7.16 

100.4 

B  =  CgHTBrOo,  cis-Allo-l- 
bromocinnamic  acid  (137) 


M  B/kg 
0.25 

¥>24.  70 

115.2 

B  =  C9H7Br02,  trans- 1- 
Bromocinnamic  acid  (137) 
0.25  I  114.7 

B  =  CsH802,  Cinnamic  acid 
(60) 

Wt.  %  B  Ri 

3.89  112.1 

5  02  108.1 

B  =  C9Hui02,  /3-Phenylpro- 
pionic  acid  (60) 

Wt.  %  B  ¥>26 

4.01  j  115.5 

5.75  110.2 

B  =  C9Hh>02,  Benzyl  acetate 
(136) 

22.4  |  102.7 

B  =  C;,H10O3,  Ethyl  hydroxy- 
benzoate  (136);  for  24.2  Wt.  % 
B,  ¥>26  =  95.7  for  o-B;  =  63.0 
for  m- B. 

B  =  CcjHnNO 
nobenzo 
M  B/l  A 
0.71 

2,  Ethyl  p-ami- 
ate  0  39) 

¥>26 

88.5 

B  =  CsHnNCh,  Ethyl  anthra- 
nilate  (139) 

0.71  |  100.8 

B  =  C9H,40 
Wt.  %  B 
8.24 
14.90 

Phorone  (31) 

¥>26 

122.9 

119.8 

B  =  C,oHsO,  Naphthol  (i38); 
for  21.7  Wt.  %  B,  ¥>26  =  64.6  for 
a-B;  =  62.6  for  /3-B. 

B  =  C10H3N,  Naphthylamine 
(i39);  for  0.71  M  B/l  A,  ¥>26  = 
97.0  for  a-B;  97.1  for  /3-B. 

B  =  C10H10O 
acetoi 
Wt.  %  B 

5.12 

9.12 

,  Benzylidene- 
ie  (31) 

¥>26 

117.8 

110.5 

B  =  C,„H10C 
16.45* 
6.54 
27.30 

)2,  Safrol  (3») 
104.4 

120.1 

99.1 

B  =  C,oH120, 

(: 

3.65 

7.92 

Benzylacetone 

») 

123.4 

120.1 

B  =  CioHI20 
12.26 
19.61 
7.66* 
14.51* 

2,  Eugenol  (31) 
103.2 

90.4 

108.7 

94.16 

*  J.so-B. 


B  =  CioHn.NO,  Carvoxime 
(138);  for  85.8  wt.  %  B,  = 
90.2  for  <Z-B;  =  90.0  for  dZ- B; 
for  100  Wt.  %  B,  ¥>95  =  21.01 
for  d-B;  =  21.10  for  dl- B. 


B  =  C12H10, 

Diphenyl  (31) 

Wt.  %  B 

¥>26 

2.94 

124.5 

4.32 

123 . 1 

B  =  C12H11N,  Diphenylamine 
(139) 


M  B/l  A 

¥>26 

2.15 

121.1 

0.71 

93.4 

2.76 

119.4 

B  =  CI2H,,0,  Cinnamylidene- 
acetone  (31) 


Wt.  %  B 

¥>26 

1.50 

125.6 

2.47 

123.7 

B  =  Ci3Hi()0,  Benzophenone 
(3 1 ) 


5.74 

117.5 

6.48 

115.6 

B  =  Ci3H,2N2,  Benzaldehyde 
phenylhydrazone  (137);  for  0.25 
M  B/kg,  ¥>24.70  =  113.8  for  a-B; 
=  111.98  for  /3-B. 

B  =  Cl3H120,  Diphenyl  car- 


binol 

(136) 

Wt.  %  B 

¥>25 

26.1 

66.8 

B  =  Ci3H20O2,  Menthyl  pro- 
piolate  (60) 

5.37  I  114.9 

B  =  Ci4Hi0,  Diphenylacety- 
lene  (60) 

4.17  |  120.3 

B  =  Ci4HnN02,  Benziloxime 
(137);  for  0.25  M  B/kg,  4.?o  = 
107.5  for  a-B;  =  106.3  for 
<3-B. _ 

B  =  ChH12|  Diphenylethylene 
(60) 


Wt.  %  B 

¥>25 

1.39 

124.4 

4.70 

119.1 

B  =  CuHm,  Diphenvlethane 
(60) 


4.37 

5.29 


120.9 

119.9 


B  =  Ci;,Hi20,  Benzylidene- 
acetophenone  (60) 


4.00 

117.9 

5 . 45 

114.7 

B  =  CmHuO,  Benzjdaceto- 
phenone  (31) 


3.99 

120.5 

5.10 

117.8 

B  =  CisHuO,  Diphenyl- 

acetone  (31) 

4.28 

120.2 

4.84 

119.6 

B 

—  CicHu, 

Diphenyi- 

butadiene  (60) 

Wt. 

%  B 

¥>25 

2 

06 

120.8 

2 

44 

121.1 

B  ■ 

=  CieHu, 

Diphenyl- 

butane 

(60) 

1 

.44 

124.0 

3 

40 

117.3 

B  =  Ci;H!40,  Dibenzylidene- 
acetone  (31) 


B  =  C1tHmO,  Cinnamylidene- 
acetophenone  (31) 

2.10  122.0 
3.31  j  118.4 
B  =  CiSH26  0  3,  Z-Menthyl  dZ- 
mandelate 


Wt.  %  B 

°C  (I38) 

¥> 

14 

0 

25 

90.1 

100 

0 

85 

15.3 

B  = 

Z-Menthyl  Z-mandelate 

14 

0 

25 

92.2 

100 

0 

85 

15.8 

B  = 

C1SH 

34  0  2,  Oleic  acid 

(137) 

M  B/kg 

¥>24.70 

0 

.25 

104.7 

B  = 

Ci8H3402,  Elaidic  acid 

(137) 

0 

.25 

102.7 

B  =  C19H  26  0  2,  Menthyl  cin- 
namate  (60) 


Wt.  %  B 

¥>25 

1.20 

124.4 

6.08 

111.6 

18.48 

82.5 

3  =  CigH'isO 

2,  Menthyl  /3- 

phenylpropionate  (60) 

5.88 

114.6 

9.38 

108.5 

B  =  C20H38O2,  Ethyl  elaidate 

(iSV) 


M  B/kg 

0.25 

¥>2't.  70 

109.3 

Ethyl  oleate 

(137) 

0.25 

108.0 

B  =  C2]HiS0,  Dicinnamyl- 

ideneacetone  (31) 

Wt,  %  B 

¥’25 

0.89 

124.4 

0.01 

123.9 

CJH10 

o-Xylene 

B  =  C8H,0,  m-Xylene  (78) 


M  %  B 

fv. 

¥>64 

0.0 

105 

2 

229. 

1 

27.1 

112 

1 

237. 

1 

73.1 

121 

5 

250. 

2 

100.0 

128 

8 

255 

2 
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B  =  CsHio,  p-Xvlenc  I78 


B  =  C10H10O. —  {Continued 


M  %  B 

*P  11 

Wt.  %  B 

^82.5 

0 

0.0 

105.2 

229  2 

69 . 89 

87  5 

131.0 

18.5 

110.0 

234 . 6 

84  76 

75.7 

123.8 

68.1 

118.7 

249.0 

92 . 63 

63.7 

109.5 

100  0 

125.5 

257 . 1 

100  00 

54.0 

96.1 

B  =  C, 

:Hi,0,,  Diethyl  di- 

ChH1(, 

acetyltartrate  (l32; 

m-Xylene 

Wt.  %  B 

ys2.i 

>pvt 

B  =  C8Hu„  p-Xylene  (78j 

0  00 

137.6 

179.2 

0.0 

126.7 

255 . 2 

31.74 

72.78 

99.1 

24.6 

125.2 

258.2 

52  89 

63 . 82 

89.4 

70.8 

125.1 

257  8 

69 . 49 

47 . 26 

71.2 

100  0 

125.6 

257 . 1 

82  34 

27.84 

43.2 

91  9 

25 . 57 

42.4 

B  =  C8HnN,  Dimethyl- 

100  00 

18.17 

32.0 

anumo 

M  %  A 

f  12 

^>64 

C10H12O 

0.0 

63.5 

165.9 

Anethole 

28.7 

78.3 

185.7 

B  =  C„,H 

..0O,  Menthol  (132) 

73.4 

105.9 

229.7 

Wt.  %  B 

V’ts. « 

<P7*.C 

100  0 

126.7 

255.2 

0.00 

77.7 

108.9 

111.0 

9.90 

78.4 

C,H10O 

Phcnetole 

B  =  C12H10O,  Phenyl  other 
(73) 


M  %  B 

yas 

0.00 

86 . 36 

9.94 

76.40 

18 . 73 

68.92 

29.63 

61.27 

39.98 

53.70 

48.95 

47.71 

62.69 

40.73 

67  47 

38.03 

79.28 

33.30 

86.33 

30.63 

100.00 

25 . 88 

C9HI0Oi 

Ethyl  benzoate 
B  =  CmH^O,,  Benzyl  benzo¬ 
ate  (7  3) 


0  00 
10 .  37 

19.77 
80.94 
40  59 
49.46 
60 . 55 
70.27 
75.25 
84.51 
95  35 
100  00 


49.65 

42.17 

36.37 
30  78 
26  74 
23.22 
20.21 
17.56 

16.37 
14.50 
12  44 
11.74 


34.60 
53.01 
67.87 
84.85 
100.00 
Wt.  %  B 
0  00 
9.90 
34.60 
53.01 
67.87 
84.85 
100  00 


68.4 
60.3 
46.97 
28 . 44 
15.91 

VS2.2 

123.2 

125.2 
116.7 
111.0 
102  0 

69  83 
54  05 


91 .0 
101.1 

84.4 
55 . 2 

40.5 

<Pn.o 

163.4 
166  4 

151.5 

164.2 

148.2 

109.3 
96  I 


Wt.  %  B 

^25 

0 

16.52 

10 

16  76 

40 

16.17 

60 

16.17 

90 

16.76 

100 

16.12 

C12H,  Nj 

Azobenzene 

B  =  C„H,,N,  Benzylii lone- 
aniline  (,9) 


B  C 1  iH  • stilbene  1  9 
B  =  CmHm,  Dibenzyl  I19) 


B 


CioHs 
Naphthalene 
CioHnO,  1- Menthol  132 


Wt  %  B 
0  00 
19  40 
35  87 
54  17 


<Ps  1.1 
137  6 
117  1 
126.8 
102.5 


179.2 
156  4 
170  0 
139  7 


CnHnN 
Benzylideneaniline 
B  =  CijHuN,  Benzylnnilino 

.19, 


B  =  CmH-2.  Stilbene  I19 


CH.NO 

Form  amide 

B  =  C,HtO,  Ethyl  alcohol 
C  =  C4Hi-..IN,  Tetramethylam 
monium  iodide  (63) 


C.oHuOg 

Dimethyl  diacetylracemate 
B  =  CieHuOs,  Dimethyl  di- 
acetyltartrate  (9) 


CmH„ 

Stilbene 

B  -  C,,H,„  Dibenzyl  <19 


Wt.  %  B 
in 

(A  +  B)  I 


Vil 


T  H  REE-COMPONENT  SYSTEMS 

C*H,N ;  C  = 

( Continued ) 

50  M  %  C 
153.4 
204  9 
226  2 
75  M  %  (' 
I  333.3 


fu 


y>» 


25 

50 

75 


50 

70 

25 

50 


0  M  ( 

29.51 
40  19 
|  56.79 
0.1  M  C/1 
28.83  37  72 
38  90  49.95  61  31 
54.70  67.84  80  84 
0.25  M  C/1 
27  48  36  19 
37. 51 1  47  94 


B 


M  %  B 

35  0 
45  0 
50  0 


/I 

38.80  48  40 
51  57  63.29 
70  82  85  18 


46  90 


44  88 
58  58 


c,h6o 

Acetone 

B  =  C4H,0O,  Ethyl  ether 
C  =  C«H6,  Benzene  - 1  3 


¥>10 

V?20 

100  Wt.  %  c 

131 

9  |  154.7  | 

178  7 

100  Wt.  %  B 

386 

0  ;  426.5  I 

469  4 

100  Wt.  %  A 

278 

8  |  309.6  | 

342 . 3 

49.39 

Wt.  %  A;  20.54 

Wt. 

B;  30.07  Wt.  %  C 
252  8  286  1  318.0 


C.HNS 

Allyl  thiocyanate 
B  CsHtN,  Aniline 
C  =  C;Hh,  Toluene  86 ) 


M  rc  B 


yss 

25  M  %  C 


<PiOO 


0 

296  7 

324  7 

7  5 

227.3 

251  9 

15.0 

149.2 

165.3 

22  5 

83  54 

96.15 

30.0 

43  25 

58  79 

37  5 

32.08 

44  95 

39.0 

34.17 

47.78 

52  5 

78  80 

99  6 

67 .5 

137  7 

167.8 

75.0 

168  6 

50  M  rc  C 

199.6 

0 

315.5 

350  9 

5.0 

274  0 

304  9 

15  0 

1.56  0 

179.2 

20  0 

114.7 

140  4 

24  0 

100.8 

127.4 

25.0 

94.7 

120.3 

26.0 

103  5 

127.9 

30.0 

124  8 

152  0 

0 

2.5 

7 .5 
10  0 
12.0 

12.5 
13  0 
15.0 

17.5 
20  0 


312.5 
251  3 
227  3 
216  9 
212  8 
222  2 
234.2 
246  9 
•293 . 3 


C  ;  H  . . 

^*106 

182  5 
235  8 
255  8 

357  1 
352  1 
284  9 
264  6 

251.3 
248  8 
257.1 
268  1 

279 . 3 
330  0 


c6h6 

Benzene 

B  =  C«H:N,  Aniline 
C  =  CtKLO,  m-(  'resol76' 


B  =  CtH,0,  m-Cresol 
C  -  CSHUN,  Dimcthylaniline 
(79, 


Wt. 

%  A 

Wt. 

%  B 

»)/» 

1(K) 

29 

1 

0 

00 

90 

50 

23 . 

8 

8. 

70 

82. 

60 

12. 

55 

17. 

60 

74 

80 

7. 

05 

36 

30 

57 

60 

2 

87 

56 

10 

39 

80 

1 

41 

77 

00 

21 

00 

0 

8.56 

81 

40 

18 

4 

8 

75 

74 

00 

9 

8 

17 

70 

66 

90 

5 

85 

36 

50 

51 

60 

•) 

50 

56 

40 

35 

40 

1 

34 

77 

50 

18 

30 

0 

86 

71 

60 

12 

9 

8 

80 

65 

30 

7 

61 

17 

90 

.58 

90 

4 

74 

36 

70 

4.5 

30 

•> 

24 

56 

50 

31 

10 

1 

27 

77 

60 

16 

00 

0 

83 

51 

90 

6 

05 

8 

90 

47 

.50 

4 

08 

18 

10 

42 

.60 

2 

94 

46 

IK) 

27 

.60 

1 

34 

78 

00 

11 

.30 

0 

796 

26 

.50 

0 

51 

9 

10 

24 

.10 

2 

02 

18 

.30 

21 

.60 

1 

68 

47 

.50 

14 

00 

1 

.05 

78 

20 

5 

80 

0 

.76 

0 

(X) 

0 

00 

1 

.28 

52 
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VELOCITY  OF  VAPORIZATION  AND  GAS  EVOLUTION  AND  OF  CONDENSATION  AND 

GAS  ABSORPTION) 
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m 
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Velocity  of  vaporization  in  a 
current  of  gas. 

EVAPORATION  IN  VACUO 
GENERAL  FORMULA 

n  =  ap  (M/2irRT)X  (28,  41);  see  further  Vol.  I,  p.  91. 

-  mass  in  grams  vaporized  per  cm!  per  sec. 
p  —  vapor  pressure  at  T,  °K. 

M  =  gram-molecular  weight. 

R  =  gas  constant. 

a  -  i  —  v<  where  v  is  the  fraction  of  molecules  reflected  with¬ 
out  condensation  (“accommodation  coefficient  ). 

EVAPORATION  FROM  HOT  FILAMENTS 
For  more  recent  critical  compilation,  c.  ( 8 3 • 5  ' 

Lit. 


Substance 

logio  m  (for  p  in  mm 

Hg  and  a  =  1) 

Range,  °K 

Carbon  * . 

14  19  -  47  000/7’ 

—  1.25  log  T 

3  100-3  800 

Molybdenum . 

17.11  -  38  600/T  j 

—  1.76  log  T 

2  000-2  400 

Platinum . 

14.00  -  27  800/7’ 
-1.76  log  7’ 

1  680-2  (MX) 

Tungsten  f . 

9.42  -  45  450/T 

2  000-3  000 

Calcium  J . 

'  10.97s  -  10  350 IT 

770-970 

41,  83) 

_  _ I  (59) 

*  See  (*);  CC  varies  with  adsorption  layer.  . 

t  Zwikker  gives  log,.  ,«  «  1 1 .92  —  48  400  T  —  0  368  log,,  r 
Langmuir  gives  log,,  m  -  15.402  -  47  440  T  -  14  log,.  T  (M.  I  -*M0  KK 
Forsythe  in  close  agreement  with  Zwikker-,  equal, on;  Fonda  s  value  at  -8-5 
lies  between  those  of  I.angmuir  and  of  Zwikker.  For  small  crystals  m  ,s  30 
greater  than  for  largo  (■•).  In  N,.  m  is  6  %  of  the  value  raruo;  3 9  «  >n 
argon  (*»>.  Rosenhain  and  F.wen  (•*)  found  the  following  ratio  of  m  for  coarse 

and  for  fine  crystals:  Zn,  2.3;  Ag.  1-’:  (  u,  1  1  .. 

t  Formula  deduced  from  vapor  pressure  formula  given  by  I  illmg  <*  1. 

the  measurements  of  p  included  allowance  for  value  of  a  obtained  by  eomparaUvc 
measurements  with  Zn  and  Cd  (5®)* 

EVAPORATION  THROUGH  AN  APERTURE 
If  the  diameter  of  the  aperture  is  >  0.1  of  the  mean  free  path, 
m  is  the  same  as  from  a  free  surface,  or  =  1.  Measurements 
have  been  made  by  this  method  for  Cd,  Hg,  k,  Na,  Pb,  Zn  and 
benzophenone  (13>  35>  62’  73>- 

EVAPORATION  OF  SMALL  DROPS  (7<»  7S) 

Spherical  drop  («*  general  formula  foi  evapoi 


InHALTSVERZKICHNIS 

Gesehwindigkeit  im  Vakuum. 
Verdampfung. 

Allgemeine  Gleichung. 
Heis.sc  Fa  den. 


Indue  Paok 

Velocitii  nel  vuoto. 
Evaporazionc. 

Formula  gcnenle  53 

Da  tilamenti  caldi  53 


Verdampfung  (lurch  cine 

Attra  verso  un  a  pert  lira 

53 

D  timing. 

Klcine  Tropfen. 

Da  piece, le  gi ><•(•<• 

53 

A  ecu  modal  ionskoeftizient. 

Coefhciente  di  accomo- 

damento . 

53 

Kondensation. 

Condcnsazione. 

Temperaturen  irreversibler 

Teni|x*raturedi  conden- 

Kontlensation. 

saziuni  irreversibili 

53 

Geschwindigkeit  in  ruhiger  Luft 

Velocity  in  aria  e  altri  gas 

und  anderen  Ctisen. 

alio  statu  di  quiete. 

Theoret ische  Cleichungcn. 

Equazioni  teo riche. . 

54 

Kleine  Tropfen. 

Da  piccole  gocce . 

.54 

Plat in-Metalle  in  Luft. 

Mctalli  del  gruppo  del 

Pt  in  aria . 

54 

Verdampfungsgcsehwindigkeit 

Velocity  di  evapomzione  in 

im  Gasstrom. 

una  corrente  di  gas 

54 

nr 

For  a  drop  of  mercury  resting  on  plane,  m  =  —1.11  x  p, 

where  p  is  the  density  of  mercury  and  *Jr  is  the  rate  of  change 


of  radius  with  time. 

ACCOMMODATION  COEFFICIENTS 


Values  of 

cx  for  S eTUR eTE'i  Ve-ons 

Substance 

« 

/,  °C 

Lit. 

Hg  (liquid) . 

1 .00  ±  0.01 

60  to  —30 

(37,  74,  75) 

Hg  (solid) . 

0.85 

-64 

(74,  75) 

Cd  (solid) . 

0.98  ±  0.2 

(ra.  2( X 1 

(4,  14) 

Th,  Ta,  W . 

1.0 

(ca.  2000) 

(42) 

Benzophenone . 

0.2  to  0.5 

(73) 

Values  of  a  for  Cases  on  Various  Solids  (3fi>  43>  64 


Gas 

Polished  Pt* 

Pt  black 

W  at 

Class 

°C  | 

a 

at  20°C  | 

15(10°  K 

at  0°C 

Hi . 

-190 

0  42 

0.71 

0. 19 

0.26 

0 

0.26 

CO, . 

20 

n  86 

0.96 

0, . 

20 

0.83 

0.95 

N,  . 

20 

0.87 

0.60 

He . 

-  100 

0.49 

+200 

0.88 

A  . 

30-260 

ii  86 

Ne . 

0 . 65 

*  Soddy  and  Berry  found  same  results  for  I’d  as  for  I’t  surface. 


CONDENSATION  IN  VACUO 

Observed  Temperature  Region  for  Irreversible 
Condensation 


On  glass. 
Substance  ^ 

— 

Lit. 

Substance 

t,  #C 

Lit. 

NH«C1 . <  — 183 

(3») 

Cd  on  pa  ratlin 

-70 

(*) 

Hg*  ...  - 140  to 

Cd  on  mica 

-SO  I 

(•) 

-130 

I  39,  81) 

Cd  ou  glass . 

-90 

(81) 

7n  * 

Vapor  at  280° . 

-110 

(15) 

*  .  -183  to 

Cd* .  ■ !  7S 

—  7o 

Mg . J  1 

(39) 

Vapor  at  -W 

-50 

(15) 
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Observed  Temperature  Region  for  Irreversible 
Condensation. — ( Continued ) 


Substance 

On  glass, 
t,  °C 

L,t. 

Substance 

1 

On  glass, 
t,  °C 

Lit. 

Cu . 

350  to 
575 

(39) 

I  Ag* . 

;  I2 . 

<575 

-60 

(39) 

(39) 

*  Cf.  (15.  44). 


Substance  (16);  cf.  (38>  44>  78) 

Vapor 
pressure, 
mm  Hg 

t,  °C 

Latent  heat 
of  adsorption, 
g-cal/g 

Cd  on  glass . 

0.008 

0.03 

-107 

-86 

5200 

Cd  on  copper . 

0.008 

0.03 

-111 

-83 

2940 

Cd  on  silver . 

0.008 

0.03 

-86 

-66 

3540 

Hg  on  silver . 

0 . 0083 

0 . 033 

-120 

-88 

2560 

Although  vaporization  occurs  according  to  the  cosine  law 
(38,  8i and  for  Ag,  Zn,  Sb*S„  and  S  (40),  condensation  is  directed 
in  the  case  of  Cd,  Ilg,  Zn  and  As  but  not  Hgl2  or  S,  v.  (23>  71>  72> 
7S). 

EVAPORATION  IN  STILL  AIR  AND  OTHER  GASES 

THEORETICAL  EQUATIONS  (66) 


Hg  in  air:  dr/dt  =  1.4  X  10_1°,  cm/see  for  drops  10-4  to  10“’ 
cm  radius.  [Evaporation  of  small  drops  is  checked  by  oxidation 
of  droplet,  v.  (51)]. 

II20:  Evaporation  of  small  drops  less  than  10~4  cm  radius 
checked  by  absorption  of  gases  other  than  hydrogen  (24). 


Change  in  Radius  with  Time 


Minutes 

Air 

H2,  70%;  Air,  30% 

5 

0.89  X  lO"4  cm 

0.99  X  10-*  cm 

20 

0.86  X  10-4  cm 

0.90  X  lO"4  cm 

45 

0.86  X  10-4  cm 

0.74  X  10-4  cm 

PLATINUM  METALS  IN  AIR 
Loss  in  weight,  g/cm2/sec  in  air  at  atmospheric  pressure  (7) 


t 

Pt 

Pt  +  1  % 

Ir 

Pt  +  2.5% 
Ir 

Pt  +  8% 
Rh 

900 

0 

0 

0 

0 

1000 

2.2  X  10“7 

8.3  x  10-7 

1.6  X  10-* 

1.9  X  lO"7 

1200 

2.2  X  lO"6 

3.3  X  lO"6 

7.0  X  10“* 

1 .5  X  10"« 

Crookes  (10)  found  the  following  percentage  loss  of  total  weight 
at  1300°C  in  air  but  did  not  mention  extent  of  surface :  8  hr,  Ru, 
25  %;  22  hr,  Ir,  7.3  %;  30  hr,  Pd,  0.745  %;  Pt,  0.245  %;  Rh,  0.131  %. 
(In  case  of  Ru  and  Ir  oxidation  occurred.  Ir  in  vacuo  at  1300°C 
lost  0.069%  in  30  hr.) 

EVAPORATION  IN  A  CURRENT  OF  GAS 


For  values  of  diffusion  coefficients,  v.  p.  62. 

From  flush  circular  area: 

7  =  4rA  log, 

V  ~  P> 

when  p,  is  small,  V  =  Kpjp  [Dalton  (lx)].  V  =  rate  of  evapo¬ 
ration  (volume  per  unit  time),  ps  =  saturation  pressure  at  surface 
of  liquid,  po  =  pressure  of  vapor  in  gas  at  distance  from  surface, 
p  =  total  gas  pressure,  r  =  radius  of  circular  area,  A  =  diffusion 
coefficient  (50>  58>  66,  80) 

From  elliptical  area  {a  and  h  =  axes  of  ellipse)  approximate 
formula : 


V  =  4Vo6A  log,  !'  P°  (56,  60,  66). 

p  —  Ps 

From  circular  vessels  (surface  distant  h  below  rim) : 


V  =  4  (vV  + 


h)  A  log. 


P  -  Po 


(6,  47,  68,  69,  70,  80). 


P  ~  Ps 

From  vertical  tube  (distance  from  upper  end  of  tube  to  surface  of 

liquid  in  the  tube,  greater  than  the  diameter): 

A  A  P  -  Po 

V  =  r  log,  —  • 

h  p  -  ps 

A  =  area  of  cross  section  of  tube,  h  =  distance  from  upper 
end  to  surface  (48»  52,  69,  79) 

From  spherical  drop: 

V  =  47rrA  log,  — - —  (65) 

P  ~  P. 


m  =  4irrA  j, (45)  ^for  small  values 

m  —  mass  evaporated  per  unit  time;  M  =  mol.  wt.;  r  =  radius 
of  sphere,  v.  (84>  8S). 

The  references  refer  to  experimental  work  on  the  subject;  the 
formulae  hold  only  under  ideal  conditions.  The  essential  condi¬ 
tions  are  adequacy  of  rate  of  supply  of  heat  to  maintain  tem¬ 
perature  of  the  surface  (48)  and  absence  of  disturbance  of  the 
atmosphere  in  the  neighborhood  of  the  evaporating  liquid  (50>  58). 


EVAPORATION  OF  SMALL  DROPS 

I2  in  air:  dm/dt  =  1.83  X  10-6r  ( r  radius  of  drop;  m  =  gem-2 
sec-1  (54>  84). 


In  steady  horizontal  wind  (velocity  W) : 

V  =  k-\/\V  and  V  =  ar1-5 

k  and  a,  constants  (circular  area  of  radius  r,  areas  250  m2  to 
10  cm2  or  in  gentle  draughts  25  m2  to  1  cm2)  (33>  68).  For  very 
large  areas,  see  especially  (21). 

Numerous  meteorological  formulae  connect  evaporation  with 
temperature,  hvgrometric  and  wind  conditions  (see  annotated 
bibliography  (49). 

General  form:  dE/dt  =  A (p,  —  pfl)  +  B(p,  —  Pd)W  (Dalton- 
Weilermann). 

E,  fall  of  level  due  to  evaporation  in  time,  t;  p,,  saturation  pres¬ 
sure  at  temperature  of  surface;  pd,  saturation  pressure  at  dew 
point;  W,  wind  velocity;  A  and  B,  constants,  v.  also  (53). 

Typical  formula:  Emm  =  0.425  ( p ,  —  pd)  (1  +  0.805 IT)  (Fitz¬ 
Gerald);  W  measured  in  km/hr  (up  to  20  km/hr),  p  in  mm.  Nee 
especially  (5>  17>  ®i,  67). 

Similar  formulae  are  used  for  chemical  engineering  purposes; 
e.g.,  evaporation  from  pans  in  still  air:  M  =  0.02  (p,  —  pa)1-2 
(29). 

Evaporation  from  pans  in  air  current: 

M  =  (0.031  +  0.0135ir)(p,  -  Pd)~ 

P 1 

M  kg  m_2hr_l;  W  =  air  velocity  m/sec  from  0.5  to  4  m/sec; 
p0  =  760  mm  and  pi  =  barometric  pressure;  range  20  —  70°C 

(28.5,  29,  31). 

Notes 

Rate  of  evaporation  of  water  approximately  proportional  to 
vapor  pressure  up  to  (B.  P.  —  15°)  (3). 

At  50°C  evaporation  of  water  in  a  current  of  air  ( W  =  2.5 
m/sec)  is  2.8  times  as  rapid  as  in  still  air,  and  for  IT  =  5  m/sec, 
3.8  times  (3). 

Number  of  gram-molecules  of  a  liquid  evaporated  per  unit 
time  ami  unit  surface  is  proportional  to  vapor  pressure,  a.  (26i  30)  ■ 
for  evaporation  of  toluene,  nitrobenzene,  w-xylene,  and  chloro¬ 
benzene  in  wind  tunnel,  v.  also  (69). 

Evaporation  from  large  areas  Oakes,  etc.)  about  two-thirds 
evaporation  from  small  pans. 

Evaporation  of  sea  water  approximately  5%  less  than  fresh 
water. 

Evaporation  of  ocean  approximately  820  mm  per  annum  (34>  82). 


KINETICS  OF  SOLUTION 


Vapor 


Pressure  by  Streaming 
p.  const. 


log. 


p.  -  p 


Vw 


Method 


where  W  is  velocity  of  gas  stream  and  p  is  partial  pressure  of  vapor 
in  gas. 

Dependence  of  velocity  of  vaporization  on  pressure,  tempera¬ 
ture  and  nature  of  gas  (27>  32).  For  measurements  on  Ag.  Tl, 
Pb  and  Sn,  v.  (7S). 
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THE  VELOCITY  OF  DISSOLVING  OF  CRYSTALS  IN  LIQUIDS 

R.  G.  Van  Name 


The  velocity  constant  K  has  usually  the  value  given  by  equation 
I  or  II.  As  recorded  in  the  tables  it  has  the  dimensions  lem 
min-1]  and  is  independent  of  the  unit  of  concentration.  In  eases 
where  it  has  been  necessary  to  give  the  constant  in  the  author  s 
or  arbitrary  units,  it  is  designated  by  A'»rb- 

For  the  case  of  simple  solution  in  a  solvent  (reversible) 


K  = 


dC 


S(C.  -  C)  df 


S  (t  t  —  1 1) 


In 


C.-Ci 

C.-Ct 


(I) 


in  which  t»  =  volume  in  cm3,  t  =  time  in  min,  S  surface  of  con¬ 
tact  in  cm1,  C  =  concentration  at  time  t,  (',  =  concentration  at 
saturation,  and  In  =  log,. 

For  the  case  of  solution  by  interaction  with  a  dissolved  reagent 


A  = 


p  d  C  v  .  C o 

“  SC  dt  =  St  n  c 


(ID 


in  which  C0  and  C  are  the  concentrations  of  the  reagent  at  time 
zero  and  time  t,  respectively;  other  symbols  as  in  I. 

Since  K  depends  upon  the  intensity  of  the  stirring  and  upon  the 
form  and  dimensions  of  the  apparatus,  a  quantitative  comparison 
of  the  results  of  different  investigators  is  usually  impassible. 

The  velocities  of  dissolving  of  metals  in  acids  are  subject  to 
various  disturbing  effects,  such  as  passivity,  period  ol  induction, 
large  influence  of  physical  state  and  of  traces  of  certain  impurities, 
evolution  of  gas,  etc.,  and  are  often  not  expressible  by  definite 
velocity  constants.  The  results  obtained  are  frequently  too 
complicated  and  difficultly  reproducible  to  justify  their  inclusion 
in  the  following  tables.  In  the  ease  of  magnesium,  however,  the 
disturbing  effects  seem  to  he  of  minor  importance. 


La  constante  de  vitesse  K  a  ordinairement  la  valeur  donn6e  par 
Liquation  I  ou  II.  Dans  les  tables  elle  a  la  dimension  [cm  min-1l 
et  elle  est  independante  de  Funit6  de  concentration.  Dans  les  cas 
ou  il  a  6t6  n6cessaire  de  donner  la  constante  dans  les  umtds  arbi- 
traires  de  hauteur,  elle  est  d6sign6e  par  A'»rb- 

Pour  le  cas  d'une  simple  dissolution  dans  un  solvant  (reversible) 


A  = 


dC 
C)  df 


In 


(II 


ofi  v  =  volume  en  cm3,  f  =  temps  en  min,  S  =  surface  de  contact 
en  cm2,  C  =  concentration  au  temps  t,  C.  =  concentration  it  la 
saturation  et  In  =  log,. 

Pour  le  cas  d'une  dissolution  par  reaction  avec  un  rdactif  dissout 


v  dC  =  i'  .  Ci 
SC  df  Si  c 


(II) 


oh  C0  et  C  sont  respect ivement  les  concentrations  du  r6actif  au 
temps  z6ro  et  au  temps  f ;  pour  les  autre  symboles  comma  en  I. 

Cotnme  K  depend  de  l'intensitn  de  l'agitation  et  de  la  forme  et 
des  dimensions  de  l’appareil,  une  eomparnison  quantitative  des 
r6sultats  obtenus  par  diffOrents  expdrimentateure  est  ordinairement 
impossible. 

Ix*s  vitesses  de  dissolution  des  m6taux  dans  les  acides  sont 
sujet-s  A  des  effets  perturha tours  varies,  tels  que:  la  passivity,  la 
periode  d 'induction,  la  grande  influence  de  l’6tat  physique  et  dea 
traces  de  certnines  impurotte,  Involution  du  gaz,  etc.,  et  de  la 
sorte  ne  peuvent  souvpnt  pas  c1tre  exprimiSes  par  des  constantes  de 
vitesse  d6finies.  Les  r&mltats  obtenus  sont  fnkjueinment  trop 
compIiqu(5s  et  diffieilement  reproductihles  pour  justifier  leur 
publication  dans  les  tables  suivantes.  Cependant,  dans  le  -as  du 
magnfoium,  les  effets  parasites  paraissent  £trc  d'impcrtanre 
moindre. 
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Dio  Geschwindigkeitskonstante  K  hat  gewohnlich  den  nach 
Gloirhung  I  odor  II  sieh  orgebonden  Wert  und  wieausden  Tabellen 
folgt,  besitzt  sio  die  Dimension  [cm  min-1]  und  ist  von  der  Einheit 
der  Konzentration  unabhilngig.  In  Fallen  wo  es  notig  war  die 
Konstante  in  <len  vom  Autor  gegebenen,  oder  in  sonst  willkiir- 
ichen,  Einheiten  anzufuhren,  wird  sie  mit  A'ttri>.  bezeichnet. 

Fur  den  Fall  der  einfachen  reversiblen  Losung  in  einem  Losungs- 
mittel  gilt 


dC 

d< 


v  ,  C,  —  Ci 
S(U-U)  C.  -  Ci 


(I) 


wo  v  =  Volumen  in  cm3,  t  =  Zeit  in  Minuten,  =  Kontaktober- 
flache  in  cm-,  C  =  Konzentration  zur  Zeit  t,  Cs  =  Sattigungskon- 
zentration  und  In  =  log,,. 

Fur  den  Fall  der  Wechselwirkuug  mit  einem  gelosten  Stoff,  hat 
man 


K 


v  dC  _  v  .  Co 
SC  dt  -  St  lnc 


(II) 


Es  bedeutet,  C0  und  C  die  Konzentration  des  reagierenden  Be- 
standteiles  zur  Zeit  Null  bezw.  zur  Zeit  t.  Die  anderen  Zeichen 
eind  die  gleichen  wie  bei  I. 

Da  K  von  der  Ruhrgeschwindigkeit,  der  Form  und  der  Dimen¬ 
sion  des  verwendeten  Apparates  abhangt,  ist  ein  quantitativer 
Vergleich  der  Ergebnisse  der  versehiedenen  Beobachter  meist 
nicht  moglich. 

Die  Losungsgeschwindigkeit  der  Metalle  in  Sauren  unterliegt 
den  versehiedenen  storenden  Einflussen,  wie  Passivitat  und 
Induktionsdauer.  Bedeutend  ist  der  Einfluss  des  physikalischen 
Zustandes  der  Probe,  der  Spuren  von  Verunreinigungen,  der 
Gasentwickelung,  u.s.w.  Dies  alles  ist  nicht  durch  eine  bestimmte 
Geschwindigkeitskonstante  ausdriickbar.  Die  Ergebnisse  sind 
haufig  zu  kompliziert  und  zu  schwer  reproduzierbar  um  in  diese 
Tafeln  aufgenommen  zu  werden.  Beim  Magnesium  scheinen 
sich  jedoch  die  storenden  Einfliisse  weniger  bemerkbar  zu  machen. 


Generalmente  il  valore  della  costante  di  velocity  K  5  quelle 
dedotto  dalle  equazioni  loll.  Questa  velocity,  come  e  indicato 
nelle  tabelle,  ha  le  dimensioni  di  [cm  min-1)  ed  e  indipendente  dalla 
unitS.  di  concentrazione.  Nei  casi  in  cui  si  e  dovuto  dare  la  cos¬ 
tante  in  unita  arbitrarie,  quelle  adoperate  dagli  autori,  essa  e 
stata  indicata  con  A'Brb. 

Nel  caso  die  si  t rat ti  di  semplice  dissoluzione  in  un  solvente 
(riversibile) 

K  v  d(7  _  v  ,  C,  —  Ci  . 

“  s\r„  -  cj  dt  ~  Sit,  -  h)  n  C.  -  Ci 


nella  quale  v  =  volume  in  cm3,  t  =  tempo  in  minuti,  S  =  super¬ 
fine  di  contatto  in  cm2,  C  =  concentrazione  al  tempo  t,  C ,  = 
concentrazione  al  punto  di  saturazione  e  In  =  log*. 

Nel  caso  di  dissoluzione  con  reazione  con  una  sostanza  disciolta 
si  ha: 


V  dC  ;■  Co 

SC  dt  St  C 


(II) 


nella  quale  C0  e  C  rappresentano  le  concentrazioni  della  sostanza 
reagente  al  tempo  0  ed  al  tempo  t,  mentre  gli  altri  simboli  hanno 
lo  stesso  significato  che  nella  I. 

Poiche  K  dipende  dalla  intensity  della  agitazione,  dalla  forma 
e  dalle  dimensioni  dell’apparecchio,  es  impossibile  confrontare 
quantitativamente  i  risultati  dei  vari  sperimentatori. 

Le  velocity  di  dissoluzione  dei  metalli  negli  acidi  risentono  molto 
della  azione  di  varie  cause  perturbatrici,  come  ad  esempio:  passi¬ 
vity,  periodo  di  induzione,  stato  fisico,  presenza  di  tracce  di 
certe  impurezze,  svolgimento  di  gas,  ecc.,  e  perc-io  spesso  non  sono 
esprimibili  con  valori  ben  definiti  delle  cost.anti.  Spesso  i  risul¬ 
tati  ottenuti  sono  troppo  complessi  e  difficili  a  riprodursi  per  poter 
essere  compresi  nelle  tabelle  che  seguono.  Nel  caso  del  magnesio 
tuttavia  sembra  che  le  cause  perturbatrici  non  abbiano  molta 
importanza. 


VELOCITY  CONSTANTS 

1.  Salts  in  Water 


Rotary  stirring,  400  r.p.m.;  exposed  surface  horizontal,  below 
stirrer;  25°C  (30) 


Salt 

Cs*  g/100 

g  1 1 2o 

K,  cm/min 

KI . 

146.45 

0.186 

KBr . 

67.75 

0.171 

KC1 . 

36.32 

0.147 

NaCl . 

35 . 92 

0.105 

T1C1 . 

0.385 

0  204f 

IdBr . 

0 . 057 

0. 144 f 

PbCl2 . 

1.08 

0 . 060  j 

PbBr. . 

0.974 

0 . 078f 

BaCl2.2H20 . 

36.9 

0 . 096 

K2SO4 . 

12.04 

0.102 

K4Fe(CN),.3H20 . 

32.0 

0.0481 

FeS04.7H20 . 

29.7 

0 . 048 

NiS04.7H20 . 

39.6 

0 . 033 

C0SO4.7H-O . 

37.8 

0 . 036 

ZnS()4.7Ho() . 

57.9 

0.030 

MgS04.7H,0 . 

38.3 

0.030 

CuS04.5H20 . 

22  29 

0 . 039 

CdS()4.|  H-.0 . 

77.0 

0.021 

CaS04.2H20 . 

0.210 

0 . 02 1  § 

*  Calculated  as  anhydrous  salt,  t  II  1 3 

cleavage  surface. 

t  Fusi>d  salt  used  §  Sclenito,  to  fat  a  (010). 


2.  Salts  in  Water 

Rotary  stirring,  ,50  r.p.m.;  whole  crystal  exposed  (12) 


Salt 

c„ 

g/100 

g  soln. 

at 

Cs, 

g/100 
g  soln. 

^  arb* » 

30.1°G 

K2SO4 . 

7.82 

0.027 

11.43 

0.071 

Nat 'Kb . 

45.47 

0.043 

51.22 

0.083 

K2CV2O7 . 

5.52 

0  026 

15.17 

0 . 069 

3.  Metals  in  Dissolved  Iodine  (and  Bromine) 

Disk  of  metal  40  mm  diameter,  0.6  mm  thick,  supported 
vertically,  whole  surface  exposed.  Rotary  stirring,  240  r.p.m.; 
S  =  2.60  cm2,  but  velocity  per  unit  area  not  accurately  calculable 
on  account  of  difference  in  stirring  on  the  two  sides  of  the  disk. 
Aqueous  solution  of  D  (resp.  Br2)  in  KI  (resp.  KBr);  25  ±  0. 1°C 
(27)* 


Metal 

Salt, 
mole /l, 

I2  in  KI 

K  X  S, 
cm3/min 

Metal 

Salt, 

mole/1, 

I2  in  KI 

A'  X  S, 
cm3/min 

Hg . 

0.6 

8.81 

Zn . 

1 .2 

9.64 

Cd . 

0.6 

8.69 

Hg . 

2.4 

10.48 

Zn . 

0.6 

8. 64 

Cu . 

2.4 

9.9s 

Hg . 

1.2 

9.55 

Ag . 

2.4 

9.9a 

Cd . 

1.2 

9.56 

Br2  in 

KBr 

Hg . 

3.3 

12.27 

*  These  and  further  results  in  original  seem  to  show  that  these  five  metals 
dissolve  in  Is  +  KI  with  the  same  velocity,  expressed  in  equivalents  of  metal 
dissolving. 


KINETICS  OF  SOLUTION 


■)  i 


4.  Metals  in  Dissolved  Iodine 
Method  as  above:  Disk  38.3  mm  X  0.5  mm.  .S’  2.36  cm1; 

velocity  per  unit  area  not  accurately  calculable,  (c/.  3);  25  ±  0. 1  < '  I 
(26).*  0.5  mole  KI  and  0.02  mole  II2S(>4  per  1 


Metal 

Cd 

Fc  N  i  Co 

K  X  .S’,  cm*/min . 

1  6.86 

6.88  6.88  6  87 

Cd  in  acid  solutions  of  iodides 

HjS04,  mole/1  0 

0 

02 

Iodide,  mole/1 .  0 

.  5 

0  25 

Iodide .  Ill  Lil 

K  X  <S’,  cm*/min.  (>.45  6  41 

Nal  KI 

6 . 56  6  86 

Mgl»  CaljjBal:  Cdl, 
6  25l6  23  6  45  6  82 

*  The  results  show  that  K  is  independent  of  the  metal  but  varies  to  a  marked 
extent  with  the  nature  of  the  other  cation  present. 

5.  Metals  in  Aqueous  Ferric  Sulfate,  Ferric  Chloride  and 

Chromic  Acid 

Values  of  K  X  S,  cm3/min;  method  and  dimensions  of  disk  in 

4  (28) 


Ferric  sulfate  (ferric  alum)*  24.6  ± 

o.rc 

I12S04,  mole  1 

0.01 

0 . 25 

1  25 

5.0 

Zn.. 

4.38 

Cd.. 

4.12 

4.15 

3.54 

1 .76 

3.95 

3.92 

3.37 

1.74 

Ni  . 

3.80 

3 . 75 

3.27 

1.71 

3.96 

1.72 

Cu . . 

3.74 

3.30 

1.71 

Ac. . 

1 .67 

1 . 63 

1  24 

Ferric  chloride,  24.6  ±  0.1  °C 

HC1,  mole/1 

0.1 

0  5 

4.19 

4.17 

4.14 

4.35 

Cu. 

3.44 

4.20 

Chromic  acid*  (added  as  (  r()3).  2.>  •:  0. 1  I 

1.25 


II2S()4,  mole/1 


0.25 


5 . 0 


Cd. 
Ni. 
Sn . 
Cu. 
Ag. 


*  Velocities  tor  aincreni  meiais  ...  . . 

HjSO<  concn.,  probably  because  it  increases  the  viscosity  and  thus  retards 

diffusion. 

6.  Metals  in  Aqueous  Ferric  Sulfate  (3> 

18  ±  0.1°C;  ho  stirring;  dissolving  surface  vertical;  S  rm 

~  *  1  Sn 


Metal 

Cu 

Fe 

Cd 

K,  cm/min . 

0.0142 

0.0138 

0  01  1  1 

8.  Magnesium  and 
Rotary  stirring.  300  r.p.m.;  \ 
0.22  cm*  in  all  experiments;  2 

Zl NCI  IN 

aluc  of  S 
VC.  Aa  = 

Aqueous  Acids 
in  doubt,  but  apparently 
Ionisation  constant  (22 

Solution,  initial  concn.  in 

nole/1 

K  X  S, 
em’/min  * 

K, 

Mg 

HC1,  0.1 . 

1  12 

HC1,  0.1  +  MgClt,  0.0671 

1  25 

HC1,  0.1  +  MgClt,  0.1341 

1  31 

HAc  (Acetic  acid),  0.1. 

0  405 

HAc,  0.1  +  Mg(Ac)*,  0.1 

0  366 

HAc,  0.1  +  Mg(Ac)t,  0.2 

0  326 

HAc,  0.1  +  MgSO«,  0.2 

0.416 

HAc,  0.1  +  NasS04,  0.2 

0.454 

HAc,  0.1  +  NaAc,  0.2 

0  441 

1F.S(  )4,  0.05 . 

1  15 

H2S(  >,,  0.05  +  KC1,  0.1341 

1  .43 

IKSO4,  0.05  +  Kllr,  0.1341 

1  64 

HjSCL,  0.05  +  KI,  0.1341 

1  48 

HC1,  0.02 . 

1.27 

2,5-Dihvdroxvbenzoic  acid. . 

0.774 

108 

X 

10* 

2,4-I)ihvdroxybenzoic  acid. 

0.518 

52 

X 

10* 

Tricarballvlic  acid,  0.02 . 

0 . 493 

22 

X 

1(1  » 

Acetic  acid  (HAc),  0.02 

0  449 

1  8 

X 

10  * 

Zn 

HC1,  0.1 . 

0.133 

After  period  <. 
1  induction 

7.02 

5.32 

2.67 

irregular 

2.67 

2.74 

6 . 95 

5 . 34 

2.72 

4.28 

1  22 

*  1  do  value  oi  a  is  ncr<*  uut  wuuuj  n.utr,mv..v  - 

but  for  any  given  acid  tends  to  be  larger  the  higher  the  dilution. 

0.  Metals  in  Aqueous  Hydrochloric  Aotd 
After  period  of  induction  or  adequate  pretreatment  with  acid, 
(a)  A  plate  of  the  metal  with  one  surface  exposed,  attached  eccen¬ 
trically  to  stirrer  stem,  acts  as  blade  of  stirrer.  Radius  of  path 
not  given;  100  r.p.m.;  25°C.  (6)  Same  apparatus  and  temp. 

Stirrer  stationary. 


(a) 


Metal 

Al* 


The  agreement  Detween  me  um«  »<  m  ■■■  i 

acidity  (see  5)  is  probably  due  to  the  slowness  of  diffusion  in  the 

unstirred  solutions. 

7  Copper  in  Aqueous  Ferric  Chloride  and  Ouprkj  <  hloiude 
All  solutions  contained  NH4CI,  3.7  to  4.7  mole  1.  Variations 
i„  concentration  of  NH4CI  were  without  effect  on  K  when  ovei  -  5 
mole/1  were  present.  Rotary  stirring.  1500  r.p.m.;  dissolving 


Salt 

No.  of 
exps. 

Initial  concentration, 
mole/1 

Mean, 

K, 

cm/min 

3 

(0.186)  (0.191)  (0.290 1 

0  205 

2 

(0.166)  (0.195) 

0  205 

F?C1.  -4-  CuCU  . 

4 

Various 

0.204 

Mean  of  the  9  exps. 

0  2044 

(b) 


Znf 

Mgt 

Mg§ 


tion,  initial 

cone,  in  mole  1 

K, 

Lit. 

HC1 

Salt 

cm/min 

0  5 

0  0025 

(8) 

1.0 

0  0037 

1.5 

0  026 

2.0 

0  057 

3.0 

0  088 

4  0 

0  123 

1  0 

AlClj,  0.33 

0  044 

2.0 

AlClj,  1.0 

0  064 

1  0 

KC1,  1.0 

0  0078 

2  0 

0. 10 

(7) 

0  125 

0  41 

(») 

0 . 0625 

0  20 

<«) 

0.125 

027 

0  25 

0  32 

*  Cut  from  rolled  bur.  t  Kahlb*um  J  Sheet  metal.  Kahlbau.n  J  A  differ¬ 

ent  sample  of  Mg  from  the  above,  not  rolled. 

10.  PbS,  ZnS  and  Related  Minerals  in  Diute  Sulfuric  Acid 
Material,  screened  fragments  of  uniform  size.  No  stirring. 
Velocities  were  proportional  to  concentration  of  acid  between 
0.0125  and  1.25r;  H,SO«.  The  relative  values  of  the  velocity 
constant  tabulated  below  were  the  same  al  all  temperatures 

between  0  and  50°  (15»  16). _ 

Mineral 


Galena  (PbS,  about  98‘i) . 

Sphalerite  (ZnS,  about  99ri) . 

Sphalerite  (Fb,  11.4*;  ;  Fc,  3.6ri). 


Locality 

K  a/b 

I  Clausthal 

1  1X1 

Spain 

3  2 

1  Clausthal 

t.  a 
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1 0 . —  ( C o  n  tin  ued ) 


Mineral 

Locality 

A„rl). 

b,  14.9%; 

Fe,  3.5(t 

;  Si02, 

Bcnsberg 

11.1 

(ferriferous 

ZnS;  Fe 

16%; 

Breit.enbrunn 

14.0 

11.  Mineral  Carbonates  in  Acids 


Material,  except  in  cases  of  malachite  and  marble,  large  crystals. 
Single  exposed  surface  vertical.  Stirring  by  gas  evolved  only; 
15°C  (19.  20). 


Mineral 

Acid 

arh. 

Remarks 

Iceland  spar  (CaC03) 

HCl,  HNOaor  HI 

1.00 

Cleavage  face. 
Velocity  with 

HBr  ca.  40% 
higher 

Aragonite  (CaC03)  .  . 
Dolomite 

HCl  or  UNO, 

0.48 

Face  (010) 

(CaCOi.MgCO,).. .  . 

HCl  or  HN03 

0 . 025 

Face  not  specified 

Witherite  (BaC03) .  .  . 

HCl  or  HN03 

1.28 

Face  not  specified 

Smithsonite  (ZnC03) . 

HCl  or  HN03 

0 . 087 

Face  not  specified 

Cerussite  (PbC03)  .  . 
Azurite 

hno3 

0.76 

Face  (010) 

[2CuCO,.Cu(OH)s]. 

Malachite 

HCl  or  HN03 

0.33 

Face  not  specified 

[CuC03.Cu(0H)2].  . . 

HCl  or  HN03 

0.23 

Massive 

Marble  (CaC03) . 

HCl  or  HN03 

1.7 

Massive 

Reaction 
v 


K  -  -  '  -  dC- 
A  S(C  +  a)  d t 


12.  Copper  in  Aqueous  Ammonia 
autocatalytio,  accelerated  by  dissolved 


In 


C  2  +  a  . 


copper. 


Ci  +  a 


in  which  C  =  concen- 


K°  TC 

K  ’  A° 


(v  dC\ 

V5  df  )c=o’ 


the 


S iti  —  t  i) 

tration  of  dissolved  copper. 

initial  velocity.  For  a  given  concentration  of  dissolved  oxygen 
Kq  and  a  are  constants.  A0  is  approximately  proportional  to  the 
square  root  of  the  oxygen  concentration;  A  is  practically  independ¬ 
ent  of  it.  The  validity  of  this  equation  ends  abruptly  with  the 
formation  of  an  oxide  coating  on  the  metal,  due  to  accumulation  of 
OH"  ions  produced  by  the  reaction.  This  stage  is  deferred  by  a 
higher  concentration  of  ammonia,  and  also  by  ammonium  salts. 

Mean  values  of  A  for  various  constant  concentrations  of 
ammonia  in  solutions  kept  saturated  with  air.  Two  copper  plates 
1.5  X  1.3  cm  describe  in  liquid  a  circular  path  2  cm  in  radius,  1120 
r.p.m.;  S  =  7.6  to  8.6  cm2;  24.8°C  (32). 


Ao  =  13.6  X  10~4 

a  =  0.0020 

NH3,  mole/1 

NH4  salt,  mole/1 

A,  *  cm/min 

1.047 

0 

0.640 

1.921 

0 

0.703 

3 . 963 

0 

0.653 

1 . 047 

(NH4) 2SO4,  0.01 

0.710 

1.088 

(NH4)sS04,  0.05 

0.680 

1 . 080 

(NH4) 2SO4J  0.1 

0.671 

1.080 

nh4no3,  0.1 

0.681 

1.080 

NH4CI,  0.1 

0.691 

Mean  0 . 679 

*  The  results  show  that  within  these  limits  K  is  independent  of  the  concentra¬ 
tion  of  free  ammonia  and  of  ammonium  salts. 

13.  Silver  in  Aqueous  Potassium  Cyanide 

For  constant  concentration  of  dissolved  oxygen  A  =  ~  m(C0  — 

C  T  ^ 

C)  +  log io  £,d  in  which  C  =  concn.  of  KCN,  C0  =  initial  concn., 

m  =  a  constant  =  0.4343  ~  (/c2  =  velocity  constant  of  the  diffu¬ 


sion  of  cyanide,  k i  =  velocity  constant  of  the  chemical  reaction 
at  interface).  The  validity  of  this  equation  is  ultimately  disturbed 
by  Oil-  ions  produced  by  the  reaction  itself,  and  the  sooner  the 
smaller  the  value  of  Co. 

Mean  values  of  A  and  m  for  various  initial  concentrations  of 
KCN  for  solutions  kept  saturated  with  air.*  Stirring  like  last; 
600  r.p.m.;  two  silver  plates  1.5  X  1.2  cm;  S  =  7.3  to  8.7  cm2, 
25°C  (33). 


Co, 

mole  /I 

m 

K, 

cm/min 

Co, 

1  mole/1 

m 

K, 

cm/min 

0.1480 

135 

0.226 

0 . 0042 

140 

0.231 

0 . 0632 

140 

0.230 

0.0022 

150 

0.217 

0.0316 

145 

0.231 

0.0011 

150 

0.209 

0.0158 

155 

0.222 

— 

0 . 0079 

140 

0 . 225 

Mean  144.4 

0  224 

*  In  solutions  saturated  with  pure  oxygen  the  velocity  of  dissolving,  fa* ' 

was  2.5  times  larger,  indicating  approximate  proportionality  with  [0*1 2’-.  K  was 
also  increased  but  in  a  somewhat  smaller  ratio. 

14.  Zing  in  HCl  Dissolved  in  Alcohols  and  in  Acetone 
A  thin  rod  of  zinc  mechanically  raised  and  lowered  in  liquid  72 
times  per  minute.  S  =  2.78  cm2;  organic  solvents  anhydrous,  and 
contained  initially  0.5  mole/1  of  HCl;  presence  of  a  small  amount  of 
H20  in  CH3OI  I,  C2H5OH  and(CH3)2CO  lowered  velocity;  20°C  (34). 

HCl  in  |  Methyl  ale. |  Ethyl  ale.  |  Amyl  ale.  |  Acetone  |  H20 
A',  cm/min  |  0.37  0.17  !  <0.01  |  0.42  |0.14 

TEMPERATURE  COEFFICIENTS 


M  designates  mechanical  stirring;  G,  stirring  by  gas  evolved  by 
reaction;  O,  no  stirring 


Reaction  and  stirring 

Comparable  velocities 
at  two  temperatures 

A'  1  + 10° 

-kT 

Lit. 

Benzoic  acid  in  H20, 

M 

(1.587)i.6 

(2. 851)i7.6 

1.442 

(3!) 

(2. 851)i7.s 

(4.524)3, 

1.40s 

(4. 524)  3  i 

(5. 756)  4o 

1.307 

(5 . 756)40 

(9 . 946)60 

1.3U 

Cd  in  1 2  +  KI, 

M 

(3.72), 

(5 . 87)is 

1.356 

(25) 

(5. 87)  15 

(7.62)25 

1.29s 

(7  .  62)25 

(9.55)36 

1.253 

(9.55)35 

(11.81)45 

1.237 

(11.81)4* 

(14.26)55 

1.207 

(14.26)55 

(16.93)65 

1.187 

Ix2S04  in  H20, 

M{ 

(0.027)4.s 
(0.0  / 1)30-1 

(0 . 071)3o-i 

(0.  166)68-9 

1.47 

1.25 

(12) 

Iv2Cr207  in  H20, 

M 

(0 . 026)4.s 

(0.073)35.3 

1.40 

NaC103  in  H20, 

m{ 

(0 . 043)  4.8 
(0 . 183)36.i 

(0.083)30., 

(0.261)44.7 

1.30 

1.45 

Benzoic  acid  in  H20, 

M 

(2 . 30)  20 

(3 . 35)30 

1.5 

(4) 

Mg(OH)2  in  benzoic  acid,M 

(1 . 55)2o 

(2 . 35)30 

1.5 

Mg(OH)2  in  HCl, 

M 

(8 .  l)2o 

(12.2)3, 

1  5 

Cu  in  FeCl3  or  CuCl2, 

M 

(0.1508)i5 

(0.2044)26 

1.36 

(2) 

[ 

(0 . 031)0 

(0.045)n 

1.40 

(9) 

Cu  in  Fe2(S04)3, 

° 

(0.045),, 

(0.054),, 

1.30 

i 

(0.054)  I, 

(0.070)25 

1.45 

Fe  in  Fe2(S04)a, 

O 

(0.055)  is 

(0.074)25 

1.53 

f 

(0.037), 

(0 . 048)  n 

1.27 

Cd  in  Fe2(S04)3, 

0 

(0.048)  u 

(0.062)  ,8 

1.44 

(0.062)  18 

(0.076)25 

1.34 

Sn  in  Fe2(S04)3, 

o| 

(0.030), 
(0.050) „ 

(0.050)  ,8 
(0 . 002)25 

1.33 

1.36 

Cu  in  K2Cr207  +  II2S04,  M 

(8. 15)21 

(10.38)3, 

1.27* 

(2  9) 

(10.38)31 

(13.03)4, 

1.26 

Cu  in  NH4OH(air-satd.) 

M 

(2.094),,., 

(2 . 283)24.s 

1.17 

(32) 

(2  263)24., 

(2 . 588)34.8 

1.14 

KINETICS  01  SOLUTION 


:>n 


TEMPERATURE  COEFFICIENTS.  Co  l  ' 


■  -  - 

Reaction  and  stirring 

Comparable  velocities  1 
at  two  temperatures 

V  1  +  10 

K,  I 

Lit. 

(2 .51),,  (2  82),. 

1  13  j 

(33) 

Ag  in  KCN (air-satd.), 

M 

(2  82)54 

[3  26), » 

1 . 16  j 

(3  26)  r, 4 

.3 . 84)44 

1  18  : 

Mg  in  HC1, 

G 

(2054)o 

(3059)24 

1  17+1 

(6> 

(3059),  4 

,5564)  *> 

1  27  I 

(1.00)4o 

(1.51)74 

1  2f 

(3  | 

A1  in  IICl  (2 N), 

M 

(55)* 

(1396)44 

2 . 05 

(8) 

A1  in  HC1  (3 N), 

M 

(248)0 

(982)24 

1  73 

Fe  in  HC1, 

G 

(2 . 5)40 

(5 . 8)61-4 

2.1 

(18) 

(5  8) 4 1 . 4 

(19)78.4 

2.0 

Fe  in  I12S04, 

G 

(1 . 83)  j. 3 

(11. 5)23.7 

2.0 

(10) 

(11. 5)23.7 

(26. 2), , 

1.7 

(26.2)44 

(63 . 1)sh.5 

1 9 

Iceland  spar  in  HC1, 

G 

(0 . 044)„ 

(0.095)  ,4 

1.67 

(21) 

(0.095)  ,4 

(0.251), 4 

1  62 

(0.251)34 

(0  565)44 

1 . 50 

Witherite  in  HC1, 

G 

(0.1 22)  ,4 

(0.406), 4 

1.8 

(20) 

Azurite  in  HC1, 

G 

(0.031), 4 

(0.062),  s 

1.4 

Dolomite  in  IICl, 

G 

(0.0024)  ,5 

(0.0046), s 

1.38 

Smithsonite  in  HCl, 

G 

(0.0083)  ,4 

(0.0142), 4 

1.31 

Malachite  in  HCl, 

G 

(0.022)  ,4 

(0.037), 5 

1.30 

PbS,  ZnS  (minerals) 

in 

Range  0 

to  80°  (8 

1.54 

(15) 

dilute  H1SO4, 

0 

temps.), 

coefficient 

constant 

Cu  in  benzaldehyde 

dis- 

(52  8)40 

(72 . 2)40 

1.36 

(17) 

solved  in  toluene,  10%  by 

(72.2)40 

(106)  oo 

1.46 

Vol. 

(106)  60 

(153)70 

1.44 

0 

(153)70 

(220)8* 

1.43 

(220)80 

(320), 0 

1 . 45 

(320)m 

(455)  ,00 

1.42 

*  Two  other  determinations  at  different  concentrations  but  same  temperature 

range  gave  1.29  and  1.30,  respectively. 

t  Practically  the  same  value  was  obtained  also  in  mechanically  stirred  solutions. 

RELATIVE  VELOCITIES  FOR  DIFFERENT  CRYSTAL  FACES 

In  the  case  of  simple  (reversible)  solution  in  a  solvent  a  differ¬ 
ence  in  the  observed  velocities  of  dissolving  of  two  faces  of  the 
same  crystal  may  be  partly  or  wholly  due  to  a  difference  in  the 
solubilities  (C.)  of  the  two  faces,  rather  than  in  their  velocity 
constants  K.  In  some  cases  the  evidence  decidedly  favors  this 
explanation,  notably  when  the  velocities  for  the  two  faces  differ 
appreciably  only  when  the  solution  is  nearly  saturated. 

Sodium  Chloride  in  Water  and  in  Various  Sou  tions 

Dissolving  face  vertical.  No  stirring.  25°C  (14)-  The 

table  summarizes  results  for  other  faces  compared  with  results 
for  cube  Owing  to  influence  of  convection  currents,  K  for  cube 
increased  linearly  with  (0.  -  C).  A  face  other  than  the  cube 
gave  a  different  value  of  K  and  a  different  rate  of  increase  n  . 
for  cube  was  used  in  the  calculations,  but  complete  agreement 
was  obtained  by  assuming  C.  for  the  second  face  to  differ  bv  the 
percentage  amount,  A.  Differences  were  appreciable  only  in 
solutions  very  nearly  saturated,  and  disappeared  entirely  if  satura¬ 
tion  was  90%  or  less.  The  author  concludes  that  A  has  t he  same 
value  within  error  of  experiment  for  all  faces  of  Nat  1,  and  >at  A 
represents  actual  percentage  differences  in  the  solubility  of  the 
given  face  from  that  of  the  cube. _ _ _ 

"  '  I  Various  faces  V  ith 

'in  pun1  NaCl  formamide, 
solutions,  A%  150  g  1,  A  % 


+0  04  -0  4 

±0  00  ±0.0 


Sodium  Chloride. 

— ( Continued  1 

Various  faces 

With 

in  pun-  NaCl 

formamide. 

solutions  A% 

150  g  1.  A% 

Tetrahedron  (320 ) 

-0  18 

Dodecahedron 

-0  18 

-0  4 

Trisoctahedron  (221). 

±  0  00 

-0  3 

Ilexoctahedron  (321). 

-0  18 

-0  2 

Trapezohedron  (211) . 

-0  18 

-0  2 

Octahedron  in  NaCl  solutions  containing 


Urea 

Formamide 

KNO, 

g  1  A«a 

g/1 

A% 

g/1 

A<3 

0 

±0.04 

23 

±0 

0 

40 

±0 

0 

50 

±0.00 

53 

±0 

0 

SO 

±  0 

(1 

96 

-0. 10 

SO 

—  0 

•) 

120 

+  <» 

1 

130 

-0.12 

110 

-0 

3 

160 

+0 

1 

180 

-0  17 

150 

-0 

4 

200 

±0 

0 

230 

-0.34 

188 

-0 

4 

280 

-0  42 

Gypsum  (CaSO^HjO)  in  Water 


C.  =  2.094  g/1  (anhyd.  salt).  C  at  all  times  C0.16C,;  rotary 
stirring;  relative  velocities  for  surfaces  cut  parallel  to  pinacoid 
(010),  prism  (110)  and  pyramid  (111);  25°  (23). 

U„,„:  Uno:  I',,,  =  LOO:  1.76:  1.88 
Wagner  (30)  finds  at  25°  1  mo:  1  m  =  1.00:  156- _ 

CrSO«.5HjO  in  Water 

C,  =  228.0  g  I  (anhydrous  salt) ;  C  at  start  =  0.9175C,;  method 
like  last;  24.9°  (24). 

Un.rFn.  =  1-00:1.27 _ _ 


Tartaric  Acid  and  Salts  in  W  ater 
Relative  velocities.  Two  unlike  faces  acted  upon  simultaneously. 

Exposed  surfaces  vertical;  no  stirring;  ca.  20°  (n) _ 

Tartaric  acid  in  water  (100)  (101)  (110)  (110)1  (101)  (Oil)  (00^1) 
C  =  875  g/1. .  1.00  1.20  1  49  1.55  1.68  1  <>'s  1  76 


CuS04.5HjO  in  water. 

C  =  168  g  1  (anhyd.  salt) 

K4Fe(CN)».31IiO  in  water 
C  =  389  g  fl  (anhyd.  salt) 


(100)  (110)  I  (111)  I  (010)  (1 10) 

1  00  1.37  1  28  1  18  1  12 

.  (010)1(110)  (011) 

1.00  1.79  1.86 


NaNOj  in  Water 
C  =  485.5  g/1;  no  stirring;  25° 
Ilhombohedron  Rhombohedron 

(1010)  (1210) 

V  =  11.8  107 


03) _ 

Base  (0001) 

10.8  mg /cm1  min  1 


M«SO«.7H,0  in  Water 

C  =  331  g  1  (anhyd.  salt);  no  stirring  Q3) _ 

Base  (00 lj  1  Pinacoid  (010)  I  Prism  (110)  Sphenoid  (111) 
r   j  7  !  3  5  3.5  3.7mg/em1min  1 


Quartz  in  Hydrofluoric  Acid 

Sol.  I: IIF  =  97.18  gfl;  Sol.  II:UF  =  201.7  g  I;  no  stirring  t1 3 ) 


inJI .  A  .  *  » 

Base 

Prism 

Prism 

Rhombohedron  ( 101 1 ) 

(I)  v  •= 

(II)  V  = 

(0(M)1) 

7.2 

18.76 

(1120) 

1.15 

4.37 

(1010) 

1  17 

4  41 

0.97  mg/rm1  day-* 
3.7  mg  'em1  day  1 

Iceland  Spar  in  IICl 


Single  exposed  surface  vertical.  Stirring  by  gas  evolved  only. 
15°  (2l).  For  surfaces  cut,  1,  parallel  to  principal  axis,  -. 
parallel  to  cleavage  plane;  and  3,  perpendicular  to  axis. 

Vt :  V,  =  1.00:  1.05:  1  14 _ „ 


Octahedron 
Tetrahexahedron  (310) 
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(X-ChLORODI NITROBENZENE  IN  ETHER  (*) 

Prism  (110)  was  compared  with  pinaeoid  (001).  When  the 
same  value  of  C,  was  used  in  the  calculations  for  both  faces  the 
ratio  A'(no):  A'(ooi)  varied  with  the  concentration,  reaching  0.4  in 
nearly  saturated  solution  but  approaching  unity  at  slightly  lower 
concentration.  The  author  concludes  that  A’(no)  =  AT ( ooi>  and 
that  observed  differences  are  due  entirely  to  the  fact  that  prism  face 
is  less  soluble  than  the  pinaeoid.  15.1°  and  19.8°;  mechanical 
stirring. 
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VELOCITY  OF  CRYSTALLIZATION 

H.  C.  Burger 


Contents  Matures 

Formation  of  crystal  nuclei.  Formation  des  noyaux  cristallins. 

Crystal  growth.  Accroissement  du  cristal. 

FORMATION  OF  CRYSTAL  NUCLEI 

If  extraneous  influences  are  eliminated,  the  number,  N,  of  nuclei 
which  are  formed  at  a  given  temperature  should  be  proportional 
to  the  volume  of  the  liquid  and  to  the  time.  This  number  is  a 
characteristic  temperature  function  of  the  liquid.  Transition 
in  the  crystal  state  from  one  form  to  another  can  occur  spontane¬ 
ously  in  a  similar  manner. 

The  measurements  of  the  number  of  nuclei  are  however  not  very 
accurate,  and  the  values  given  below  represent,  therefore,  only 
order  of  magnitude.  The  first  temperature  given  is  the  melting 
point.  N  is  given  in  cm-3  sec-1. 

FORMATION  DES  NOYAUX  CRISTALLINS 

Si  l’on  eliinine  les  influences  exterieures,  le  nombre,  N,  de 
noyaux  qui  sont  formes  a  une  temperature  do  mice  doit  etre 
proportionnel  au  volume  du  liquide  et  au  temps.  Ce  nombre  est 
pour  un  liquide  une  fonction  caraeteristique  de  la  temperature. 
La  transition  A  l’6tat  cristallin  d’une  forme  dans  une  autre  peut  se 
produire  spontandment  d’une  maniere  analogue. 

Les  mesures  du  nombre  de  noyaux  ne  sont  cependant  pas  tres 
precises  et  les  valours  donn£es  ci-dessous  ne  representent  par 
consequent  (pie  l’ordre  de  grandeur.  La  premiere  temperature 
donnee  est  le  point  de  fusion.  N  est  exprime  en  cm-3  sec-1. 


Diopside  (Zermatt)  (44) 

t,°  C . j  mO  j  1260  j  1200  j  1175 

N_ . . !  0 _ 60  I  150  I  180 

Melilite  (Alno,  Sweden)  (44) 

t,  °C  .  1180  1130  1100  j  1080  ]  1060 

N_ _ |  0  120  300  |  430  |  500 

Spinel  (Amity,  N.  Y.)  (44) 

t,  °( ’  .  .  |  1360  1225  1210  I  1200  1185  I  1175 

_ 0  60  ISO  I  270  1  420  '  570 

Hedenbergite  (Nordmarken)  (44) 

t,  °C .  Tioo  1T20  :  noo  ioso 

N...  0  70  180  250 


Inhaltsverzeichnis  Indice  pAOfl 

Bildung  von  Kristallkeime.  Formazione  dei  germi  cristallin i  60 

Kristallwachstum.  Accrescimento  dei  cristalli . . .  .  61 

BILDUNG  VON  KRISTALLKEIME 

Wenn  aussere  Einfliisse  eliminiert  sind,  sollte  die  Zahl,  N,  dcr  bei 
gegebener  Temperatur  gebildeten  Keime,  dem  Volum  der  Fliissig- 
keit  und  der  Zeit  proportional  sein.  Diese  Zahl  ist  eine  fur  die 
Flussigkeit  charakteristische  Temperaturfunktion.  In  iihnlicher 
Weise  konnen  im  kristallisierten  Zustande  spontan  Ubergange  von 
der  einen  Form  in  die  andere  stattfinden. 

Die  Messungen  der  Keimzahl  sind  aber  nicht  sehr  genau,  und 
die  folgenden  Werte  geben  deshalb  nur  die  Grossenordnung  an. 
N  ist  in  cm-3  sec-1  gegeben. 

FORMAZIONE  DEI  GERMI  CRISTALLINI 

Quando  siano  eliminate  influenze  esterne,  il  numero,  N,  di 
germi  che  si  formano  ad  una  data  temperatura,  deve  essere  pro- 
porzionale  al  volume  di  liquido  ed  al  tempo.  Questo  numero  & 
una  funzione  della  temperatura  caratteristica  per  il  liquido.  In 
maniera  simile  possono  verificarsi  trasformazioni  (alio  stato  solido) 
di  una  forma  cristallina  nell’altra. 

Le  misure  del  numero  di  germi  non  sono  pero  molto  esatte,  ed  1 
valori  seguenti  danno  percio  solo  un’idea  delFordine  di  grandezza. 
La  prima  temperatura  data  6  il  punto  di  fusione.  N  e  dato  in 
cm-3  sec-1. 


Aegirite  (Lange  Sundfjord)  (44) 


1020 

1000 

975 

950 

0 

80 

130 

160 

3,  4-Dinitrobromobenzene,  3,  4-(OjN)oCf,HiBr. — N  is  the  num¬ 
ber  of  nuclei  of  the  stable  form  (M.  P.  =  59.5°)  in  the  metastable 
crystal  phase  (M.  P.  =  34.8°)  (45). 


°c. . 

.  |10 

±0 

-10 

-20  - 

-30  -40  -50  -60  -70 

N  . 

.  0.01 

0. 1 

0.5 

i  1 

1  2  4  2  0.3 

Betol  (/3-Napthyl  Salicylate)  OHC,  ELCCLCioHt. — N  is  a 
maximum  at  15  ±5°  and  equals  0.7  to  2  (45). 

Piperine,  C17H19NO3. — N  is  a  maximum  at  40  ±  5°  and  equals 
0.2  to  10  (45);  cf.  (54). 


KINETICS  OF  CRYSTALLIZATION 
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CRYSTAL  GROWTH 

The  linear  crystallization  velocity  at  the  crystal-liquid  boundary 
is  a  function  of  its  temperature  (9>  10)  which,  however,  is  seldom 
measured  (10>  53).  the  temperature  of  the  surroundin';  hath  only, 
being  known.  The  maximum  linear  crystallization  velocity 
(K.  G.)  of  the  liquid  or  transition  velocity  (I  .  G.)  of  one  crystal 
phase  to  another  is  a  characteristic  property  of  the  substance, 
which,  however,  is  very  sensitive  to  impurities,  so  that  the  values 
recorded  below  may  be  5-10%  in  error  from  this  cause,  in  cases 
•where  another  precision  is  not  indicated. 

Maximum  linear  crystallization  (K.  C..)  and  transition  (U.  G.) 
velocities.  The  unit  is  millicentimetcrs  (10'*  cm)  per  sec;  M.  I’. 
=  melting  point,  °C;  (s)  -  stable  form;  (m)  =  metastable  form. 


ACCROISSEMENT  DU  CRISTAL 

La  vitesse  de  cristallisation  lindaire  dans  la  zone  cristal  liquide 
est  une  fonction  de  sa  temperature  (9>  10>  qui  est  cependant 
rarement  mesurde  (i°>  53).  Dans  la  plupart  des  cason  ne  commit 
que  la  temperature  du  bain  environnant.  La  vitesse  maximum  de 
cristallisation  lindaire  (K.  G.)  du  liquide,  ou  la  vitesse  de  tran¬ 
sition  (U.  G.)  d’une  phase  cristalline  en  une  autre,  est  une  propriety 
caractdristique  de  la  substance  qui  est  cependant  tres  sensible  aux 
impuretds.  Lcs  valeurs  donndes  ci-dessous  peuvent  done  et  re 
entachdes  d’une  erreur  de  5  k  10%  lorsque  la  limite  de  l'erreur 
n’est  pas  expriinde. 

Vitesse  maximum  de  cristallisation  lindaire  (K.  G.)  et  vitesse 
de  transition  (U.  G.).  L’unitd  est  lemillicentimdtre  (10"’ cm  par 
sec;  M.  P.  =  point  de  fusion,  °C;  (s)  =  forme  stable;  (m)  =  forme 
metastable. 


1 - ~ 

K.  G.  or 

Name 

U.  G. 

Formula 
H»PO« 

Ca(NOi)i.tHsO 
Cd(NO:)i-4HjO 
NajSjOj.oHiO 
Na*S*0j.5H*0 
Nll:S;(  )i.5HjO 


CtHjClO* 


Calcium  nitrate,  4-hydrate 
Cadmium  liilrate,  4-hydrate 
Sodium  thiosulfate,  5-hydrate  (s). 
Sodium  thiosulfate,  5-hydrate  (m)  . 

m  — ►  8,  U.  G.  = . 

Chloroacetie  aeid: 

(M.  P.)i  -  61.3°;  (M.  P.)II  -  86.2<>; 

(M.  P-)  Ill  =  50.2° 

Ill  — *  II,  U.  G.  = 

ii  —i  .  it;  — . 

Ill  -» I,  U.  G.  - . 


.  7  ±  0. 3 
50 
195 
185 
83 


120 

95 

410 


C.H.UrsOj 


CjH.NtO 

C4H10O4 

C4H.ClN.O4 

C4H.M.O7 

C4H4FMO1 

C4H.CINO. 

C4H«HrNOi 

C4H4INO, 

C4H4O1 

C.HuNOt 

CtHtNO 

CtH.O. 

C4H40. 

C.HioO. 

C10II.N 

C10H11NO, 


CnH  10N  j 


a,  /3-Dibromopropionic  aeid: 

«,  M.  P.  =  64*.  K.  G. 
m,  K.  G.  “  . 

m  — *  *,  U.  G.  - 

Ethylurea,  M.  P-  “  95° 

F.rythritol  (») . 

3,  4-Dinitrochloroben*ene,  M.  P.  50c 
Picric  aeid . 

m-Fluoronitrobenzene . 

m-Chloronitrobemene . 

m-Bromonitrobemene. 

m-Iodonitrobenseno 

Resorcinol  I,  M.P.  — ’  110°,  K.t» 
Resorcinol  II,  M.  P.  “  108,  K.  G.  m 

I  —  11.  f  .  G.  -  . 

Ethyl  d-aminocrotonate  («) 

Formanilide . 

Guaiacol . 

Phthalide . 

Ilydrocinnamic  acid 
cr-Naphthylamine 

l-Hydroxy-2(p-nitrophenyl)-e  t  h  yl 

methyl  ketone 

A ao benzene,  I,  M.  P-  “  "•>  'L 
M,  P.  -  128° 

I  —  II,  U.  G.  -• 


5.8 

7.2 

1.4 
145 

45 

6.5 
1430 

25 

1500 

1150 

200 

700 

450 

0 . 70  ±  0 . 07 
58 
1.75 

9.3 
25 

470 

110 

2  5 


530 


Lit. 


(s) 

(20,  22,  28) 
(22) 
(37) 
(37) 
(37) 


(S7> 

(37) 

(37) 

(*7) 

(37) 

(*7) 
(*7) 
(«,  37) 

(17> 

(«1 

(22) 
(22.  38) 
(3.  22) 

(**) 

(*7) 

(*7) 

(*7) 

(*7) 

(«*) 

(3  3) 

<*7) 

<**» 

(«‘) 

(») 


(27) 


KRISTALLWACHSTUM 

Die  lineare  Kristallisationsge*chwindigkeit  an  der  Grenie 
Kristall-Flussigkeit  ist  cine  Funktion  deren  Ternperatur  (9>  10 
welche  atber  selten  getnessen  ist  10>  53i.  Meiatena  iat  nur  ,llr 
Temperatur  des  uingebendcn  Bades  bekannt.  Die  maximalc 
lineare  Kristallisationsgesehwindigkeit  der  Flussigkeit  (K.  G.) 
eider  die  Umwandlungsgeschwindigkeit  (l  .  G.)  der  einen  Kristall- 
phase  in  die  andere  ist.  cine  charakteriatiache  Eigenschaft  tier 
Substanz,  welche  aher  sehr  cmpfindlich  gegen  Yerunreinigungen 
ist.  Deshalb  konnen  die  unten  angegebenen  Werte  mit  emem 
Fehler  von  5-10%  behaftet  sein,  wenn  keine  andere  Fehlergrenze 
genannt  wird. 

Maximale  lineare  Kristallisationsgeschwindigkcit  (K.  G.)  und 
Umwandlungsgeschwindigkeit  (l  .  (>.).  Die  Einheit  ist  Hi 

cm  pro  sec;  M.  P.  =  Schmelzpunkt,  °C;  («)  =  stalulc  Form;  (m) 
=  metastabile  Form. 

ACCRESCIMENTO  DEI  CRISTALLI 

La  velocity  lineare  <li  cristallizzazione  in  corrisjxmdenza  della 
zona  di  eon  tat  to  criatallo-liquido  e  una  funzione  della  temperatura 
(9,  i°i  alia  quale  essa  si  trova; quests  temperatura  per6  raramente 
d  stata  misurata  direttamentc  10>  53  •  Per  lo  piu  si  conosce 
soltanto  la  temperatura  del  bagno  nel  quale  il  sistema  in  esame  e 
immerso.  La  velocity  lineare  massima  di  cristallizzazione  di  tin 
liquido  (K.  G.)  o  di  trasformazione  (U.  G.i  di  una  fase  crista llina 
nell’altra  e  una  proprieta  carat teristica  delle  sostanze.  Fssa 
risen te  perb  molto  l’influenza  delle  impurezze,  per  modo  rhe  i 
valori  sotto  riportati  possono  essere  inesatti  del  5-10%,  quando 
non  siB.no  indicati  altri  limiti  di  errorc. 

Velocity  lineare  massima  di  cristallizzazione  (K.  G.  1  e  veloeitA 
di  trasformazione  (U.  G.).  L’unitA  e  10-*  cm  alsecondo;  M  P.  = 
punto  di  fusione,  °C;  (a)  =  forma  stabile,  (m)  =  forma  metastabile. 


Formula 

Name 

K.  G.  or 

TJ.  G. 

Lit. 

CuHiiN 

Diphenylaniine 

190 

(14,  It) 

Apiol  I.  M  P.  =  3'° 

12 

(4*) 

CnHuO,  < 

II,  M.  P.  =  27.5°. 

24 

(« •  > 

CuHioO 

Bensophenone . 

97  +  2  5 

(««) 

Salol  I,  M.P.  -42*. 

6  5  ±0.2 

(  1  0»  1  #) 

Cult  ioOj* 

II,  M.  P.  “  38  .8°. 

l  8 

<3‘) 

III,  M.  P.  -  28.3° 

0 . 45 

(  '  •) 

CuHiiN 

Benzalaniline . 

20 

(**) 

CuHiiN 

Bemylaniline . 

2  1 

715 

Cult  ioOi 

Benzil . 

(3  3) 

CuHioO* 

Benzoic  anhydride . 

Betol  (^-Napthyl  salieylatc) 

53 

CuHitO, 

I,  M.  P.  -  95°. 

1.7 

(«•) 

(*•) 

Ill,  M.  P.  -  93° 

Saliperin  (Antipyrine  salicylate) 

0.  K 

Ci.Hi.NjO* 

I.  M.  P.  -  91.8°  . 

II,  M.  P.  -  80.3° 

3.0 

5.0 

(*) 

(*) 

CitHi.NO.* 

Piperine . 

<*7> 

CiiHi* 

Triphejiyl  methane* 

Triphenyluuanidine, 

1,  m.  P.  -  139° 

21 

(*7» 

CuIiitN. 

II,  M.  P.  -  144.2° 

I  —  11,  U.  G.  - 

0  4 

15 

(8T) 

(IT) 

ChHutOi 

Tri^tenrin,  M  P  *  1 

2  8 

(*») 

*  For  effect  o 

f  electric  and  magnetic  fields  on  und.  rcooled  compound,  r 
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INTERDIFFUSION  OF  GASES  AND  VAPORS 

W.  P.  Boynton  and  W.  H.  Brattain 


By  the  coefficient  of  diffusion  of  one  gas  or  vapor  into  another  is 


(E-TABLE. — The  <£-Arrangement  ( v .  Vol.  Ill,  p.  viii) 


Sp i  5  /  Up A 

meant  the  quantity  D  occurring  in  the  equation  ^  ^  1  J  dr  ) 

t  =  time,  7>i  =  partial  pressure  of  the  diffusing  gas,  and  x  =  a 
length  in  the  direction  of  the  diffusion  (14>  15,  22,  24).  As  D 


5p  i 
5t 


varies  only  slightly  with  pi,  a  good  first  approximation  is 
5  2 

D  For  a  given  pair  of  gases  (A,  B),  the  value  of  D  for  diffu- 

ox‘ 

sion  of  A  into  B  is  the  same  as  that  for  B  into  A;  also  D  = 


Do  (/I  'j  l>0,  where  D0  =  the  value  of  D  at  T0  (  =  273°K)  and  p0 

( =  1  atm.),  D  is  its  value  at  absolute  temperature  T  and  pressure 
p,  and  m  is  a  constant  which  theoretically  lies  between  1.5  and  2.0, 
and  practically  may  be  taken  either  as  1.75  or  as  2.00,  depending 
upon  the  gases  (9>  10>  14>  ls).  For  methods  of  measurement,  see 
(13,  17,  22).  A  temperature  gradient  in  a  mixture  of  two  gases 
produces  a  diffusion  of  the  more  massive  molecules  towards  the 
region  of  lower  temperature  (D  2>  3’  4’  5).  For  separation  of 
gases  by  diffusion  through  porous  septa,  see  (7>  20);  for  diffusion 
through  metals,  see  p.  77;  through  glass,  rubber,  and  other  solids, 
see  p.  76.  For  diffusion  of  radioactive  gases,  see  Vol.  I,  p.  364;  of 
ions  in  gases,  consult  the  index  at  the  end  of  the  last  volume. 


A-»-TABLE 

Diffusion  of  Gases  into  Gases 


D  =  Do  (  )  >  m  =  2.00  for  all  cases  except  those  marked  *for 

V  T  o/  P 

which  m  =  1.75 


Gases 

Do, 

cm /sec 

Lit. 

Gases 

Do, 

cm /sec 

Lit. 

He-Ar 

H2-02 . 

0.641* 

.697* 

(12,  19) 

(6,  11, 

13,  17) 

1I2-C02 . 

II2-CH4 . 

0550* 

.625* 

(6,  13, 
17,  19) 

(17) 

02-N2 . .  . 

.  181* 

(n,  17) 

h,-g2h4 . 

.486* 

(17) 

()2-C() . 

.185* 

(13,  17) 

II2-C2Ho . 

.459* 

(17) 

o*-co2. . 

.  139 

(13,  17) 
(17) 

Ho-air . 

.611* 

(17,  21) 
(13,  17) 

02-air . 

.178* 

N20-C02 . 

.096 

Hz-SO, . 

.480* 

(13) 

co-co2 . 

.137* 

(13,  17) 

H2-N2 . 

.674* 

(") 

(17) 

CO-C2H4 . 

.  116* 

(17) 

H2-N20 . 

.535* 

co2-gh4 . 

.153* 

(13,  17) 

Hz-CO . 

.651* 

(13,  17) 

C02-air  . 

.138 

(13,  17, 
23) 

Diffusion  of  Vapors  into  Gases 


Vapor 

Values  of  Do  (cmVsec),  and  of  m 

Air 

CO, 

H, 

Lit. 

11 K,  mercury .  . 

Is,  iodine . | 

HjO,  water . 

0. 1124f 
0.0654t 
0.097 
0.220* 

0. 1387 

0.7516* 

(16) 

(16) 

(15.1) 

(9,  10,  11.1,  25) 

Values  of  Do  (cm2/8ec),  and  of  m 


v  apor 

Air 

CO, 

H, 

Lit. 

CS2,  carbon  disulfide . 

0 . 0892 

0.063 

0.3689 

(22,  25) 

CH2O2,  formic  acid 

0.1308 

0 . 0874 

0.5104 

(25) 

CH4O,  methyl  alcohol . 

0.1325  ( 1.0879 

0.5059* 

(25) 

C2H4O2,  acetic  acid . 

0. 1064 

0.0716 

0.4163 

(18,  25, 

C2H4O2,  methyl  formate . 

0.0872* 

(8) 

C2H6O,  ethyl  alcohol . 

0.102 

0.0685 

0.3753 

(11.1,  2  5) 

C3H 6O2,  propionic  acid . 

0 . 0829 

0.0588 

0.3297 

(18,  25) 

C3H6O2,  ethyl  formate . 

0.0840* 

0.0573* 

0.3368* 

(18,  25  j 

C3H6O2,  methyl  acetate . 

0.084 

0.0567 

0.3330 

( 8 f  18,  25) 

C3H;Br,  isopropyl  bromide . 

0 . 0902 

(18) 

CsH-Br,  n-propyl  bromide . 

0.085 

(18) 

C3H7I,  isopropyl  iodide . 

0.0802 

(18) 

C3H7I,  72-propyl  iodide . 

0.079 

(18) 

CsHsO,  isopropyl  alcohol . 

0.0818 

(18) 

CsHsO,  n-propyl  alcohol . 

0.085 

0.0577 

0.3153 

(18,  25) 

C4H8O2,  butyric  acid . 

0.067 

0.0476 

0.264 

(18,  25) 

CjHsCh,  isobutyric  acid . 

0 . 0679 

0.0471 

0.2713 

(18,  25) 

C4H8O2,  methyl  propionate . 

0.0735 

0.0528 

0.2949 

(8,  18,  25) 

CjHsCh,  propyl  formate . 

0.0712 

0.0490 

0.2810 

(18,  25) 

C4H8O2,  ethyl  acetate . 

0.0715 

0.0487 

0.273 

(18,  25) 

C4H10O,  72-butyl  alcohol . 

0.0703 

0.0476 

0.2716 

(18,  25) 

C4H10O,  isobutyl  alcohol . 

0.0727 

0.0483 

0.2771 

(18,  25) 

C4H10O,  trimethyl  carbinol . 

0.087 

(18) 

C4H 10O,  ether . 

0.0778 

0.05525 

0.2964 

(8,  1  8,  22,  25) 

C4H11N,  butylamine . 

0.0821 

(18) 

C4H11N,  diethylamine . 

0.0884 

0«) 

C4H11N,  isobutylamine . 

0.0853 

(ls) 

C5H10O2,  isovaleric  acid . 

0.0544 

0.0376 

0.2123 

(18,  25) 

C5H10O2,  72-valeric  acid . 

0.050 

(18) 

C5H10O2,  ethyl  propionate . 

0.0653 

0 . 0450 

0.2365 

(18,  25) 

C5H10O2,  isobutyl  formate . 

0.0705 

(13) 

Cr,  H10O2,  methyl  butyrate . 

0.0633 

0.0446 

0.242 

(18,  25) 

C5H10O2,  methyl  isobutyrate . 

0.0639 

0.0451 

0.2569 

(18,  25) 

CaH  10O2,  propyl  acetate . 

0.067 

(11.1,  18) 

C5H12O,  rt-amyl  alcohol . 

0.0589 

0 . 0422 

0.2349 

(25) 

C5H12O,  amyl  alcohol,  fermentation 

0.0585 

0.0419 

0 . 234 

(25) 

CeBU,  benzene t . 

0.077 

0 . 0528 

0.294S* 

(11.1,  25) 

CeHyN,  aniline . 

0.6095 

(15.1) 

CsHijOj,  caproic  acid . 

0.050* 

(18) 

C6II12O2,  isocaproic  acid . 

0.0513* 

(18) 

CeH  12O2,  amyl  formate . 

0.0543* 

(18) 

C6H12O2,  72-butyl  acetate . 

0.05N§ 

(18) 

C6H12O2,  ethyl  n-butyrate . 

0.0579 

0.0407 

0.2236 

(18,  25) 

C6II12O2,  ethyl  isobutyratc . 

0.0591 

0.0413 

0.2289 

(18,  25) 

C6H12O2,  isoamyl  formate . 

0. 058§ 

(18) 

C6H12O2,  isobutyl  acetate . 

0.0612* 

0.0425* 

0.2364* 

(18,  25) 

C6H12O2,  methyl  valerate . 

0.0569* 

(18) 

C6H12O2,  propyl  propionate . 

0 . 057 

0.0395 

0.2115 

(18,  25) 

CsHnO,  hexyl  alcohol . 

0.0499 

0.0351 

0.1997 

(25) 

CtHtCI,  benzyl  chloride . 

0.066 

(11.1,  18) 

C7H7CI,  772-chlorotoluene . 

0.054* 

(15) 

C7H7CI,  o-chlorotoluene . 

0.059 

(18) 

C7H7CI,  7>-chlorotoluene . 

0.051 

(18) 

C7II8,  toluene . 

0.0709 

(13.1) 

C7H14O2,  ethyl  valerate . 

0.0512 

0.0367 

0.2052 

(18,  25) 

C7H14O2,  isobutyl  propionate . 

0.0529* 

0.0366* 

0.2029* 

(1  8,  25) 

C7H14O2,  isopropyl  isobutyrate 

|0.0S9§ 

(18) 

C7H14O2,  propyl  butyrate . 

>0.0530 

0.0364 

0.2059 

(1  8,  25) 

C7 H 1 4O2,  propyl  isobutyrate . 

10.0549 

0.0388 

0.212 

(18,  25) 

CsHio,  ethylbenzene . 

|0.0658* 

(18) 

CsHio,  m-xylene . 

(18) 

CsHio,  o-xylene . 

0.062* 

(18) 

CnHio,  p-xylene .  . 

0.056 

(18) 

DIFFUSION  IN  GASES 


(T-TABLE.  Ctmtihiiitl 


Value*  of  Do  (cm*  wri,  and  <>{  m 


V  apor 

Mr 

CO, 

Hi 

I.it 

CsHitOs.  amyl  propionate 

0. 

046 

0 

0347* 

0. 

1914* 

(»«. 

2  5) 

C»Hi«Oj,  isobutyl  butyrate 

0 

0408 

0 

0327 

0. 

1850 

(>*■ 

2  5 

CiHuOi,  isobutyl  isobutyrale 

0 

0457 

0 

0304* 

0. 

I'M 

(18, 

2  5  ) 

C«HuO»,  propyl  valerate. 

0 

0466 

0 

034 1 

0 

1893 

(18, 

25) 

CaHit,  n-octane . 

0 

0505 

(>3. 

) 

C«Hu,  isopropylbenzene 

0 

0489 

('») 

C»Hu,  mesitylene.  .  . 

0 

056 

(>*) 

C«Hu,  n-propylbenzene 

0 

0481 

(“) 

C»Hi»Oj,  amyl  butyrate 

0 

040 

(IS) 

C»Hi»02,  amyl  isobutyrate 

0 

0419 

0 

9307 

0 

171 

(IS, 

25) 

CiHuOj,  isobutyl  valerate 

0 

0424 

0 

0308 

0 

1730 

(IS, 

25) 

CioHn,  naphthalene . 

0 

0513 

(13. 

l) 

CioHioOs,  isosafrol 

0 

0455* 

(IS) 

CioHioOj,  safrol 

0 

0434* 

(IS) 

CioHuOi,  euKenol 

0 

0377 

(IS) 

Cull  10,  diphenyl. 

0 

.0610 

(13. 

') 

CuHuNj,  benzidine 

0 

1 1298 

(13. 

l) 

CuHio,  anthracene 

0 

0421 

(13. 

') 

*  m  =  1.75.  t  Into  Ns.  t  Into  Os,  D„  -  0.0033,  m  —  1.75  ('•). 

§  Value  of  m  is  not  known. 


LITERATURE 

(For  a  key  to  the  periodical*  see  end  of  volume) 

i'  Chapman,  S,  34:  140;  17  3  Chapman,  93  i  17  1  Chapman,  ., 

99:  185  SI.  (*)  Chapman  and  Dootson,  S,  *3:  348;  17  *  Chapman  and 

Hainsworth,  S,  48:  503;  24  (*  lJeutach.  £>»*».,  Halle.  1907.  -7  Fiarher, 

Schrader  and  Jacer,  US,  4:  288;  23.  (•)  Griboedov.  r,.l,  (Pkyt.  *eri  ),  *#: 

36;93.  (*)  Guslielmo,  29,  17:  54;  81.  18:93;S2. 

(«•)  Qoudaille,  Theeie,  Paris,  1896.  (•»)  Jackmann,  Diet.,  Halle,  1906  ("-M 

LeBlanc  and  Wuppermann,  r.  91:  143;  16  13  Lonius,  S.  29;  664  08 

Dim.,  Halle,  1809.  (**)  Loechmidt,  74,  81:  367;  70.  62:1'.'  7"  **•*) 

Mat  k,  1,  49:  136;  27.  t  * «  ■  Maxwell,  <••/.  157:  19;  '.7.  I.  35:  128,  185;  68. 
(t  S)  Meyer,  Kinrtxe  Theory  o/Goses,  p.  247;  1898.  (*  •)  Mullnly  and  Jacques, 

3,  48:  1105;  24.  ('  7  i  von  Obormnyer,  75,  81:  1 1  < *— ;  80.  85:  14.,  748  s-’ 

87:  188;  88.  96  :  546  '7  .  >  »  Pochettino,  69,  8:  No.  7,  6e;  15  4: 

744:  22.  (*•)  Sehmidt,  D\s*.t  Halle,  19tll.  8 ,  14:  801;  04. 
it#  Schmidt  and  Lueke,  98,  8:  152;  22.  :31  Sohulae,  7,  89:  168;  15  (**) 
Stefan.  75, 63:63:71.  65:323:72.  M:385;73  98:  141'.  89  2,41:723; 

90,  (*3)  Waits,  8,  17:201;82.  <34  Wain,  in  Winkelmann,  llandhuch  drr 

Phyeik,  I.  pt.  2:  1415;  08.  (IS)  Winkelmann,  8,  22:  1,  152;  84.  23:  203; 

84  .  26:  105  ;  85.  33:  445;  88  36:93:89. 


COEFFICIENTS  OF  DIFFUSION  IN  LIQUIDS 

H.  R.  Bruins 


CONTENTS  Pagf. 

In  water . 

In  methyl  alcohol . 

In  ethyl  alcohol . 

In  benzene . . 

In  metals . 

In  other  liquids . 


Abbreviations  and  Conventions 

A. — Defined  by  the  equation  —  =  A  ^  where  c  is  the  con¬ 
centration  of  the  diffusing  substance  at  the  time  t  and  .r  is  the 
distance  in  the  direction  of  the  diffusion.  1  he  diffusion  coefficient, 
A,  (“true”  diffusion  coefficient),  is  thus  a  function  of  c.  In  the 
following  tables  these  “true”  diffusion  coefficients  are  in  all  cases 
marked  with  an  asterisk  and  they  correspond  to  the  concentration 
given  in  the  c-column  of  the  table,  this  concentration  being  also 
marked  with  an  asterisk. 

AU  unmarked  values  in  the  A  -column  of  the  tables  represent  some 
kind  of  “mean”  value  of  A  over  a  range  of  concentration:  they 
correspond  to  a  diffusion  from  an  initial  concentration,  c, .  (appear¬ 
ing  in  the  c-column)  into  the  pure  solvent  (unless  otherwise 
indicated).  These  “mean”  values  depend  also  on  the  method 
employed  and  in  some  cases  on  the  type  of  apparatus  used,  \  aim  > 
obtained  by  different  methods  are  therefore  not  comparable. 

As  far  as  possible  the  experimental  methods  employed  in  deter¬ 
mining  these  “mean”  values  are  indicated  by  Roman  numerals  as 
follows: 

I.  Method  of  steady  state. 

II.  Second  method  of  Graham  (27>  93 

III.  Method  of  Stefan-Schuhmeister  (118). 

IV.  First  method  of  Graham  (114>  143 

V.  Indicator  method  (2>  1 27). 

c  =  0*  indicates  diffusion  in  very  dilute  solution  A  is  then 
practically  identical  with  A.  (diffusion  ^coefficient  for  infinite 

dilution).  Temperature  coefficient  a  =  ^  where  t,  >  <-.■ 


Units 

Values  of  A  are  in  cm*/sec.  Values  of  c  are  in  gram-moles  per 
liter  except  in  the  case  of  electrolytes  where  they  are  in  g-equiv. 
per  liter. 

Accuracy 

The  values  following  the  +  sign  indicate  (a)  i:i  the  m  e  of  the 
“true”  A,  the  estimated  possible  error  in  the  absolute  value;  reap. 
(b)  in  the  case  of  the  “mean”  A,  the  possible  deviation  from  the 
correct  value  for  the  experimental  method  employed.  The  actual 
errors  will  probably  not  exceed  these  values.  The  reliability  of 
the  A  values  is  indicated  in  many  cases  as  follows: 


Svmbol . 

A 

B 

C 

D 

E 

F 

Error  probably  <  ± . 

2% 

3% 

5% 

7% 

10% 

(?) 

DIFFUSION  IN  WATER)  (OR  IN  A  GIVEN  AQUEOUS 
SOLUTION) 

1.  Elementary  Substances — A-T able 

cut  _ _ 


t,  °C 

Co  (resp.  1 

c*) 

10SA 

Method 

Lit. 

12 

01 

1.4 

11 

(42) 

16 

0.125  1 

1  •  26  || 

(74> 

Br, 

12 

0.1 

0.9 

11 

(42) 

H; ;  cf.  («,  43>  66) 


10 

16 

21 

0‘ 

0* 

0* 

4.3*F 

4.7*F 

5.2*F 

(7S) 

(74) 

(74) 

L;*  cf.  G7.  42> 

f,  °C 

Co 

10‘A 

C,  KI  Method 

Lit 

20 

0.046 

1 .  IsA 

IV  II 

90 

1  2s  A 

2.V 

1  3iA 

3.V 

1  3sA 

4A’ 

t  For  most  of  the  radioactive  substances.  r  Vol.  I,  p  364 
J  Hydrolysed  I  i  Saturated  at  1  atm.  |  Probably  too  low 
*  In  KI.  For  A  in  aolution*  of  NH«Br.  NH«I.  NaBr.  Nal  and  KB: 
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I>. —  ( Contin  ued) 


•  °c 

Co 

1  ()•' A 

C,  KI 

Method 

Lit- 

25 

0.05 

1 .2511 

0 . 25Ar 

(40) 

1  25  B 

0.5  N 

1  .  A  8 14 

1  0.V 

1 ,4«R 

2.0  N 

1  ,4sB 

3.  ON 

1 ,4sB 

4 . 5  N 

N>;  Cf.  (43) 

l,  °C 

Co  (reap, 
c*) 

1()5A 

C,  NaCl, 

% 

Lit. 

1!) 

0* 

1 ,9s*E 

20 

(3) 

0* 

1 .  8*E 

30 

0* 

1.8*E 

40 

22 

0* 

2.()2*E 

0 

(74) 

O  ,;  cf.  (43, 

66,  74) 

18.0 

0* 

1 . 98  *  ±  0 . 04 

l 

(18,  19) 

18 

0* 

1 . 7*E 

20 

(3) 

0* 

1 . 6*E 

30 

(3) 

0* 

1.1*? 

40 

(3) 

Rn ;  cf.  (141) 


18  |  0*  1  U*  ±0.07  |  ]  (H2) 


2.  Chemical  Compounds — S-Table 
Standard  Arrangement  ( v .  Vol.  Ill,  p.  viii) 
HCljt  cf.  (4,  34,  35,  36,  52,  59,  68,  1  1  4,  122,  140) 


t,  °c 

c0  (resp. 
c*) 

10SA 

Method 

Lit. 

0 

9 

2.7 

11,  IV 

(115,  116) 

7 

2.4 

4 

2.1 

3 

2.0 

2 

1.8 

0.4 

1.6 

5 

6 

2.4 

II,  IV 

(115,  116) 

1 . 3 

1.9 

0.4 

1.8 

10 

9 

3.3 

II,  IV 

(115,  116) 

6.5 

3 . 0 

2.5 

2.5 

0.8 

2  2 

0.5 

2.1 

13 

4.5 

3.0 

II,  IV 

(115,  116) 

0.8 

2.6(?) 

15 

2.5 

2.9 

II,  IV 

(115,  116) 

12. Of 

1 . 0 

2.27  ±  0.02 

II 

(93) 

0.5 

2.24  ±0.02 

0.25 

2.26  ±0.02 

0.1 

2.29  ±  0.03 

0.05 

2.31  ±  0.03 

0.02 

2.34  ±  0.04 

0.01 

2.38  ±  0.04 

16.  Of 

0.5 

2.44  ±  0.03 

II 

(93) 

0.1 

2.47  ±  0.03 

13 

0.175* 

2.3*E 

(154) 

2.0* 

3.8*E 

19 

3.2* 

4.5*E 

(1S4) 

1.0* 

3.0*E 

0.3* 

2.7*E 

0.2* 

2.7*E 

0.1* 

2.5*E 

H  S  (in  20%  gelatin);  cf.  (43) 


15 _ 0*  _ I  .  4*F _ J _  (66) 

to  «  0.019,  between  12  and  1G°C  (93). 


HjSOi;  Cf.  (34,  35,  38,  52,  59,  140) 


t,  °c 

Co  (resp. 
c*) 

105A 

Method 

Lit 

8 

1 . 0 

1 . 2tD 

II 

(115) 

0.55 

l.CD 

0.24 

1  .  1 7  I) 

0. 16 

1 . 1 3  D 

0.03 

1 . 2r>  D 

13 

8 .  ( > 

1.5oD 

II 

(115) 

0.6 

1 . 4 1 D 

0.3 

1.34D 

10 

1.0 

1 . 2 l  ±0.06 

II 

(4) 

2.0 

1.26  ±  0.06 

18 

10* 

2 . 7*E 

(134) 

5* 

2 . 2*E 

3* 

1.9*E 

1* 

1.6*E 

0.4* 

1 . 5*E 

0.05* 

1 . 5*f 

20.0 

2.0 

1 ,50B 

II 

(103) 

1.5 

1.56B 

1.0 

1 . 58  B 

0.75 

1 . 60B 

0.5 

1.62B 

0.25 

1.63B 

0.1 

1 . 73  B 

N,0;  cf.  (66) 

16  |  0*  |  1.54*E  |  (75) 


NH,;  cf.  (43,  66,  92,  140) 


5 

3 . 5 

1.24C 

II 

(H5) 

0.7 

1.24C 

8 

1.0 

1.3eC 

II 

(4) 

12 

1.0 

1.64B 

II 

(4) 

15 

1.0 

l.7?C 

II 

(X) 

8 

t 

l.OsE 

I 

(75) 

10 

t 

l.UE 

I 

(75) 

15 

t 

1.2eE 

I 

(75) 

HN03;  cf.  (35>  52>  59>  140) 


6 

3 .  o 

1.7sC 

II 

(115) 

1 . 0 

I.82C 

0.84 

1 . 75C 

9 

2.o 

2.04C 

II 

(115) 

1.5 

2.0eC 

0.8 

2.O1C 

0.6 

1.94C 

0.1 

2.0oC 

12 

0.55 

2.2iB 

II 

(4) 

20 . 0 

2.0 

2.49B 

II 

(1°3) 

1.5 

2.47B 

1.0 

2.50B 

0.5 

2. 58  A 

0.25 

2 . 59A 

0.1 

2 . 60A 

0.05 

2.62A 

20 

4  0* 

2. 9*E 

(1S4) 

1.0* 

2.7*E 

0.4* 

2.6*E 

0.1* 

2.4*E 

NHtNOj;  cf.  (52) 

1 5 

0.4 

l.sF  II 

(S9) 

t  Probably  too  low.  £  Satd.  at  1  atm. 


DIFFUSION  IN  LIQUIDS 


6*  > 


NH.Cl;  cf.  (52, 

59,  84,  115,1  40) 

CdSO, 

t,  °c 

Co  (rcsp. 
c*) 

10SA  Method 

Lit. 

(,  CC 

Co  (resp. 

c#) 

10*A 

Method 

Lit. 

Of 

1.0 

0.93  A 

V 

126) 

19.0 

2  0* 

0.28 

*(?) 

1  1  9 

20 1 

30 1 

40 1 

8 

12 

1 .0 

1  0 

1 .64  A 

2.07  A 

V 

V  1  ( 

126) 

126) 

HrC1} 

1 .0 

4.5 

2.3 

2.5oA 

1.3E 

1 .  5E 

V 

III 

III 

126) 

118) 

118) 

10 

13 

18 

0.25 

0  25 

0  25 

0  On 

0.76 

0.92 

II 

II 

II 

1  30) 

1  30 

1  30  , 

18 

5.0 

0.2 

1.7E 
1 . 5C 

IV 

114) 

CuCL 

6 

2.0 

0.5oE 

III 

118 

Diffuses  as  a 

NH  tHSO  1  59 

mixture  of  (NHdjSO*  and  HjS()« 

CuSO»;  cf. 

60,  107,  125) 

(NHO2SO,; 

cf.  (46,  47 

58) 

5 

1  t) 

o  •) 

0.24F 

0 . 2sF 
0.27F 
0.25F 
0.3i  + 

III 

118 

\  t 

ot  1 

20 1  | 

1 5 

1.0 

1.0 

0.5 

0.47B 

0.92B 

0.7sF 

V 

V 

II 

125) 

(125) 

(59) 

8 

14 

1.1 

2  2 

2.5 

0.02 

III 

IV 

118) 

(143) 

H3PO4 

;  Cf.  (52) 

1.2 

0.4 

2.0* 

1.0* 

0.3* 

0.1* 

2.0* 

1.0* 

0.5* 

0.3o  ± 
0.39  ± 
0.2o* 
0.26* 

0 . 3 1  * 
l).4o* 
0.2o* 

0  29* 

0 . 02 

0 . 02 

IV 

(1  43) 

(134) 

20.0 

3.0 

2.0 

1.5 

1.0 

0.5 

0.25 

0.75  ± 
0.76  ± 
0.79  ± 
0.80  ± 
0.85  + 
0.89  ± 

0.03 

0 . 03 

0.03 

0.03 

0.03 

0 . 03 

11 

(103) 

10 

17 

CO. 

;  cf  (43,  66,  147,  148,  1  49,  150) 

0.34* 

’  E  to  F 

10 

15 

20 

18.0 

0* 

0* 

0* 

0* 

1 . 4  6  *  B 

1 . 60  *B 

1.77*B 

1 . 7 1  *  +0.03 

7  4,  75,  1  20, 

(74,  75,  120) 

(74,  75,  120) 

(18,  19) 

20 

0.3* 

0.1* 

0.5* 

0  1* 

0.3s* 

0.45* 

0.38* 

0.5o* 

For  other  C-com  pounds,  v.  p 

69. 

0.01* 

0.58* 

- - - 

Pb(NO,i2 

AgNO, 

12 

0.8 

0.2 

0.7eC 

O.82C 

11 

(115) 

3 

7 

0.1  4 

5 

0.94C 

0.7C 

0.88C 

1 .04C 

II,  IV 
II,  IV 

115, 116) 

(115,  116) 

ZnCl-2 

2 

0.3 

1  5 

0.1 

0.7 

r;s  F 

II  i  (59) 

9 

0.02* 

1  1*E 

(134) 

ZnSO,;  cf.  (46>  47>  59>  84>  118) 

12 

3.9* 

0.6*] 

E 

(134) 

0 

15 

18 

8 

4* 

1* 

4* 

2.75* 

1.25* 

0.75* 

0.l4*F 

0.27*F 

0.24*F 

0 . 2o  * 

0.23* 

0.26* 

(119,  142) 

(119,  142) 

(119,  142) 

12.0 

14.0 

15.0 

0  9* 
0.1* 
0.1 
0.05 
0.17 

1  .U  Cj 

i.15*f: 

1.22  ±  0.04 

1 .3.3  ±  0.04 
1.28  +0.04 

II 

II 

II 

(77) 

(”) 

(77) 

MnClj 

0.375* 

0.3i* 

Is 

0.5 

.  7  2  F 

II 

(59) 

0.  125* 
0.025* 

0.3.3* 

0.42* 

'  E  to  F 

(134) 

MnSO, 

0.005* 

0.44* 

1 5 

1  0.5 

0 

.  35  F 

II 

(59) 

20 

3.0* 

0.55* 

0.05* 

0.3s* 

0  42* 

MmNO,), 

0.54* 

1 5 

|  0.3 

0 

.  7F 

II 

(59) 

ZnlNOili;  cf.  (59) 

FeCl,;  cf.  ( 5 9) 

20 

4.0* 

0  7* 
0.1* 

0.89*E 

0.92*E 

1 .02 *E 

(134) 

15 

0.2 

0.2 

0.2 

0.73 

0.69f 

0 . 6 1  J 

II 

(»4) 

Zn(CHO,)»,  Formate 

FeSO, 

19  0 

I  0.5* 

0  54  *(?) 

(119) 

1  5 

0.5 

0.3bF 

II 

(59) 

Zn(C.'HiOj)>,  Acetate 

Fe(NOi), 

0 

18 

2.0* 

2.0* 

0 . 1 4  *(?) 
0.24*(?) 

(119) 

15 

t  In  0. 

|  0.3 

IN  UCl.  X  Ir 

0  57 

20  %  HC1- 

II 

(>4) 

t  In  0.5  %  »K:»r 
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CoCl2;t  cf.  (H3, 

1  18) 

t,  °c 

1  Co  (resp. 

I  c*) 

10SA 

Method 

Lit. 

0 

0. 1 

0.5 

(140) 

20 

0.1 

1.0 

(140) 

40 

0.1 

1.5 

(140) 

NiCLt 


0 

0 . 10 

0.5 

1  (14°) 

20 

0.10 

1  .0 

(140) 

40 

0.10 

1.7 

(140) 

Ni(N03)2  (113) 


U02(N03)2 


18 

0.4 

0.4 

0 . 07 

0 . 5i  § 

11 

(71) 

HtB03 

20.0 

1  .5 

0.94  ±  0.03 

II 

(103) 

1.0 

0.94  ±  0 . 03 

0.75 

0.95  ±0.03 

0.5 

0.90  ±  0.03 

0.1 

1.0111 

0.05 

i  ion 

MgCl2;||  cf.  (36,  59, 

140) 

0 

1.0 

O.OiA 

V 

(126) 

20 

1.0 

1 . 12A 

V 

(126) 

30 

1.0 

1.42A 

V 

( 1  2  6  ) 

40 

1.0 

1 . 73A 

V 

(126) 

MgS04;  cf.  (46,  47,  59,  1  18,  122) 


oil 

1.0 

O.27B 

V 

(125) 

20|| 

1.0 

0 . 5 1 B 

V 

(125) 

7 

2.2 

0.3sD 

II 

(H») 

1.0 

0.3sD 

0.5 

0.3sD 

10 

3.2 

0.3iD 

II 

(115) 

0.4 

0.39D 

Mg(N03)2 

1 5 

0.5 

0.8F 

II 

(59) 

Ca(OH)2f 

0 

0.2 

0.9 

(!  4°) 

20 

0.2 

1.0 

(140) 

40 

0.2 

2.5 

(140) 

CaCl2;  cf.  (118,  140) 


9 

5 

O.82D 

II 

(ns) 

0.4 

0.74D 

0.3 

O.80D 

oil 

1 .0 

O.GsA 

V 

(126) 

20|| 

1.0 

1 .  lr> A 

V 

(126) 

30|| 

l.C 

1.4sA 

V 

0  26) 

40|| 

1.0 

1 .83  A 

V 

(126) 

Ca(N  03)2 


14 

0.30 

O.81  ±  0.03 

11 

(77) 

0.14 

0.85  ±  0.03 

t  In  2  %  agar,  probably  ca.  10  %  lower  than  in  water. 

I  In  2  ' ;  agar,  probably  ca.  10  %  +  lower  than  in  water. 
$  In  SN  HNOa. 

Y  Probably  too  high. 

II  In  0.5  %  agar. 


Sr(OH)2f 


£  or 
tj  yj 

Co  (resp. 
c*) 

105A 

Method 

Lit. 

0 

0.  l 

0.8 

(140) 

20 

O.i 

1.5 

(140) 

40 

0.  1 

2.3 

(140) 

Ba(OH)2f 

0 

0.08 

0.9 

(140) 

21) 

0 . 08 

1.5 

(140) 

40 

0.08 

2.4 

(140) 

BaCl2 ;  cf.  (86,  140) 

oj 

1.0 

O.OeA 

V 

(126) 

0.1 

0.6sA 

20 1 

1 .0 

l.leA 

V 

(126) 

0.1 

1.22A 

30  J 

1.0 

1.4s  A 

40  i 

1 .0 

I.80A 

8 

2.0 

0.7cD 

II 

(115) 

0.3 

0.7sD 

RaCl2§ 

18 

0* 

0.77* 

(7°) 

LiOH  ;f  cf.  (59) 

0 

0.3 

0.7 

(14°) 

20 

0.3 

1.3 

(140) 

40 

0.3 

2.1 

(!  4 0) 

LiCl  ;H  Cf.  (34,  36,  59,  1  18,  126) 

For  A  in  solutions  of  various  organic  substances,  see  (i°°). 


9.0 

11.0 

13.0 

15.0 

18  0 

20.  OH 

30.  on 

4.2 

2.0 

1.0 

0.5 

0.25 

0.1 

0.05 

0.02 

0.01 

0.55 

0.28 

0.5 

0.05 

1.0 

1.0 

0.84 
0.81 
0.81 
0.80 
0.81 
0.83 
0.85  , 
0.91 
0.93 
0.92 
0.97 
1.00 
1.12 
1.121 
1 . 321 

±0.01- 

0.02 

±0.03 
±0.03 
±0.03 
±  0.03 
±0.02 
±0.02 

5 

1 

II 

II 

(77,  81,  93) 

(77,  81,  93) 

(86) 

(86) 

LiBr 

8 

4.3 

1 . 

OE 

III 

(118) 

2.3 

0. 

9E 

Lil 

10 

1.2 

0. 

92E 

III 

(1 1  8) 

13 

0.9 

0. 

9oE 

Li>S04 

15 

0.6 

0. 

5sF 

II 

(59) 

LiNOa 

1 5 

0.5* 

1 

0  *F 

II 

(59) 

NaOH;**  cf.  (4,  34,  35,  59,  115,  134,  140) 

9 

0.02* 

1.2*F 

(134) 

12 

4.0* 

1. 

I*E 

(134) 

1.0* 

1. 

2*E 

0.1* 

1.3*E 

t  In  2  %  agar,  probably  ca.  10  %  less  than  in  water, 
t  In  0.5  %  agar. 

§  In  O.OIW  HC1. 

K  a  =  0.027  between  9  and  18°C:  '•/.  (®3).  r  In  2  %  agar. 
**  a  =  0.023  between  8  and  15°;  cf.  (9S). 
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KOH  ;t  if.  (34,  35,  59,  115,  1  40) 


6‘C  | 

Co  (resp.  ! 

103A 

Method  ' 

Lit. 

c*) 

! 

10.0 

0 . 45 

1.76  ±  0 . 02 

II 

(92) 

0 . 05 

1.81  ±  0.02 

18.0 

1.8 

2.19  ±  0.02 

11 

(92) 

0.9 

2.15  ±  0.02 

0.45 

2.13  ±  0.03 

0.2 

2.13  ±  0.03 

0.1 

2.15  ±  0.03 

0 . 05 

2.17  ±  0.04 

0.02 

2.19  ±  0.04 

0 . 0 1 

2.20  ±  0.05 

13 

3.0 

2.3C 

II 

(4) 

1  .0 

2.0sC 

0.75 

2.05C 

0.5 

2.0C 

0.375 

2.0C 

13 

4.0* 

2 . 8*E 

(134) 

1.0* 

2. 1*E 

0.1* 

2.0*E 

0.02* 

1.9*E 

KC1  :  cf.  (34,  36,  59, 

63,  67,  86,  111,  118 

122,  126 

,  134,  137,  140) 

For  A 

in  solutions 

of  various  organic 

substances,  see  (10°) 

18.0 

0.05* 

1.55*  ±  0.03 

(24,  25,  26) 

0.1* 

1.52*  ±  0.03 

0.2* 

1.50*  ±  0.03 

0.4* 

1.49*  ±  0.03 

0.6* 

1.53*  ±  0.03 

0.8* 

1.56*  ±  0.03 

1.0* 

1.59*  ±  0.03 

1.5* 

1.66*  ±  0.03 

2.0* 

1.74*  ±  0.03 

2.5* 

1.82*  ±  0.03 

3.0* 

1.92*  ±  0.03 

3.5* 

2.02*  ±  0.03 

4.0* 

2.13*  ±  0.03 

0 

2.7t 

1.05  ±  0.03 

I 

(24,  61,  62) 

13 

2.7J 

1.39  ±  0.03 

I 

(24,  61,  62) 

18 

2.7J 

1.63  +0.03 

I 

(24,  61,  62) 

24 

2.71 

1.77  ±  0.03 

I 

(24,  61,  62) 

0 

1.3* 

0.99  +0.03 

I 

(24) 

15 

1.3* 

1.46  +0.03 

I 

(24) 

18 

1.3* 

1.53  +0.03 

I 

(24) 

24 

1.3* 

1.79  +0.03 

I 

(24) 

18.0 

0.4 

1.46  ±0.03 

I 

(24) 

0.6 

1.48  +0.03 

0.8 

1.49  +0.03 

1.0 

1.51  +0.03 

1 .5 

1.54  +0.03 

2.0 

1.58  +  0.03 

2.5 

1.62  +0.03 

o§ 

1 .0 

0.94  A 

V 

(126) 

20  § 

1.0 

1 .64A 

V 

(126) 

30  § 

1.0 

2.O7A 

V 

(126) 

40§ 

1 .0 

2.5oA 

V 

(126) 

5.0 

3.6 

1 .09  +  0.02 

II 

(93,  95,  102) 

1.01! 

1 . 08  ±  0.02 

0.5r 

1.09  +  0 . 02 

fa  =  0.021  between  18  and  10°C;  cf.  (93). 

J  For  c0  =  2.7:  Ai  =  Ao  (1  +  0.021  +  0.00051=). 

For  c„  =  1.3:  A,  =  Ao(l  +  0.0231  +  0.000471=). 
t  In  0.5  %  agar 

f  10‘A  =  A  |  1  +  0.024211  -  18)  +  0.0001(1  -  18)»),  where 


For  co  — 

0.1 

0.25 

0.5 

1.0 

A  = 

1 . 595 

1 . 549 

1 . 537 

1  536 

KC1. — (Continued) 


t  °c 

Co  (resp. 

105A 

Method 

Lit. 

l  j  v_y 

c*) 

1 

6.0 

1.8 

1.10  +0.02 

II 

(93,  95,  102) 

0 . 25' 

1.14  +0.02 

7.0 

0.1' 

1.18  +0.02 

II 

93,  95,  102) 

0 . 05 

1.20  ±0.03 

9.0 

0 . 02 

1.28  ±  0 . 03 

II 

93,  95,  102 

0.01 

1.30  ±0.03 

14.0 

1.0* 

1.38  ±0.02 

II 

(93,  95,  102) 

0.5* 

1.38  ±0.02 

0 . 25U 

1.39  ±  0.02 

18.0 

1.0*1 

1.54  ±  0.01 

II 

(93,  95,  1  02) 

o.iit 

1.60  ±0.01 

20.0 

1.01! 

1.61  ±  0.02 

II 

(93,  95,  102) 

0.25H 

1.63  ±0.02 

24.0 

l.Olf 

1.78  ±  0.02 

II 

(93,  95,  102) 

0.251! 

1.79  ±0.02 

30.0 

1.01! 

2.00  ±0.02 

II 

(93,  95,  102) 

0 . 511 

2.01  ±  0.02 

0.25H 

2.03  ±  0.02 

20.00 

0.1 

1.676  ±  0.005 

II 

(16,  27,  31) 

KBr 

12 

1.5 

1.4D 

III 

(ns) 

2.2 

1.4D 

2.3 

1.4D 

20 

1.4 

1.6D 

III 

(118) 

3.2 

1.8D 

4.6 

1.8D 

KI;*  cf.  (52,  59) 

8.0 

5.3 

1.37  ±  0.02 

II 

1  (93) 

2.7 

1.27  ±  0.02 

0.9 

1.21  ±0.02 

0.46 

1.22  ±0.02 

0.18 

1.22  ±  0.02 

0.09 

1.23  ±  0.02 

0.045 

1.25  ±  0.04 

0.02 

1.26  ±  0.04 

0.01 

1.29  ±  0.04 

15.0 

0.46 

1.46  ±0.02 

II 

(93) 

0.046 

1.49  ±  0.02 

9 

1.4 

1 .3D 

III 

(U8) 

5.4 

1.6D 

16 

1.1 

1.5D 

III 

(1 1  8) 

1.4 

1.5D 

2.4 

1.6D 

4.0 

1.8D 

6.0 

2.0D 

13.0 

0.09 

1.45  ±  0.05 

II 

(77) 

K.SO.i _ 

j  oTi  0.87F  II  (5^) 


K;SOj  ;  cf.  (4S,  47,  59,  1  18) 


o* 

1.0 

0.47C 

V 

(125) 

20* 

1.0 

0.9iB 

V 

(125): 

9 

0.02* 

0.9*E 

(134) 

20 

0.95* 

0.9*E 

,  134). 

0.25* 

1.0*E 

0.05* 

1 . 1*E 

0.005* 

1.2*E 

t  a  =  0.0235  between  15  and  8°C:  cf.  (93).  ♦  In  0.5  C'Q  agar. 
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KHSO, ;  rsa,  134) 

Diffuses  as  a  mixture  of  K  S<  >■  and  II 


KNOi  ;  cf.  (52,  58,  59,  1  15,  1  18,  134) 


t, 0 

C 

Co  (resp. 
c*) 

10‘A 

Method 

Lit. 

18 

0 

0 

05* 

1 

46* 

± 

0 

02 

j  ;  j  .  _ 

0 

1* 

1 

43* 

± 

0 

02 

0 

2* 

1 

89* 

± 

0 

02 

0 

4* 

1 

34* 

+ 

0 

02 

0 

6* 

1 

30* 

+ 

0 

02 

0 

8* 

1 

27* 

± 

0 

02 

1 

0* 

1 

24* 

-f 

0 

02 

1 

5* 

1 

19* 

± 

0 

02 

2 

0* 

1 

15* 

± 

0 

02 

2 

5* 

1 

17* 

-f 

0 

02 

0 

0 

1 

Of 

0 

87 

± 

0 

03 

I 

(24) 

0 

5t 

0 

89 

± 

0 

03 

I 

(24) 

15 

0 

1 

Of 

1 

26 

+ 

0 

03 

I 

(24) 

16 

0 

0 

5t 

1 

29 

± 

0 

03 

I 

(24) 

18 

0 

0 

05 

1 

49 

± 

0 

02 

I 

(24) 

0 

1 

1 

46 

-f 

0 

02 

0 

2 

1 

43 

-f 

0 

02 

0 

4 

1 

40 

± 

0 

02 

0 

6 

1 

37 

+ 

0 

02 

0 

8 

1 

35 

+ 

0 

02 

1 

0 

1 

33 

± 

0 

02 

2 

6 

1 

25 

+ 

0 

02 

19 

0 

1 

Of 

1 

35 

+ 

0 

03 

I 

(24) 

0 

5t 

1 

42 

± 

0 

03 

24 

0 

1 

Of 

1 

54 

± 

0 

03 

I 

(24) 

25 

0 

0 

5t 

0 

55 

± 

0 

03 

I 

(24) 

K2C03  cf.  (58,  59  , 


5 

10.0 

O.60E 

III 

(118) 

9 

3.0 

0.6sE 

21 

2.9 

0.8E 

KC2H,0,,t  Acetate 


14 

2.0 

1 ,0i 

II 

(77) 

1.0 

1 . 1 3 

K  Fe'CN). 


16 

0.3 

0.94  I  II 

(14) 

0.3 

0.4e§ 

K,Fe  CN 


16 

0.4 

1  .06 

1  " 

0*) 

0.4 

0  34  § 

K;Cr,0 


12.0 

0 

063 

0 

96C 

IV 

(143) 

0 

03 

0 

99C 

18.0 

0 

15 

1 

09C 

IV 

(143) 

0 

C5 

1 

17C 

0 

016 

1 

17C 

0 

007 

1 

24C’ 

t  For  r,  -  1.0:  A  -  0.87(1  +  0.0231  +  0.00032W  X  10  *. 
For  r°  -  0.5:  A  -  0.89(1  +  0.241  +  0.000271’)  X  10‘‘. 


t  Hydroly*f*d. 

§  In  01  AT  KCI. 

RbCl  and  CsCl  91 

Relative  determinations;  at  18°C,  KC  1:  Rb(  1:  <  '<  I  =  1.00. 
1.02:  1.05  (semi-quantitative). 


(T-Table 

C- Arrangement  r.  Vol.  ID.  p.  viii) 


CH,0 

;,  Formic  acid;  rf.  ( 

133,  140 

t,  °C 

co  (resp. 
e •) 

10SA 

Method 

Lit. 

9 

1 .0 

1  ()2C 

11 

(4  , 

15 

0* 

1  04  *E  to  F 

(1  36  , 

CH,N,0 

,  Urea;  cf.  (>3,  37,  ss,  1  os,  lie 

10.0 

1 .0 

0.89B 

II 

(96  1 

0 . 25 

0.96B 

12.0 

0.7 

0.96B 

II 

(77,  78) 

0  5 

0.96B 

0.35 

0.97B 

0.25 

0.97B 

0.15 

0.98B 

0  10 

0.97B 

0.05 

0.99B 

15 

0* 

0.94  *(?) 

(136) 

20.0 

2.0 

1.14B 

II 

(96) 

1 .0 

1 . 14B 

0.25 

1  18B 

CH40,  Methyl  alcohol;  cf.  ,04 

15 

0* 

1.2s*C 

136 

CH,N,03,t  Ammonium  carbonate 

1 5 

0.7 

1.17F 

II  (59) 

C..H,0„  Oxalic  acid;  cf.  (52,  140) 

4 

0.4 

0. 7iD 

II.  IV 

(114,  115) 

8 

0.8 

O.82D 

11.  IV 

(114,  115) 

14 

0.25 

1  O9C 

II,  IV 

(114,  115) 

0. 16 

I.ItC 

0. 1 

1.23C 

10 

1.5 

0.6<E 

II 

(4) 

0.75 

O.83E 

0.15 

0 . 9sE 

15 

0* 

1 . 1  *F 

(136) 

20.0 

2.0 

0.91  ±0.02 

II 

(102) 

1 .5 

0.98  ±  0.02 

1.0 

1 .01  ±0.02 

0.75 

1.06  ±  0.02 

0.50 

1.14  ±0.02 

0.25 

1.26  ±  0.03 

0. 1 

1.41  ±  0.03 

C.H  CliOj,  Chloral  hydrate 

9 

0.4 

0.64 

IV 

(114) 

15 

0* 

0  5s*D 

(136) 

CjH.iN,  Acetonitrile 

15 

0* 

1  2e*C 

(136, 

C:H,N ,,  Dieyanodiamide 


10  0 
20.0 

0.25 

0.40 

0.20 

0.77 

0  99 

1  04 

±  0.03 
±0.04 
±  0.04 

II 

II 

1  1^6) 

96) 

C;H40:,+  Acetic  acid;  cf.  (*•  ,04>  11  4>  llr’’ 

136, 140, 

9 

4.0 

O.69 

2.0 

0.72 

1.0 

0.76 

ICtoD 

II 

(«) 

0  5 

0.7s 

0  25 

0  80 

t  Hydrolyuft 

la-  0  028  brlwr-n  is  and  ll°C  rf  i*4 
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INTERNATIONAL  CRITICAL  TABLES 


C2H  ,02. —  ( Continued ) 


l.  °c 

Co  (resp. 
c*) 

106A 

Method 

Lit. 

12. 5f 

1 

0 

0 

82 

+ 

0 

02 

11 

(9  4  ) 

0 

5 

0 

84 

± 

0 

02 

0 

2 

0 

85 

± 

0 

02 

0 

i 

0 

87 

± 

0 

02 

0 

05 

0 

88 

+ 

0 

02 

0 

02 

0 

89 

± 

0 

03 

0 

01 

0 

91 

4- 

0 

04 

18. Of 

1 

0 

0 

96 

± 

0 

02 

II 

(94) 

0 

1 

1 

03 

± 

0 

02 

17 

0 

93 

0 

92 

± 

0 

03 

II 

(41) 

0 

65 

0 

94 

± 

0 

03 

0 

47 

0 

95 

± 

0 

03 

C4H,N204,  Alloxan;  cf.  (4<>5) 


l  °c 

Co  (resp. 

1 05A 

Method 

Lit, 

c*) 

10.0 

1.0 

0.48  ±  0.02 

II 

(96) 

0.25 

0.49  ±  0.03 

20.0 

1 .0 

0.61  ±  0.03 

II 

(96) 

0.5 

0.64  ±  0.03 

0.25 

0.65+0.03 

0.125 

0.66  ±  0.03 

c4h 

fl04,  Succinic  acid;  ( 

/•  0 1 4) 

20.0 

1.0 

0.70  ±  0.03 

II 

( 1  0  2  ) 

0.75 

0.73+0.03 

0.5 

0.76+0.03 

0.25 

0.79+0.03 

0.1 

0.82+0.04 

C,H6NO,  Acetamide;  cf.  C1 04) 


10.0 

5.0 

0.67  +  0.03 

11 

(96) 

0.5 

0.79+0.03 

20.0 

10.0 

0.79+0.03 

II 

(96) 

5.0 

0.92+0.03 

2.0 

1.00+0.03 

1.0 

1.03+0.03 

0.5 

1.04  ±  0.03 

15 

0* 

0 . 9  o  *C 

(!36) 

C2Hc.O,  Ethyl  alcohol;  cf.  (104) 

10 

3.75* 

0.5o*E 

(134) 

0.75* 

0.7o*E 

0.25* 

0.7s*E 

0.05* 

0 . 83  *E 

15 

0* 

1.0o*C-D 

(136) 

16 

2.0 

0 . 9oD 

II 

(») 

C)H7N02,t  Ammonium  acetate 

1 5 

0.4 

l.iF 

II 

(59) 

C3HcC120,  l,-l'-Dichloropropyl  alcohol 


15  | 

0*  |  0.75*C-D 

I  (136) 

CjHrO,  Allyl  alcohol 

15  | 

0*  |  0 . 9o  *C-D 

I  (136) 

C3Hr,02,  Propionic  acid;  cf.  (140) 

C3H1CIO2,  3-Chloro-l,  2-dihydroxypropane 


15 

0* 

0.7e*C-D 

I  (136) 

C3H7NO2,  Urethane 

15 

0* 

0.8o*C-D 

I  (136) 

C3HsO,  n-Propyl  alcohol 

15 

0* 

0.8t*C-D 

|  (136) 

C3H803,§  Glycerol;  cf.  (68.  101.  104> 

105) 

2 

0 

0 

56 

± 

0 

02 

II 

(96) 

1 

0 

0 

55 

± 

0 

02 

0 

5 

0 

57 

± 

0 

02 

0 

25 

0 

61 

+ 

0 

02 

0 

125 

0 

63 

+ 

0 

02 

2 

0 

0 

75 

± 

0 

03 

II 

(96) 

1 

0 

0 

77 

+ 

0. 

03 

0 

5 

0 

78 

± 

0. 

03 

0 

25 

0 

82 

± 

0. 

03 

0 

125 

0 

83 

± 

0 

03 

0 

0 

72 

*G 

-D 

(1S6) 

t  a  =  0.028  between  18  and  12°C. 
t  Hydrolyzed. 

§  a  «*  0.033,  between  20  and  10°C;  cf.  (96)  For  diffusion  into  solutions  of 
KC1  and  LiCI,  v. 


C4H,,Ofi,  Tartaric  acid;  cf.  (52>  105>  114>  116>  140) 


3 

0.25 

0.4iD 

II 

(US) 

5 

0.2s 

0.43D 

II 

(H5) 

0. 7 

0.43D 

9 

0. 7 

0.52D 

II 

(115) 

15 

0* 

0.6i*C-D 

(156) 

18 

6.0* 

0.34*E 

(134) 

2.45* 

0.5o*E 

0.95* 

0.5?*E 

0.35* 

0 . 62  *E 

0.1* 

0.64*E 

0.0125* 

0  06 *E 

C4Hfi06,  dl-Tartaric  acid 


5 

0 . 7 

0.2 

0.45D 

0.44D 

11 

(115,  116) 

C4Hs02,  n-Butyric  acid  (14°) 

C4H,oO,  n-Butyl  alcohol 

15 

0* 

0.77*C-D 

1  (136) 

C5H5N,  Pyridine 

15 

0* 

0.5s*C-D 

1  (136) 

CsHioCL,  Arabinose 

9.0 

0.5 

0.41  ±  0.02 

II 

(9  4) 

0.25 

0.44  ±  0.02 

0.1 

0.46  ±  0.02 

20.0 

0.5 

0.64  ±  0.03 

II 

(94) 

0.1 

0.69+0.03 

C5Hi20,  Isoamyl  alcohol 

15 

0* 

0.69*C-D 

1  (136) 

C5Hi204,  Pentaerj+hritol 

10.0 

0.4 

0.47  ±  0.02 

II 

(96) 

0.2 

0.49  ±  0.02 

20.0 

0.4 

0.67  ±  0.02 

11 

(96) 

0.2 

0.68  ±  0.02 

Cf,H3N307,  Picric  acid;  cf.  (4S) 

15 

0* 

0.69*C-D 

1  (136) 

Cf,H(iO,  Phenol 

12 

<0.2* 

0.64*(?) 

(136) 

16 

<0.2* 

0.74*(?) 

(136) 

20 

<0.2* 

0.84*(?) 

(136) 

CcHeO™,  Hydroquinol 

15 

0* 

0.6e*C-D 

(136) 

20.0 

0.7 

0.74  ±  0.02 

II 

(96) 

0.5 

0.76  ±  0.02 

0.25 

0.77  +  0.02 

DIFFUSION  IN  LIQUIDS 


i  i 


21 


Cf.EUOi,  Resorcinol 


15 


15  | 


t,  °c 

Co  (resp. 

c* 

10‘A 

Method 

Lit. 

t,  °c 

Co  (resp. 

c*) 

10‘A 

10 

1 .0 

0.51  ±  0.02 

II 

(96) 

10.0 

0.5 

0.29  ±  0.01 

0.25 

0.53  +0.02 

0.25 

0.31  ±  0.02 

20 

2.0 

0.61  ±  0.02 

II 

(96) 

0.1 

0.32  ±  0.02 

1.0 

0.69  ±0.02 

20.0 

0.5 

0.38  ±  0.01 

0.5 

0.72  +0.02 

0.25 

0.41  ±  0.02 

0 . 25 

0.75  ±  0.03 

0. 1 

0.42  ±  0.02 

0.125 

0.76  ±  0.03 

15 

0* 

0 .  38*D 

15 

0* 

0.6s*C-D 

(136) 

CfHfOj,  Pyrogallol 


0 . 5f>*C-D 


I  (13C) 


C.HhOt,  Citric  acid;  cf.  (140) 


5 

0.3 

0.39D 

II 

j  (1 1  4,  US) 

9 

1.1 

0.4sD 

II 

(114,  115) 

C, H:-.N4,  Hexamethylenetetramine 


0.6 


0.6 


II 


(104) 


CcHioOf,  Glucose 


0 . 52  *C-D 


!  (136) 


CsHuOfi,  Mannitol;  cf.  (37>  114) 


Of 

0.3 

0.26  +  0.02 

IV 

(117) 

lot 

0.3 

0.40  ±  0.02 

IV 

(117) 

20  f 

0.3 

0.56  ±0.02 

IV 

(117) 

30  f 

0.3 

0.72  ±  0.03 

IV 

(117) 

40  f 

0.3 

0.90  ±  0.04 

IV 

(117) 

50  f 

0.3 

1.10  ±  0.04 

IV 

(117) 

60  f 

0.3 

1 .32  ±  0.05 

IV 

(1 1  7) 

70  f 

0.3 

1.56  ±0.06 

IV 

(117) 

10.0 

0.5 

0.39  ±  0.02 

II 

(96) 

0.25 

0.40  ±  0.02 

0.125 

0.42  ±  0.02 

20.0 

0.5 

0.53  ±  0.02 

II 

(96) 

0.25 

0.56  ±  0.02 

0.125 

0.58  ±  0.02 

15 

0* 

0.5o*C-D 

(136) 

CtHcOs,  Gallic  acid  Q °5) 


CnH;;Oii,  Maltose;  cf.  10S) 


Method 

II 

II 


Lit. 


(136) 


20.0 


CijH'-'iOujt  Saccharose;  cf.  (4,  i°4-  I05>  >22) 


12. 

0 

2 

0 

0 

25 

1 

5 

0 

28 

1 

0 

0 

30 

0 

5 

0 

325 

0 

25 

0 

34 

0 

1 

0 

35 

0 

075 

0 

355 

14 

0 

1 

0 

0 

33 

0 

5 

0 

35 

0 

25 

0 

36 

20 

0 

2 

0 

0 

32 

1 

0 

0 

38 

0 

5 

0 

41 

0 

.25 

0 

43 

24 

0 

1 

0 

0 

43s 

0 

.25 

0 

49 

29 

0 

1 

.0 

0 

50 

0 

.5 

0 

53 

0 

.25 

0 

55  ] 

15 

0 

* 

0 

38  *D 

18 

2 

.0* 

0 

15*E 

1 

.0* 

0 

2s  *E 

0 

.3* 

0 

36  *E 

0 

.005* 

0 

/ 

* 

K 

±0.01 

to 

0.02 


94,1 


02) 


(136) 

(134) 


C.jHisOt,  Salicin 


0.12 

0.06 


0.46  ±  0.03 
0.49  ±  0.03 


II 


(96) 


CtH,02)  o-Hydroxybenzyl  alcohol 


20.0 

1.0 

0.5 

0.25 

O.60  ±  0.02 
of, 7  fc  0.03 
0.72  ±  0.03 

II 

(96) 

CHh,N,02,  Caffeine 

10.0 

0.05 

0.41  ±  0.03 

II 

(  9  4  ) 

CoHiiNOi,  Ecgonine 

20.0 

1.0 

0.61  ±  0.03 

II 

(96) 

0.5 

0.66  ±  0.03 

0.1 

0.70  ±  0.03 

CmiHuN,.,  Nicotine 

10.0 

1 .0 

0.28  ±  0.02 

II 

(94) 

0.5 

0.37  ±  0.02 

0.1 

0.46  ±  0.02 

20.0 

1 .0 

0.32  ±  0.02 

II 

(94) 

0.5 

0.43  ±0.02 

0.1 

0.53  ±  0.04 

CnH'^On,  Lactose 

10.0 

0.2 

0.32  ±  0.02 

II 

(94) 

0.1 

0.32  ±  0.02 

20.0 

0.2 

0.41  ±  0.02 

II 

(94) 

0.1 

0.43  ±  0.02 

15 

0* 

0 . 38  *  D 

(136) 

t  Interpolated. 


CmHioOs,  Tannin  (los,  122) 


CiHjoOic,  Raffinose;  cf.  (10S) 


0.25 

0.27 

0.125 

0.27 

0.1 

0.28 

±0.01 

II 

(94) 

0 . 075 

0.28 

0.05 

0.28 

0  25 

0  33 

+  0  ()!  to 

0.1 

0.36 

0.02 

II 

(94) 

0.05 

0.36 

0* 

0 .33* 

E 

(136) 

Colloids 


Only  the  order  of  magnitude  has  significance 
Amylum  (Starch) 


20 

5%t 

0.067 

(96) 

2.5%t 

0.072 

1.25%* 

0.08 

5-8  %§ 

0  24(?) 

t  Ai  -  3t.(l  +  0.029(1  -  20)  +  0.0005(1  -  20)»). 
X  Powder-like. 

$  Dough-like. 


INTERNATIONAL  CRITICAL  TABLES 


Colloids. — ( Continued ) 
Inulin 


t,  °c 

c0  (resp. 
c*) 

105A 

Method 

Lit. 

20 

O.Oif?) 

0. 16 

(96) 

Dextrin;  if.  0»5) 

10 

1.0 

0.07  a 

(96) 

0.5 

O.O81 

0 . 25 

0.088 

0.1 

0.09o 

0.075 

0.09o 

20 

1 .0 

O.li 

(96) 

0.5 

0. 12 

0.25 

0. 12 

0.125 

0.1 2 

Gum  arabic;  cf.  (122) 

20 

5  % 

0.2.3 

(96) 

2.5% 

0.24 

For  several  proteins  and  ferments,  v.  (37>  69>  79>  122). 


NON-AQUEOUS  SOLUTIONS 
DIFFUSION  IN  METHYL  ALCOHOL 

A- Table 

I2 


1,  °C 

Co 

| 

106A 

Method 

Lit. 

9 

20 

0.1 

0.1 

1.52A 

I.82A 

II 

(9°) 

LiCl 

14 

0 . 65 

0.75 

0.25 

0.85 

0.15 

0.92 

>  B  to  C 

II 

(81) 

0 . 07 

0.92 

Nal 

14 

0.2 

l.Oo 

0.15 

1.02 

B  to  C 

II 

(8!) 

0.07 

1.03 

NaC2H.302)  Acetate 

14 

0.3 

0.84C 

II 

(81) 

0.2 

0.87C 

0.1 

0.9iC 

KI 

14 

0.25 

111 

0.15 

1  .09 

B  to  C 

II 

(81) 

0.05 

1  .  1 5 

KC2H.302,  Acetate 

14 

0.3 

0.8eC 

II 

(81) 

0.2 

O.85C 

0.1 

0.97C 

(E-Table,  Values  of  105Af 
CCL,  Carbon  tetrachloride:  1.7o*  (136). 

CHBr3,  Bromoform:  1.5?*;  20°,  c0  =  1.0,  105A  =  1.89  ±  0.04; 
co  =  0.5,  106A  =  1.93  ±  0.06  (98). 

CHCI3,  Chloroform:  2.07*  (136). 

CHIS,  Iodoform:  1.3s*  (136). 

CH2ClBr,  Chlorobromomethane :  2.5o*  (,36). 

CH2I2,  Methylene  iodide :  1.6s*  O36). 

CHjOj,  Formic  acid:  1.9-2*  (136). 

CH3NO2,  Nitromethane:  16°,  c0  =  3.3,  106A=  2.5sD  (39). 
CH^NoO,  Urea:  1.24*  (I38). 

t  Unless  otherwise  stated,  the  temperature  is  15°C,  c*  =  ca.  1  %  and  the 
reliability  of  A  is  probably  1),  K  or  F  in  all  determinations  by  Thovert  (*36). 


CjHBrsO,  Bromal :  0.72*  H38). 

C2HBr302,  Tribromoacetic  acid:  1.2.3*  (136). 

C2HCL02,  Trichloroacetic  acid:  1.45*  (136). 

C2H2C1202,  Dichloroacetic  acid :  1.36*  (136). 

ClH.O^,  Oxalic  acid:  1.4 6*  (136). 

C2H -BrOo,  Bromoacetic  acid:  1.3.3*  (136). 

C2H3C10-.>,  Chloroacctic  acid:  1.52*  (136). 

C2H3CI3O2,  Chloral  hydrate:  l.le*  f 1 36 ). 

C 2 H :< N ,  Acetonitrile:  2.64*  (136). 

C2HiBr2,  Ethylene  bromide:  1.95*  f136). 

C2H4C12,  Ethylene  chloride:  2.2 1*  (136). 

C2H4I2,  Ethylene  iodide:  1.56*  (136). 

C2Hj02,  Acetic  acid:  1.54*  (136). 

C2H.Br,  Ethyl  bromide:  2.4o*  f 1 3 6 ) . 

C2H;,I,  Ethyl  iodide:  2.16*  (136). 

C2HsNO,  Acetamide:  1.5o*  (13S). 

C 2H ;,N O 3,  Ethyl  nitrate:  2.2o*  (136). 

C3H;,Br,  3-Bromopropylene  2.22*  (136). 

C3H»Br02,  Bromopropionic  acid:  1.3s*  (136). 

C3II3CI3,  1,  2,  3-Trichloropropane:  1.7e*  (?)  (136). 

C3H5I,  3-Iodopropylene:  1.72*  (136). 

C 3H I O 2,  Iodopropionic  acid:  1.36*  (136). 

C3Hr,Cl20,  1,  l'-Dichlorohydrin:  1.36*  (136). 

C3Hr.O,  Allyl  alcohol:  I.80*  (136). 

C3H60,  Acetone:  19°,  c0  =  3.4,  105A  =  2.5tD  (39). 

C 3H 0 O 2 ,  Propionic  acid:  I.62*  (136). 

CsHeOs,  Lactic  acid:  1.36*  (136). 

C3H7C102,  1-Chlorohydrin:  1.3o*  (136). 

C3H7NO'),  Urethane:  1.4i*  (136). 

C3H802,  Propylene  glycol:  1.24*  (136). 

C3H803,  Glycerol:  1 . 1 5 *  (136). 

C4H5C1302,  Ethyl  trichloroacetate :  1.44*  (136). 

C4Hf,06,  Tartaric  acid:  0.94*  (136). 

C4H7C102,  Ethyl  chloroacetate:  1.77*  (136). 

C4Hs02,  Ethyl  acetate:  2. lo*  (136);  18°,  Co  =  2.3,  105A  =  2  0D 

(39). 

C4H10O,  Ethyl  ether:  2.0o*  (13r). 

C4H10O4S,  Diethyl  sulfate:  1.56*  (136). 

C4Hii;N20.iS,  Ethylamine  sulfate:  0.92*  (136). 

C3H4N4O3,  Uric  acid:  1.79*  (136). 

C5H4O2,  Furfural:  1.7o*  (136). 

C5H3N,  Pyridine:  1.5s*  (136);  15°,  c0  =  0.5,  106A  =  1.64  ± 
0.06,  Co  =  0.2,  106A  =  1.5e  +  0.06  (139). 

C5H10I2,  2,  3-Diiodopentane:  1.57*  (136). 

C »H nI,  Isoamyl  iodide:  1.7e*  (136). 

C5H!20,  Isoamyl  alcohol:  1.34*  (136). 

Cf.Cln,  Hexachlorobenzene :  1 .3 1  *  f136). 

C.HiiCL,  Tetrachlorobenzene :  1.49*  (136). 

Cf,H.?Br3,  Tribromobenzene:  1.4o*  (136). 

C8H3Br30,  2,  4,  6-Tribromophenol:  1 . 1 2  *  (136). 

(LH3CI3O,  2,  4,  6-Trichlorophenol:  1 .2 1  *  (136). 

CrHjN.iOj,  2,  4,  6-Trinitrophenol:  1.3-2*  (,36). 

Ci;H4BrN02,  Bromonitrobenzene:  1.4s*  (136). 

C6H4Br2,  77-Dibromobenzene:  1.55*  (136). 

C,H4C1N02,  Chloronitrobenzene :  1.6s*  (136). 

C,,H4C12,  p-Dichlorobenzene :  I.80*  (136). 

C,H4N20i,  mr- Dinitrobenzene:  1.5e*  (136). 

Cf,H4N205,  2,  4-Dinitrophenol:  1.4o*  (136). 

CoH402)  Quinone:  I.84*  (136). 

CflH.,Br,  Broinobenzene:  1.7s*  (136). 

C,H„BrO,  Bromophenol:  1.34*  (136). 

C.HsCl,  Chlorobenzene:  2.07*  (136). 

Cf.HsClO,  Chlorophenol :  1.32*  (136). 

Cr.Hi.I,  Iodobenzene:  1.6s*  (136). 

C6H5N02,  Nitrobenzene:  I.81*  (136);  16°,  c(,  =  0  s  io*a  = 
1.7D  (39). 


DIFFUSION  IN  LIQUIDS 


i  .1 


C-H  NO,,  Nitrophenol:  1.3s*  n 36). 

C.Hr,,  Benzene:  15°,  for  c»  =  2.0,  1.0  and  0.5,  105A  =  2.12 
±  ().(), s,  2.22  ±  0.08  and  2.2o  ±  0.08,  resp.  (II)  (,29). 

C.H  BrN,  Bromoaniline:  1.4  l*  (136n 
CeH.CIN,  Chloroaniline :  1.37*  (136). 

CJELNjOj,  wi-Nitroaniline:  1.1 1*  (136). 

Cr.Hf.O,  Phenol:  1.4*  f136). 

Cr,Hf.O,,  Hvdroquinol:  1.2s*  (136). 

Cf.H,0„  Pyrogallol:  1.0s*  (136). 

C,H;N,  Aniline:  1.49*  036). 

C,.H„CIN,  Aniline  hydrochloride:  l.lo*  (136). 

ChHuC1202,  Dichloroaeetal:  1.6s*  f136). 

Cf,H13C102,  Chloroacetal:  1.47*  (I36  . 

CtHuOj,  Acetal:  1.96*  039). 

C7H.,C102,  Chlorobenzoic  acid:  1.2o*  (136). 

CjHiNOj,  w-Nitrobenzaldehyde:  1.2 1*  136). 

C7H  NO1,  Nitrobenzoic  acid:  l.lo*  (136). 

C;H,,0,  Benzaldehyde :  1.6e*  (136). 

C7H„0_,  Salicyl  aldehyde:  1.7s*  (136). 

C;Hr,02,  Benzoic  acid:  1.3 1  *  (136). 

C7H„03,  Salicylic  acid:  1 .2 1  *  (136). 

C7Hf,0:.,  Gallic  acid:  0.7e*  (136). 

C7H,0,  Anisole :  1.9s*  (I39). 

C7H.,N,  Benzylamine:  1 .2 1  *  (136). 

C7HmO.,  Isoamyl  acetate:  I.60*  (136). 

C„H„04,  Phthalic  acid:  1.3o*  (136). 

CsHs02,  Phenyl  acetate:  I.62*  (136). 

C*H*02,  Anisaldehyde :  1.5o*  f136). 

C,H803,  Vanillin:  l.Oo*  (136). 

C8H8Oj,  Methyl  salicylate:  1.56*  (136). 

C,H,NO,  Acetanilide:  1.5o*  (136). 

C,H|„N:0,  Acetylphenylhydrazine:  1.04*  (136). 

C»Hi0O,  Xylcnol :  1.33*  U39). 

ChH„,0,  Phenetole:  1.83*  O39). 

C»H7N,  Quinoline:  1.2r,*  (136);  15°,  c0  =  0.5,  105A  =  1.34  ± 
0.06,  Co  =  0.2,  105A  =  1.29  ±  0.06  (129). 

C9H10O2,  Ethyl  benzoate:  16°,  c0  =  0.7;  106A  =  1.4E  (39). 

C<,H  1  iNO,  Acettoluide:  1.0.3*  (I36). 

Cn.HrBro,  Dibromonaphthalene:  1.33*  (136). 

Ci„H,C12,  Dichloronaphthalene :  1.52*  (I36). 

Ci„Hr,NjO<,  Dinitronaphthalene:  1.32*  (136). 

Ci.H.Br,  a-Bromonaphthalene :  1.2s>*  (136). 

C10H7CI,  a-Chloronaphthalene :  1.3s*  (136). 

CioH7N02,  a-Nitronaphthalene:  1.5o*  (,36). 

C,oHs,  Naphthalene:  15°,  Co  =  0.2,  10SA  =  1.6n  ±  0.07  (II) 

(129). 

C„,HkO,  a-Naphthol :  l.lo*  (i3«). 

Ci„Hi20,  Curnaldehyde:  1.5o*  (I36). 

C„,H„0,  Thymol:  1.2o*  (i39). 

ChH|2N»0,  Antipyrine:  1.02*  (136). 

C 1  oH io,  Diphenyl:  15°,  Co  =  0.2,  105A  =  1.56  t  0.07  (II)  (,29i. 
CijHioO],  Salol:  1.29*  (136). 

CuH.r.NO,  Acetvldipheny lamine :  0.9s *  136 
ChH|6N,  Dibcnzv lamine:  O.84*  (I361. 

CigHio,  Triphenylmethane :  15°,  r  =  0.05.  106A  =  0.8s  ±  0.05 
(II)  (129). 

C,9H,9N30,  Pararosaniline :  l.Oo*  (I36). 

C2i,HhO(,  Phenolphthalein:  0.78*  (136). 

DIFFUSION  IN  ETHYL  ALCOHOL 
A-»-Table 

Rn _ _ 

°C  |  r*  1  10‘A  1  Method  Lit. 

18  1  0*  2 . 7*(?)  (U2) 

HC1 ;  for  diffusion  in  dilute  alcohol,  r.  (■*) _ 


I2 


t,  °c 

C0 

(resp.  c* 

10‘A 

Method 

Lit. 

8.0 

1  0 

50 

0 

.84 

11 

(80 

0. 

25 

0, 

,8s 

0. 

10 

0 

.  9o 

18.0 

0. 

25 

1  1 

.  lo 

II 

(80 

co2 

17 

0’ 

t 

3 

.  2*( 

-D 

(120) 

For  other  (’-compounds,  v.  the  (T-Table  infra. 


HgCl2 


10 

0.25 

0.25 

0.25 

0.25 

0.25 

0  25 

0.64 

0.4o  (in  73%  alcohol) 
0.29  (in  44%  alcohol) 
0.3o  (in  27%  alcohol) 

0 . 52  (in  9  %  alcohol ) 

0 . 66  (in  2.5  %  alcohol  I 

130 

AgNO, 

14 

0.1 

0.41  ±  0.02 

II 

(77) 

0.07 

0.41  ±  0.02 

Ca(NOj)2 

14 

0 . 25 

0.32  ±  0.02 

II 

(77) 

LiCl 

14 

0.5 

0.31  ±  0.02 

11 

(77,  81  ) 

0.3 

0.34  ±  0.02 

0.15 

0.42  ±  0.02 

20 

0.43 

0.36  ±  0.02 

II 

(77,  81  t 

NaOH  ;  NaCl ;  for  diffusion  in  dilute  alcohol,  r.  4 

Nal 

7 

|  0.2 

0.35  ±  0.03 

II 

(77,  81  | 

14 

0.2 

0.41  ±  0.03 

II 

(77,  81  1 

1  0.1 

0.44  ±  0.03 

NaC  II  ().,  Acetate 


12 

14 

1  0.12 

0.1 

0.35  ±  0.02 

0.38  ±  0.02 

II 

II 

(77,  81) 
(77,  81) 

CJ„H!,-xBr,0.,Nax,  Eosin 

20 

I  0 . 005 

1  0.3i  ±  0.04 

11 

(97) 

0.0025 

1  0.27  ±  0.02 

KI 


14 

0 . 09-0 . 03 

0.47  ±  0.03 

II 

(77,  81) 

KC  .H.,0..,  Acetate 

14 

0  25 

0.38  ±  0.02 

m) 

0.20 

0.39  ±  0.02 

0.15 

0.43  ±  0.03 

(T-Table  (All  Data  are  by  Method  II  and  from  97  Except 
as  Otherwise  Indicated) 


CHBr Bromoform 

C2HCLO,  Chloral  in  96% 

t,  °C 

Co 

10‘A 

alcohol) 

11 

1 .0 

0.77C 

t,°C  1  Co  HP  A 

0.5 

O.80C 

20  I  2.0  0  57 C 

20 

1  .0 

0.9e(' 

1 .0  0  61 c 

0.5 

0.97C 

C  H  NO,  Acetamide  in 

CHCL,  Chloroform 

96  %  alcohol) 

11 

1.0 

1 . 1 9  ( ?) 

11  5  0  0.3#C 

20 

2.0 

1 . 2r.lt 

2.0  0.4iC 

1.0 

1.2*B 

1.0  0.44C 

CH.N  O.  Urea 

20  5.0  0.52C 

2  0  0  5«C 

12 

0.4 

0.54  ±0  02 t 

|  1.0  1  0  61C 

t  Method  II  (7,y 
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C  3H  ,5  0 , 

Allyl  alcohol 

t,  °C  1  Co 

105  A 

20  14.0 

I  0 . 9 1 C 

2.0 

0.9tC 

|  1.0 

0  9e C 

C3Hs03,  Glycerol  (in  96% 

alcohol) 

2 

0 

0 

26 

1 

0 

0 

32 

0 

5 

0 

36 

4 

0 

0 

27 

2 

0 

0 

35 

1 

0 

0 

4i 

0 

5 

0 

49 

0 

25 

0 

5o  j 

Cf,HsN,  Pyridine 


20 

|  2.0 

j  1.15B 

1.0 

l.DB 

|  0.5 

1  1  1>B 

CiHio04,  Monoacetin 


20 

4.0 

0.3sC 

2.0 

0.4eC 

1.0 

0.5iC 

0.5 

0.52C 

0.25 

0 . 54C 

C.H 

■>0,  Isoamyl  alcohol 

20 

6.0 

O.64C 

4.0 

O.69C 

2.0 

0. 74C 

1.0 

0. 78C 

C„H5I,  Iodobenzene 

20 

1.0 

0.94A-B 

0.5 

0.95A-B 

0.25 

0.9sA-B 

CeHeO,  Phenol! 


10 

0.1* 

0.64*D 

15 

0.1* 

0. 7i  *D 

20 

0.1* 

0 . 80  *D 

C  r,H  60  2. —  ( Contin  ued) 


t,  °C 

Co 

105A 

20 

I  2.0 

I  0.4oC 

|  1.0 

1  0 . 4iC 

C,Hi402,  Acetal 

20 

|  2.0 

1  1 . 13C 

1  1.0 

l.lsC 

C7Hs02,  o-Hvdroxybenzyl 
alcohol 


20 

1.0 

0.52C 

0.5 

0.5eC 

0.25 

0.59C 

CioH7Br,  a-Bromonaphthalene 

(in  96%  alcohol) 

11 

1.0 

0.5 

0.52 

0.59 

B  to  C 

20 

1.0 

0.69 

0.5 

0.7e 

CioHUiO,  Camphor  (in  96% 

alcohol) 

10 

2.0 

0.47C 

1.0 

0.52C 

20 

2.0 

O.62C 

1.0 

0.66C 

0.5 

0.6sC 

C12H11JN2,  Azobenzene  (in  96% 

alcohol) 

10 

0.1 

0.57C 

20 

0.1 

0.74C 

Ci6H  34  0,  Cetyl  alcohol  (in  96% 

alcohol) 

20 

1.0 

0.35C-D 

C  18 

H36  0  2,  Stearic  acid 

20 

0.7 

0.4oC 

0.4 

0.47C 

0.2 

0.5sC 

C22H  20O13,  Carminic  acid  (in 
96  %  alcohol) 


CrHoCL,  Hydroquinol  (in  96% 
alcohol) 


20 

1.0 

0.47C 

0.5 

0.4sC 

0.25 

0.4sC 

Cf,Hc02,  Resorcinol  (in  96% 
alcohol) 


10 

I  2.0 

|  0.3oC 

1.0 

0.3oC 

|  0.25 

|  0.3iC 

t  038);  values  for  c*. 


20 

0 

06 

0.  UE 

0 

03 

0.17E 

C23H26N2O 

4,  Brucine 

20 

0 

125 

0.27C 

0 

062 

0.2sC 

C23H25N3, 

Trimethylrosaniline 

20 

0 

02 

0 . 67  (?) 

0 

01 

0 . 93  (?) 

C34 

h47 

NOn,  Aconitine 

20 

0 

04 

0.27D 

DIFFUSION  IN  BENZENE 

A-^Table 

Rn 


t,  3C 

|co  (resp.  c*)| 

10SA 

Method  |  Lit. 

18 

0* 

2.3e*D 

I  O12) 

Br2 

12 

0. 1 

2.0 

1  (42) 

I2  ;  cf.  (42) 


t,  °c 

|C0  (resp.  c*) 

10SA 

Method 

Lit. 

6 

I  0  25 

1  4eB 

II 

(80) 

0.1 

1  47  B 

20 

0.1 

1.93B 

(80) 

0.05 

1.95B 

9 

0.  1 

I.62B 

II 

(90) 

<L- Table,  Values  of  10sAf 

CHBr3,  Bromoform:  1.62*  036);  18°,  Co  =  1.0,  105A  =  I.62  ± 
0.05  (98). 

CHCL,  Chloroform:  2.1 1*  (136). 

CHI3,  Iodoform:  1.3s*  (136). 

CH>02,  Formic  acid:  2.16*  (136). 

C2H3CIO2,  Chloroacetic  acid:  1.4s*  O3®). 

C>H,Br>,  Ethylene  bromide:  1.97*  (136). 

C2H4CL,  Ethylene  chloride:  2.45*  (136). 

C2H4I2,  Ethylene  iodide:  1.4o*  (136). 

C2H4O2,  Acetic  acid:  1.92*  (136). 

C3H5C13,  1,  2,  3-Trichloropropane:  1.72*  (136). 

C3HsO,  Propyl  alcohol:  I.60*  (136). 

C4H10O,  Ethyl  ether:  2.2i*  (136). 

C0H12O,  Isoamyl  alcohol:  1.4s*  (136). 

C6H3N307,  2,  4,  6-Trinitrophenol:  1.39*  (i 36 )_ 

Cf,H4BrN02,  Bromonitrobenzene:  1.3:3*  (136). 

C6H4Br2,  p-Dibromobenzene :  1.37*  (136). 

C6H4C1N02,  Chloronitrobenzene:  1.7o*  (136). 

C,H4C12,  p- Dichlorobenzene :  1.9o*  (136). 

C6H4N204,  m-Dinitrobenzene :  1.54*  (136). 

CfH402,  Quinone:  1.6s*  (136). 

C6H3Br,  Bromobenzene:  1.8c*  (136). 

C6H3BrO,  Bromophenol:  1.34*  (136). 

CgHsCl,  Chlorobenzene:  2.1s*  (i36). 

C6H6C10,  Chlorophenol:  1.42*  (136). 

CgHgl,  Iodobenzene:  1.5o*  (i36). 

C6H3NO),  Nitrobenzene:  1.84*  (i36). 

C6Hc,BrN,  Bromoaniline:  1.4i*  (136) 

C.HoClN,  Chloroaniline :  1.5g*  (136). 


C6H60,  Phenol f 


t,  °c 

105A 

Lit. 

5 

1.27* 

(136) 

10 

1.39* 

15 

1.54* 

20 

1.68* 

25 

1.84* 

C7H60,  Benzaldehyde:  1.73*  (136). 

C7H,;0>,  Salicylaldehyde:  1.7s*  (136). 

C7H602,  Benzoic  acid:  1.36*  (13  6). 

CsHc,04,  Phthalic  acid:  1.37*  (136). 

CsH503,  Methyl  salicylate:  1.5e*  (136). 

C11.Hr.Br2,  Dibromonaphthalene:  1.25*  (136). 

C inH rCl-j,  Dichloronaphthalene:  1.4o*  (136) 

C inH rN 70 4,  Dinitronaphthalene:  1.23*  (136). 

Cn,H7Br,  a-Bromonaphthalene:  1.3o*  (136). 

C,nH7Cl,  a-Chloronaphthalene :  1.2o*  (136). 

CioH7N02,  a-Nitronaphthalene:  1.39*  (136). 

CioHs,  Naphthalene:  24°,  c  =  1.3,  10SA  =  I.22F  (104). 
C10H12O2,  Thymoquinone:  1.2o*  (136). 

CISHio,  Diphenyl:  26°,  Co  =  0.5,  106A  =  I.I7F  (i°4). 

C,4H|3NO,  Acetyldiphenylamine:  0.9o*  (136). 

CI4H,4,  Dibenzyl:  26°,  Co  =  0.4,  105A  =  l.OoF  (i°4). 

t  Unless  otherwise  stated,  the  temperature  is  15°C,  c*  =  ca.  1  q,  and  all 
values  of  10‘A  have  a  reliability  D,  E  or  F  in  all  determinations  by  Thovert 
(,3S). 
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to 


DIFFUSION  IN  METALS,  v.  also  (88.  89.  1  46)  and  i>.  77 


Solvent 

Solute 

t ,  °C 

Co  (resp. 

c*) 

10‘A 

Lit. 

Bi 

Au 

555 

(?) 

5.2 

(109) 

Hg 

Au 

11 

(?) 

0.8 

(i  °9);  cf.  f88- 

89,  146) 

Cd 

20.0 

0* 

1 .52o*  ±0.015 

(29,  32) 

20.0 

0* 

1.446*±0.0l5t 

(30,  33) 

Pb 

Au 

192 

ca.  3o  % 

3.5 

(109) 

550 

ca.  3o  % 

3.7 

(109) 

pt 

492 

(?) 

1.96 

(109) 

Rh 

550 

(?) 

3.5 

(109) 

Th-B 

340 

0* 

2.5* 

(64) 

Sn 

Ag 

555 

(?) 

4.8 

(109) 

Aii 

555 

(?) 

5.4 

(109) 

Pb 

555 

(?) 

3.7 

(109) 

J  At  1500  atm. 


DIFFUSION  IN  VARIOUS  LIQUIDS,  v.  also  (") 


Rn 


Solvent 

t,  °c 

co  (resp. 
c*) 

10‘A 

Method 

Lit. 

C?Hs,  Toluono 

18 

0* 

2 . 7*D 

1  (>12) 

Bn 


CSi  .  I  16  I  0.1  1  3.6 _ j _ I  (42> 


Ij 


ecu . 

8  1 

0.1 

l.ll 

II 

(90) 

20 

0. 1 

1.3a 

II 

(»0) 

CSi . 

8 

0.25 

2.75 

II 

(42,  80, 

90) 

0. 10 

2.7s 

(»0, 

0.05 

2.79 

(80) 

10 

0.05 

2.87 

II 

(80, 

16 

0.  1 

2.95 

II 

(80, 

20 

0.  1 

3.12 

II 

(80) 

CHCl, . 

10 

0.1 

1.86 

II 

(80,  90) 

0.05 

1.9s 

20 

0.1 

2.1a 

II 

(80,  90) 

CiHtBrt,  1.  1,2,  2-Tetra- 

bromoethanp. . 

11 

0.1 

0 . 13* 

II 

(DO) 

20 

0.1 

0. 18a 

II 

(90) 

CiH,Bn,  Ethylene  bro- 

mide . 

12 

0.1 

0.72 

II 

(90) 

20 

0.1 

0.8s 

II 

(90) 

CiH«Oj,  Acetic  acid 

20 

0.1 

1.0a 

II 

(90) 

C.HsOj,  Ethyl  acetate. 

9 

0.1 

1.87 

II 

(90) 

20 

0. 1 

2.  1  5 

II 

(90) 

CtHioO,  Ethyl  ether 

7 

0.5 

2.65 

II 

(80) 

0.25 

2.7s 

0.1 

2.8* 

C.HtBr,  Bromobcnzene 

9 

0.1 

1.02 

II 

(90) 

20 

0. 1 

1 . 2o 

II 

(90) 

CiHi,  Toluene . 

9 

0. 1 

1.67 

II 

(90) 

20 

0.1 

1.9s 

II 

(90) 

C'?H»0,  Anisole . 

8 

0.1 

0.8s 

II 

(9  o) 

20 

0. 1 

1.1a 

11 

(90> 

CiHuOi,  Isoamyl  acetate. 

9 

0.1 

l.Oi 

II 

(90) 

20 

0.  1 

1 . 2-i 

II 

(90) 

CiHu,  Heptane . 

9 

0.1 

2.3« 

II 

(90) 

20 

0.1 

2.67 

II 

(90) 

C,H  lo,  m-Xylene 

9 

0. 1 

1.4a 

II 

(90) 

|  20 

0.  1 

1.6s 

II 

(90) 

CiHioO,  I’henetole 

8 

0.  1 

|  0.77 

II 

(90) 

1  20 

0  1 

0.9* 

II 

(90> 

CHBr, 

CiHoO.  Acetone* . 

;  20 

1.0 

2.6* 

II 

1  (•*) 

0.5 

2.69 

0.25 

2.7i 

C»H«0,  n-Propyl  alcohol . 

17 

1.0 

0.7i 

II 

|  (*») 

C,H  ioO.  Ethyl  ether. 

17 

1.0 

3. 1* 

II 

I  (•*) 

0.6 

3  2* 

0.25 

3.2i 

CiliiiO,  Isoamyl  alcohol 

17 

1  n 

0  47 

II 

1  («) 

DIFFUSION  IN  VARIOUS  LIQUIDS. — (C onh n ued 


C,H:Br,.  1,  1.  2,  2-Tctrabromocthanc 


Solvent 

°C  , 

co  (resp.  . 

10*A 

Method 

ijt. 

«*)  1 

CjHjCI*.  1.  1,  2.  2-  Tetra- 

chloroethane . 

0.0 

0.06 

0.35] 

10.0 

0.06 

0.46 

15.0 

0.06 

0  50  ±0.01 

u 

(28) 

25.0 

0.06 

0.61  [  to  0 . 02 

35.0 

0.06 

0.73  | 

50.0 

0  06  : 

0.94  J 

CjHhOi,  Glycerol 

CjHnO,  n-Propyl  alcohol 

18 

1.0 

2.3* 

ii 

(»») 

CtHiiO,  Isoamyl  alcohol 

18 

1.0 

O.ll 

ii 

(»•) 

CeHeO,  Phenol 

CSj . 

19 

0* 

3.4* 

1  (136> 

CHCl, . 

10 

0* 

1.6* 

(126) 

C4H10O,  Ethyl  ether . 

19 

0* 

3  6* 

(  1  36 

CsHitO,  Ipoamyl  alcohol 

1  19 

0* 

0.2* 

1  (»3») 

For  diffusion  in  anistropic  liquids,  r.  (128 
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PERMEABILITY  OF  SOLIDS  TO  GASES 

Frank  Porter 


By  the  permeability  of  a  solid  is  meant  the  quantity  A  in  the 
equation  =  —  Kp0  dxdy,  where  dm  is  the  mass  of  gas  which 

passes  in  the  direction  of  z  and  in  time  <1/  through  a  diaphragm  of 
the  solid  of  area  dxdy  and  thickness  Az,  the  difference  in  pressure 
on  the  two  sides  of  the  diaphragm  (excess  on  positive  side)  being 
Ap;  the  —  sign  indicates  that  the  flow  is  in  the  direction  of  decreas¬ 
ing  pressure.  p0  is  the  density  of  the  gas  at  0°C  and  pressure 
-=  An;  d m/po  =  volume  of  dm  at  0°C  and  An.  At  very  low  pres¬ 
sures  K  may  depend  upon  the  pressure  (12).  The  passage  of  a 


gas  through  a  porous  septum  is  approximately  given  by 


dm 
d  t 


=  -K„ 


,-\  7) 

\/p0  -  dxdy  ( 1 1 ) ,  where  K0  is  independent  of  the  nature  of  the  gas. 

A  z 

In  the  table,  l  denotes  that  the  value  given  is  for  water  vapor  when 
one  surface  of  the  diaphragm  is  in  contact  with  liquid  water. 

Unit  of  p  =  1  atm.;  of  6  =  1°C;  of  A  (metals  and  rubber)  = 
10-6  cm’/fatm.-sec);  of  K  (glass)  =  H)-9  cm2/(atm.-sec). 


METALS* 

H-Zn 

H-Cu 

e 

A 

Lit. 

e 

A 

Lit. 

300 

0.4 

0) 

500 

3 . 5 

0) 

He-Pt-Ir 

750 

8 

Scarcely  appreciable  up  to 

H-Fe 

e  = 

1420°  (3) 

200 

0.83 

(13) 

N-Mild  Steel 

300 

5 

600 

0.5 

(13) 

400 

25 

700 

1.6 

500 

100 

800 

5.0 

600 

336 

1000 

11.6 

H-Ni 

O-Ag 

400 

0.95 

0) 

400 

0 . 0032 

(6) 

500 

3.80 

450 

0 . 0097 

600 

8.86 

500 

0.021 

700 

23.8 

550 

0  057 

750 

31.6 

600 

0  146 

H-Pd 

CO- 

Mild  Steel 

200 

400 

(7) 

400 

0.5 

(13) 

300 

1820 

500 

1.6 

400 

3160 

600 

5 

500 

4450 

700 

23 

600 

5750 

800 

67 

H-Pt 

835 

133 

600 

0.77 

(12) 

850,  K  falls  suddenly  almost 

700 

2.0 

to  zero. 

800 

4.3 

900 

10.0 

VULCANIZED  RUBBER) 

1000 

17. 1 

A 

1100 

30.2 

25 

0.088 

(4) 

H 

H-SiO 

2|. — ( Cord'd, ) 

e 

K 

Lit. 

8 

A 

Lit, 

0 

0.12 

(4) 

500 

f  6.2 

(15) 

20 

0  30 

l  28 

(8) 

25 

0.34 

600 

/  11 

(15) 

40 

0.57 

\  50 

(8) 

60 

1.02 

700 

J  17 

(15) 

80 

1.68 

{  80 

(8) 

100 

2.60 

800 

I  35 

(15) 

He 

1  100 

(5) 

0 

0.075 

(4) 

900 

|  55 

(!5) 

20 

0.21 

\  140 

(5) 

25 

0.22 

1000 

128 

(16) 

40 

0.36 

He-SiCLJ 

60 

0.66 

200 

14 

(l  5) 

80 

1.08 

300 

35 

(15) 

100 

1.56 

400 

70 

(15) 

N 

500 

157 

(!5) 

25 

0 . 054 

(4) 

600 

350 

(15) 

O 

1200 

210 

(i4) 

25 

0. 150 

(4) 

N-Si02J 

C02 

600 

0.11 

(5) 

0 

0.30  . 

(4) 

700 

0.50 

20 

0.84 

800 

1.68 

25 

0  98 

900 

4.8 

40 

1.77 

Pyrex 

60 

3 . 88 

H 

80 

4.00 

K  inappreciable  at 

100 

5.30 

0 

=  600° 

C,HSC1 

He 

25 

68 

(4) 

610 

14 

(15) 

CH.,C1 

Jena 

25 

6.3 

(4) 

H 

H-0 

inappreciable  at 

25 

16  0 

(4) 

fi 

=  800° 

25 

35.0  (l) 

Thuringian 

NH 

He 

25 

2.7 

(4) 

100 

0.000081  (10) 

200 

0  009 

Air 

300 

0.064 

25 

0.075 

(4) 

400 

0  340 

500 

1.000 

GLASS 

A- 

SiOt 

Cu  § 

900 

1.4 

(5) 

Ons 

K/ Kb 

Lit. 

H 

-SiO,t 

0 

=  700°C 

1 

1.9 

(5) 

H 

1 

(9) 

300 

1 

7 

(16) 

CO 

0  017 

3.5 

(15) 

C()2 

0  0006 

400 

17 

f8) 

1120 

0  065 

DIFFUSION  IN  SOLIDS 


/  / 


PURE  PARA  RUBBER 


6  =  1 5°C 


Gas 

K/Kh 

Lit.  | 

Gas 

K  Ku 

Lit. 

A 

0.19 

(2) 

CO 

0.16 

(2) 

H 

1 . 00 

C02 

2.5 

He 

0.3 

CjHiOH 

250 

N 

Oil 

HjO 

16.0 

O 

0.35 

Air 

0.17 

*  Values  for  Cu  and  relative  to  H  are  Riven  near  end  of  table. 

t  Relative  values  for  pure  Para  rubber  are  at  end  of  table, 
t  Quartz  fjlass.  For  If,  extreme  values  are  given. 

5  r.  also  beginning  of  table.  II  cf.  vuleanized  rubber. 


LITERATURE 

(For  a  key  to  the  periodicals  see  end  of  volume) 
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>,  6:  2S.1;  IS  (».  Pilling,  143,  186:  373;  Is 
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Williams  and  Ferguson,  1 ,  44;  2100;  22.  (»»)  Wftstncr,  8,  46;  10'Jo;  15. 


DIFFUSION  IN  SOLIDS 


C.  H.  Desch 


A  =  Coefficient  of  diffusion.  For  definition,  see  Vol.  I,  p.  30 


Diffusing  system 

t,  °c 

A,  cmJ/day  | 

Lit. 

f 

197 

76 

X  IO"" 

f  (15);  agrees 

\u  in  Pb . 

150 

43 

x  io-< 

i  well  with 

100 

2  + 

x  io-<j 

l  (10) 

935 

11 

x  io-5 

(16) 

885 

48 

x  io-» 

(16) 

Au  in  Ag . * 

870 

37 

x  io-» 

(5) 

835  1 

21 

X  IO"6 

(16) 

916 

52 

x  10-5 

(2) 

Au  (from  solid  solution)  1 

847  i 

22 

X  10-5 

(2) 

in  Ag . 1 

767 

ii 

X  10-5 

(2) 

Cu  in  Ni . 

1000 

1 1 5 

X  10-7 

(8) 

Ni  in  Cu . 

1000 

55 

X  10-8 

(8) 

Th  in  W . 

2027 

95 

X  10-* 

(4) 

Po  in  Au . 

470 

1 

X  10-» 

(17) 

Ra-B  +  C  in  Ag 

470 

4 

X  10-7 

(17) 

Ila-B  +  C  in  Au . 

470 

8 

X  10-7 

(17) 

Ra-B  +  C  in  Pt . 

470 

3 

X  10-7 

(17) 

Zn  in  Cu  (a) . 

400 

2 

X  10-8 

(8) 

324 

14 

X  10-5 

(7) 

320 

47 

X  10-# 

(7) 

310 

5  7 

X  10-7 

(7) 

Th-B  in  Pb . 

300 

25 

X  10-7 

(7) 

280 

15 

X  10-7 

(7) 

260 

6 

X  10-7 

(7) 

Po  in  Pb . 

310 

13 

X  10-* 

(7) 

Th-B  in  T1 . 

285 

2 

X  IO-5 

(7) 

j 

930 

29 

X  10-3 

(14) 

C  in  7-Fe. . .  . < 

930 

17 

X  10-3 

01) 

DIFFUSION  OF  IONS  IN  CRYSTALLINE  SOLIDS 

Na  in  permutite . 

Ag  in  permutite . 

Na  in  natrolite 
Ag  in  CujS. . .  . . 


20 

112 

X 

10  * 

(12) 

20 

164 

X 

10-5 

(12) 

20 

13 

X 

10'8 

(12) 

1  0 

(2) 

DIFFUSION  OF  OXYGEN  INTO  SILVER  AT  400  630 

43  054 

x  =  — — -p™T™e it 

where  x  =  velocity  of  diffusion  in  cm’/m*  per  hr;  p  =  pressure 
of  oxygen  in  mm,  h  =  thickness  of  silver  foil  in  mm,  and  T  =  abs. 
temp.  (9). 

DIFFUSION  OF  ZINC  IN  BRASS 

The  values  of  the  diffusion  of  zinc  in  a-brass  are  shown  in  F ig.  1 
The  results  may  be  expressed  by  the  equation  A  =  Ac  v 


Discussion 

The  differences  between  the  values  for  the  diffusion  of  gold  in 
silver  obtained  by  Weiss  and  by  Fraenkel  (5>  1 6)  on  the  one  hand 
and  by  Braune  (2)  on  the  other  may  be  attributed  to  the  use  of  an 
alloy  by  the  latter.  It  seems  certain  that  the  coefficient  of  diffu¬ 
sion  in  solids  is  not  a  constant,  but  falls  off  as  the  concentration 
of  the  solid  solution  increases.  This  is  shown  by  I'  ig.  2.  Probably 
a  similar  difference  accounts  for  the  discrepancy  between  the 
results  of  Tammann  and  those  of  Runge  for  the  diffusion  of  carbon 
in  7-iron. 


It  is  possible  that  diffusion  does  not  occur  in  a  single  crystal  of  a 
metal  unless  the  entering  atoms  are  very  different  from  those  of 
the  crystal.  Hevcsy  and  Obrutsheva  (7)  found  no  diffusion  of 
thorium  B  in  a  single  crystal  of  lead,  the  coefficient  at  a  tem¬ 
perature  only  just  below  the  melting  point  being  certainly  less 
than  10~8  cm* /day.  On  the  other  hand,  polonium  diffused  into 
single  crystals  of  lead  and  into  lead  foil  at  about  the  same  rate. 
Geiss  and  van  Liempt  (6)  found  no  diffusion  of  either  carbon  or 
iron  into  single  crystal  wires  of  tungsten,  although  in  the  powdered 
condition  diffusion  occurred  readily.  Andrew*  and  Dudmuin  (») 
determined  the  diffusion  of  carbon  into  tungsten  wire-,  but  did 
not  calculate  a  coefficient  of  diffusion.  They  give  a  "coefficient 
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of  penetration,"  which  is  not  identical  with  it,  and  similar  empirical 
coefficients  are  found  by  Weiss  (,6)  and  by  Bruni  and  Meneghini 
(3)  for  the  systems  Cu-Ni,  Cu-Au,  and  Ag-Au. 

LITERATURE 

(For  a  key  to  the  periodicals  see  end  of  volume) 
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MECHANICAL  EQUIVALENT  OF  HEAT 

T.  H.  Laby  and  E.  O.  Hercus 


Data  based  upon  electrical  measurements  have  been  recalcu¬ 
lated  to  the  basis  of  International  ohm  =  1.00052  X  109  cgsm, 
International  ampere  (defined  by  silver  voltameter)  =  0.999  97  X 
10_1  cgsm,  International  volt  (defined  by  ampere  and  ohm)  = 
1.000  49  X  108  cgsm,  Weston  normal  cell  at  20°C  =  1.0188  X  10s 
cgsm.  Reduction  to  the  20°C,  or  the  mean,  calorie  is  by  Callen- 
dar’s  formula  (3). 

c  -  0.9S536  +  +  O.OOS4  +  0.00!)  Qj)' 

c  =  specific  heat  in  gram-calories,  t  =  °C. 


Value  of  1  G  Calorie 
Unit  =  107  erg,  w  =  weight  assigned 


Observer 

\v 

20°C 

calorie 

Mean 

calorie 

Lit. 

Rowland;  Day* . 

6 

4.1S2f 

(4,  9) 

Reynolds  and  Moorby* . 

2 

4 . 18361 

(7) 

Rispail* . 

i 

4. 1801f 

(8) 

Griffiths  || . 

2 

4.1904** 

(5) 

Schuster  and  Gannon  || . 

i 

1 . 1x98 ft 

(10) 

Callendar  and  Barnes|| . 

3 

4. 1795 jj 

0) 

Jaeger  and  Steinwehr  || . 

3 

4.1821 

(6) 

Bousfield  and  Bousfield  || . 

1 

4.1767 

(2) 

Henning-Sutton§§ .  . 

1 

4. 1865||  || 

(". 

12) 

Observer 

w 

20  °C 
calorie 

Mean 

calorie 

Lit. 

Henning-Joly§§ . 

1 

4.1877 

("> 

12 

4.1818 

4 . 1853 

Osborne  Stimson  and  Fiock  . 

4 . 188  H  U 

I  3) 

Laby  and  Hercus* . 

4.1809 

(14) 

*  Direct  method, 
t  As  given  by  Day. 

t  Corrected  from  1  to  100°  to  0  to  100°. 

||  Electrical  method. 

H  Reduced  from  15  to  20°  by  Callendar’s  formula. 

**  Corrected  to  20°,  for  displaced  air  (10),  and  to  Clark  cell  15°C  =  1.4336 
X  108  cgsm. 

tt  Assumed  presence  of  filter  paper  increased  deposit  by  2  in  10  000. 
tt  Calculated  on  basis  of  King’s  determination  of  their  cells  —  1.4334  Inter¬ 
national  volt  =  1.43410  X  10»  cgsm,  and  Barnes  value:  1.4335. 

§  §  Latent  heat  of  steam. 

Ill  Used  weights  assigned  by  Henning. 

DU  ±0.02  %  according  to  the  authors. 
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THE  HEAT  CAPACITY  OF  GASES  AND  VAPORS 

A.  Leduc 


Contents 
Conversion  factors. 
Abbreviations,  symbols  and 
units. 

Introduction. 

Cp,  C,  and  7  for  the  common 
gases  at  15°  and  at  low  tem¬ 
peratures. 

Values  of  y. 

Values  of  cp. 

Special  tables. 

Saturated  vapors. 

Conversion  Factors 
To  convert  joule  g-1  deg-1  C 
into  g-calu  g-1  deg-1  C  or  into 
BTUe0  lb."1  deg"1  F,  multiply 
by  0.23895. 

For  conversion  into  other 
units,  v.  Vol.  I,  p.  24. 

Abbreviations,  Symbols  and 
Units 

cp  (resp.  c.)  Heat  capacity  per 
gram  at  constant  pressure 
(resp.  at  constant  volume). 

Cp  (resp.  Cv)  Heat  capacity  per 
gram-mole  at  constant  pres¬ 
sure  (resp.  at  constant  vol¬ 
ume). 

cm  (resp.  Cm)  Mean  capacity. 

6  Cp  ~  Ci>. 

y  Cp/Cv  =  Cp/Cv • 

l  'nits:  Throughout  this  sec¬ 
tion,  unless  otherwise  indicated, 
the  unit  of  heat  energy  is  the 
joule,  the  unit  of  mass,  the  gram 
(or  gram-mole)  and  the  unit 
of  temperature,  the  degree 
centigrade. 


M  ATlfcRES 

Facteurs  de  conversion. 
Abr6viations,  symboles  et 
unites. 

Introduction. 

Cp,  C„  et  t  pour  les  gaz  usuels 
&  15°  et  aux  basses  tempera¬ 
tures. 

Valeurs  de  y. 

Valeurs  de  cp. 

Tables  sp4ciales. 

Cas  des  vapeurs  main  tenues  & 
saturation. 

Facteurs  de  conversion 
Pour  convertir  les  C  expri- 
mees  en  joules  g~l  deg-1  C  en 
calu-g  g-1  deg-1  C,  ou  en 
BTUso  lb.-1  deg-1  F  multiplier 
par  0,23895. 

Pour  convertir  en  d’autres 
unites,  v.  Vol.  I,  p.  24. 
AbrIsviations,  stmboles  et 
unites 

Cp  (resp.  c„)  Capacit6  calorifique 
par  gram  me  sous  pression 
constante  et  il  volume  con¬ 
stant  respectivement. 

Cp  (resp.  Cv)  Capacity  calorifique 
par  mol6cule-gramme  sous 
pression  constante  et  il  vol¬ 
ume  constant  respectivement. 
c„  (resp.  Cm)  Capacity  moyenne. 

5  Cp  c„. 

7  Cp/Cp  Cp;  (  ,.. 

Unites:  Dans  cette  section, 
moins  d’indication  contraire, 
Punit6  d’6nergie  calorifique  est 
le  joule,  l’unit6  de  masse  le 
gramme  (ou  la  mol6cule- 
gramme),  et  la  temperature  est 
exprim^e  en  degrds  centigrades. 


INTRODUCTION 

Each  of  the  four  quantities,  cP,  c„,  5  and  y,  is  capable  of  inde¬ 
pendent  experimental  determination  and  it  is  sufficient  to  know 
any  two  in  order  to  calculate  the  other  two,  but  knowledge  of  a 
third  serves  as  a  valuable  check. 

The  most  accurate  determinations  of  y  arc  based  upon  the  meas¬ 
urement  of  the  velocity  of  sound,  V,  and  the  relations: 


V  = 


V/ 


d\ 


—y 


dp 
0  v 


(Laplace) 


and 

Fob.  =  V(l  —  /  A  (Kirchhoff) 

\  2 T\  TcS  J 

where  d  is  the  density  of  the  gas;  v,  the  specific  volume;  Ful„  .  the 
velocity  as  measured  in  a  tube  of  radius  r  5:  2.5  cm;  A.  the  fre¬ 
quency;  and  k,  a  correction  factor  (=  ca.  0.65)  which  depends  in 
an  unknown  manner  upon  the  properties  of  the  gas  (e.g.,  upon  the 
viscosity)  and  upon  the  nature  of  the  tube. 


I N  H  ALTS  V  E  RZE IC  H  N  IS 
Umrechnungsfaktoren. 
Abkurzungen,  Zeichen  und  Ein- 
heiten. 

Einleitung. 

Cp,  Cv  und  7  fiir  die  haufigsten 
Case  bei  15°  und  tiefen 
Temperaturen. 

Werte  von  7. 

Werte  von  cp. 

Besondere  Tafeln. 

Gesiittigte  Diimpfe. 
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Fattori  di  conversione  79 
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comuni  a  15°  e  a  basso 

temperature . 80 

Valori  di  7 . HO 

Valori  di  cp .  81 

Tavole  speciali .  81 

Vapori  saturi .  83 


U.M RF.CII  NO N(iSK AKTOBE  N 

Um  Joule  g_1  Grad-1  C  in 
Gramm-ealis  g_1  Grad-1  C 
umzurechnen  multipliziere  man 
mit  0,23895. 

Fiir  Umrechnungen  zu 
anderen  Einheiten,  siehe  Bd.  I, 
S.  24. 

Abkurzungen,  Zeichen  und 
Einheiten 

Cp  (bezw.  cP)  Warmeinhalt  pro 
Gramm  bei  konstantem 
Druck  (bezw.  bei  konstantem 
Volumen). 

Cp  (bezw.  Cp)  Warmeinhalt 
pro  Gramm-Mol  bei  kon¬ 
stantem  Druck  (bezw.  bei 
konstantem  Volumen). 
c„  (bezw.  Cm)  Mittlerc  Wiirme- 
inhalt. 

5  cp  c%>v 
7  Cp/Cp  =  Cp/Cv 

Einheiten:  Wenn  nichts  be- 
sonderes  angegeben,  so  ist 
durchgehend  in  diesem  Ab- 
schnitt  die  Einheit  dor  Warme- 
energie  in  Joule,  die  Einheit 
der  Masse  in  Gramm  (oder 
Gramm-Mol)  und  die  T  em- 
peratureinheit  in  Centigraden, 
angegeben. 


Fattori  di  conversione 
Per  convert  ire  i  joule  g_1 
gradi-1Cin  g-calu  g_l  gradi-1 
C  oppure  in  BT1  «o  lb.-1 
gradi-1  F  bisogna  moltiplicare 
per  0,23895. 

Per  le  conversioni  in  altre 
unitii,  vetli  Vol.  I,  p.  24. 
Abbreviazioni,  simboli  e 
un  it  A 

Cp  (oppure  c,)  Capacity  calorifica 
per  grammi  sotto  pressione 
costante  (oppure  a  volume 
costante). 

Cp  (oppure  C.)  Capacity  calori¬ 
fica  per  grammimolecola  sotto 
pressione  costante  (oppure 
a  volume  costante). 

Cm  (oppure  Cm)  Calore  specifico 
medio. 

6  Cp  Cv 

y  Cp/Cr  =  Cp/Cv 

Unitd:  In  questo  capitolo,  a 
meno  che  non  sia  altrimenti 
indicato,  l’uniti  di  energia 
calorifica  c1  il  joule,  l’unit&  di 
massa,  il  grammo  (o  la  grammi- 
molecola)  e  l'unitk  di  tempera- 
tura,  il  grado  centigrado. 


The  quantity  5  is  computed  from  the  thermodynamic  relation 

5  =  r(l?'),G'r)p 

In  preparing  the  tables  in  this  section  the  values  of  dp  dT , 
dv/dT  and  dp/ dv  required  in  the  above  equations  were  obtained  by 
one  (or  more)  of  the  following  methods,  preference  being  given  in 
the  order  shown:  (1)  Accurate  values  based  upon  direct  measure¬ 
ment-  (2)  values  deduced  from  an  equation  of  state  known  to  enr- 
rcctly  reproduce  the  observed  p,  v,  T  for  the  gas;  (3)  values  deduce, 
from  a  general  equation  of  state  obtained  by  the  author  Method 
(3)  was  used  in  the  majority  of  cases.  I  or  details,  r.  1 

Owing  to  the  fact  that  the  available  data  give,  in  many  instances, 
opportunities  for  frequent  cross-checks,  it  is  not  al\\a\~  |'""i  '  1,1 

indicate,  except  partially,  the  source  of  all  of  the  experimental 
data  upon  which  the  values  given  below  are  bn-ed.  I  or  a  ,  n-  i  im 
of  the  experimental  data  in  this  field  and  a  discussion  of  the  various 
corrections  required,  r.  t35-5). 


so 
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In  all  of  the  tables  given  below  the  quantity  recorded  is  the  total 
heat  capacity,  that  is,  it  includes,  for  example,  any  “heat  of  disso¬ 
ciation  "  which  may  accompany  the  rise  in  temperature.  (  on- 
scqucntly  a  value  given  cannot  be  taken  as  the  “true”  specific 
heat  of  a  molecular  specie's  unless  it  is  known  that  a  dissociation 
equilibrium  is  not  involved. 


THE  COMMON  GASES  AT  15°C 
p  =  1  atm. 


Gas 

Cp  -  cv 

7 

CP  1 

Gas 

^  p  (  V 

7 

cP 

A 

8.345 

1 . 668 

20.9.3 

NO 

8.353 

1 . 400 

29.25 

Cl2 

8 . 934 

1  35.3 

34 . 1 1 

NHj 

8.822 

1 ,31o 

37.29 

II2 

8.31c 

1.410 

28.5s 

CO 

8.349 

1.404 

29.04 

n2 

8.34s 

1.404 

29.04 

co2 

8.542 

1.304 

36.62 

o2 

8.349 

1.401 

29.17 

CN 

9.08i 

1.256 

44.57 

HC1 

8.609 

1.41 

29.59 

C1I4 

8.387 

1.31 

35.45 

S02 

9.13e 

1.29 

40.64 

c2h2 

8.609 

1.26 

41.72 

H2S 

8.75s 

1  .32 

36.12 

c2h4 

8.609 

1.255 

42.U 

n2o 

8.579 

1  303 

36.9i 

c2h6 

8 . 734 

1.22 

48 . 55 

THE  COMMON  GASES  AT  LOW  TEMPERATURES 

See  also  p.  84 
p  =  1  atm.  (53) 


Gas 

t,  °c 

7 

Cp 

Cv 

Sign  of 

dCp/dt 

A . 

-180 

1.76? 

22.2 

12.6 

- 

h2 . 

-76 

1.453 

26.6 

18.3 

+ 

-181 

1.597 

22.3 

14.0 

+ 

He . 

-180 

1.66o 

20.9 

12.6 

+ 

n2 . 

-181 

1.47 

30.0 

20.4 

— 

02 . 

-76 

1.415 

28.7 

20.3 

— 

-181 

1.45 

30.6 

21.1 

- 

II2S* . 

-45 

1.30 

39.8 

30.7 

— 

—  57 

1.29 

41.7 

32.4 

- 

n2o . 

-30 

1.31 

36.8 

28.1 

+ 

-70 

1.34 

35.0 

26.1 

+ 

NO* . 

-45 

1.39 

30.0 

21.6 

- 

-80 

1.38 

30.7 

22.2 

— 

CO . 

-180 

1.41 

30.3 

20.6 

— 

co2 . 

-75 

1.37 

33.8 

24.7 

+ 

ch4 . 

-80 

1.34 

33.8 

25.2 

+ 

CH4  (37.9) . 

-74 

1.35 

33.4 

24.8 

+ 

-115 

1.41 

30.2 

21.4 

+ 

C2I1, . 

-71 

1.31 

38.2 

29.1 

+ 

C2H4 . 

-91 

1.35 

36.2 

26.8 

+ 

C2Hf . 

-82 

1.28 

43.7 

34.1 

+ 

*  Values  doubtful. 

VALUES  OF  7  =  Cp/cv 

A-Table,  Elementary  Substances  and  Atmospheric  Air 


F  ormula 

Patna. 

t,  °C 

7 

Lit. 

A . 

1 

0-100 

1.67 

(43) 

Br . 

0.3-1. 5 

20-350 

1.32 

(59) 

Cl . 

1 

16 

1.355 

(23,  45) 

0.5 

16 

1.34 

(23) 

H2  (v.  p.  82) . 

1 

17 

1.407 

(2.5) 

1 

-  21 

1.420 

1 

-  78 

1.443 

1 

-118 

1.48o 

1 

-185 

1.605 

Hg . 

0.5-1 

360 

1.67 

(27) 

I . 

1 

185 

1.30 

(58) 

K . 

1 

850 

1.77 

(65) 

1 

680-1000 

1.69 

(51) 

Kr . 

1 

19 

1.68 

(49) 

Na . 

1 

750-920 

1.68 

(51) 

Ne . 

1 

19 

1.64 

(49) 

A-Table. — ( Continued ) 


Formula 

j  7-^atm . 

t,  °C 

1  7 

Lit. 

I> . 

1 

300 

1  1.17 

(56) 

Xe . 

1 

19 

1.66 

(491 

Air  (v.  p.  81) . 

100 

-  79 

2.20 

(26) 

200 

-  79 

3.33 

(26) 

3 

20 

1.41 

(54) 

1 

925 

1.36 

(22,  5« 

1 

17 

1.403 

(2  5) 

1 

-  78 

1.408 

1 

-118 

1.415 

35 -Table, 

Chemical 

Compounds 

Formula 

Patm . 

t,  °C 

y 

Lit. 

HC1 . 

l 

100 

1.40 

(59) 

1 1  Br . 

0.3-1. 5 

20 

1.42 

(59) 

HI . 

1 

20-100 

1.40 

(59) 

I  Cl . 

1 

100 

1.31 

(59) 

0.5 

20 

1.27 

(54) 

2.5 

20 

1.35 

(4,  60- 

H2S . 

1 

18 

1.30 

(60) 

0.5 

18 

1.32 

(60) 

n2o . 

1 

0 

1.32 

(68) 

1 

100 

1.28 

(68) 

NHj . 

1 

15 

1.31 

(54) 

3.5 

15 

1.41 

(54) 

cs2 . 

satd.  vap. 

99.7 

1.63 

(28,  58) 

SiCl4 . 

0.15 

14 

1.13 

(4) 

(T-Table,  C-Compounds 


Formula  | 

Name 

patm .  | 

t ,  °C| 

7  I 

Lit. 

CC14 

Carbon  tetrachloride . 

0.1 

201.13 

(4,62) 

CHCL 

Chloroform . 

0.15 

20  1.15 

(4) 

1 

100  1.15 

(58) 

HCN 

Hydrogen  cyanide . 

1 

651.31 

(63) 

1 

140  1.28 

(63) 

1 

210 

1.24 

(63) 

CH2C12 

Dichloromethane . 

0.2 

18 

1.22 

(4) 

CH3Br 

Methyl  bromide 

0.3-0. 6 

18 

1.27 

(4) 

CH3C1 

Methyl  chloride . 

0.8 

161. 28 

(4) 

CH3I 

Methyl  iodide . 

0.3 

20  1.286 

(4) 

ch4o 

Methyl  alcohol  ( Cp  = 

52.3) . 

1 

77  1.203 

(") 

C2H3Br 

Bromoethylene . 

0.6 

15  1.20 

(4) 

c2h4 

Ethvlene . 

1 

100  1.18 

(68) 

c2h4ci2 

1,  2-Diehloroethanc . 

0.06 

19  1.137 

(4) 

0.2 

23  1. 134 

(4) 

c2h4o 

Acetaldehyde . 

1 

30  1.14 

(68) 

c2h4o2 

Acetic  acid . 

1 

1361.15 

(58) 

C2H3Br 

Ethyl  bromide . 

0.3 

14  1.19 

(4) 

C2H6C1 

Ethyl  chloride . 

0 . 3-0 . 5 

16  1.19 

(4) 

c2h« 

Ethane . 

1 

50  1.21 

(10) 

1 

1004. 19 

(1°) 

c2h6o 

Ethyl  alcohol  ( Cp  = 

78.3) . 

1 

90 

1.13 

(11,  42) 

c2h0o 

Methyl  ether . 

1 

6-30 

1.11 

(39) 

CJLBr 

Allvl  bromide . 

0.1 

15 

1.145 

(4) 

CjHjCl 

Allvl  chloride . 

0.2 

14 

1  .  137 

(4) 

c3h„o2 

Methyl  acetate . 

ca.  1 

ca.  15 

1.14 

(4) 

C3H7Br 

Isopropvl  bromide . 

0.23 

12 

1.13 

’ 

C3II7C1 

n- and  iso-Propyl  chloride 

0.1 

21 

1.13 

(4) 

C3  I  1  8 

Propane . 

0.5 

16 

1.13 

(4) 

c3h8o2 

Methylal . 

1 

13  1.06 

(39) 

1 

40  1 . 09 

(«) 

c4h10 

Isobutane . 

ca.  1 

ca.15  1.11 

(6) 

HEAT  CAPACITY— GASES 


SI 


(C-Tablk.  ( Continued ) 


Formula 

Name 

in . 

1.  '  C  7 

Lit. 

C4II10O 

C«H|* 

Ethyl  ether  (CP 

Cyclohexane. . . 

=  116.3)  1 

1 

.  1 

35  1  .on 

80  1.086 
80  1 .08 

I30) 

(11,  42) 

(7) 

cP 

1  t  7 

Lit. 

O  ' 

O' 

KS  ! 

n-Pentane. .  .  . 

[  123.5 

86  1 . 086 

,11,42) 

Cells 

Benzene . 

1  atm.  |  1  106.3 

90  1.10 

(7,U) 

C.H,4 

n-Hexane . 

131.4 

80  1 .08 

on 

VALUES  OF  rp  AT  t  AND  OF  cp,  MEAN,  BETWEEN  1 1  AND  tt 

Elements  and  Inorganic  Compounds 
Formula  p»tm.  t,  °C  .  cp _ Lit. 


Br . 

1 

83-228 

0 . 23o 

(50) 

1 

19-388 

0.23o 

(59) 

1 

206  377 

0.141 

(59) 

IIC1 . 

1 

10-190 

0.774 

(50) 

HBr . 

1 

11-100 

0.343 

(59) 

IC1 . 

1 

100-203 

0.213 

(59) 

S02 . 

1 

10-190 

0.561 

(50) 

H»S . 

1 

10-190 

1.017 

(61) 

SO2CI2.  . 

1 

19-98 

0.477 

(61.5) 

NjO . 

1 

25-100 

0.887 

(5°; 

1 

25-200 

0.937 

(50,  66) 

11 

30-94 

1.017 

(37) 

31 

30-94 

1.172 

(37) 

NO . 

1 

10-180 

0.971 

(50) 

NOj;  v.  also  (37-5) . 

1 

27-67 

6.78 

(1.5) 

1 

27-100 

6.11 

(1.5) 

1 

27  150 

4.666 

(1.5) 

1 

27-200 

3.56 

(1.5) 

1 

27-300 

2.6s 

(1.5) 

PCI  . . 

1 

110-250 

0.565 

(50) 

1 

160-270 

0.469 

(50) 

CCL . 

1 

0 

0.586 

(38) 

1 

30 

0.552 

(38) 

1 

70 

0.481 

(38) 

CSs . 

1 

80-190 

0.657 

(50) 

0.3 

17 

0.657 

(60) 

SiCl4 . 

1 

90-230 

0.552 

(50) 

TiCl« . 

1 

160-270 

0.540 

(50) 

SnCL . 

1 

149-273 

0.393 

(50) 

Organic  Compounds 


Formula 

Name 

P&tm. 

t,  °C 

<~p 

Lit. 

CHCli 

Chloroform . 

1 

27-1  IS  0.607 

(66) 

1 

120-230  0.657 

(50) 

CH4 

Mothjmo  . 

1 

10-200 

2.482 

(9,  50) 

11 

30-94 

2.62o 

(37) 

31 

30  94 

2. 90s) 

(37) 

CH4O 

Methyl  alcohol . 

1 

100-223  1.917 

(50) 

Cjll  4 

Ethylene . 

1 

15-100  1.67 

(50,  66  ) 

1 

25-200  I.80 

(66) 

11 

30-94 

1.76 

(37) 

31 

30-94 

1.8s 

(37) 

c*h4ci» 

1,  1-Dichlorocthane. 

1 

110-220  0.963 

(50) 

c,H«a, 

Ethylene  chloride.  .  .  . 

1 

111-221  0.9e 

(50) 

CjILOj 

Acetic  acid . 

1 

118-140  6.28 

(1.5) 

1 

140-180 

5 . 3 1 

(1.5) 

1 

180-220 

3.9s 

(1.5) 

1 

220  260 

2.67 

(1.5) 

CiILBr 

1 

28-1 16  0.674 

(66) 

|  - 

1 

80-200  0 . 79s 

(50) 

Organic  Compounds.  —  (Continued 


Formula 

Name 

/*  atm 

t,  °C  cp 

Lit. 

CjILCl 

Ethyl  chloride . 

1 

10-170  1 .  1 5 1 

50  1 

1 

15-100  1.02i 

(20) 

C2I160 

Ethyl  alcohol . 

1 

100-223  1  !M) 

(  50) 

C,H6N 

Ethyl  cyanide . 

1 

114-223  1  78.3 

1  50  1 

C,H,0 

Acetone . 

1 

26-1 10  1  45.* 

(50 

1 

130-230  1 .72» 

,  50 

C4I  I  gOl 

Ethyl  acetate . 

1 

1  10-220  1.67s 

1  50 

1 

35  189  1  55.7 

66  1 

1 

35-113  1 . 4 1 0 

(  66 

O4H  10O 

Ethyl  ether 

1 

35  1  862 

(  30 

1 

27-189  1 .933 

(66 

1 

69-224  2.01 

-  50,  5 5 ] 

1 

200-300  2 . 23 1 

,  55  , 

0 . 28 

16  jl  .92 

(60 

0.28 

350  2.51 

(  60  ) 

C4II.0S 

Diethvl  sulfide . 

1 

120-223  1.67 

(50) 

C5H10 

Amylene . 

ca.  210  2.64 

(14) 

c6h12 

Isopentane . 

1 

58  1.88 

(64) 

1 

1(H)  1.97 

(8) 

C«H, 

Benzene . 

1 

80  1.09 

(30) 

1 

34-115  1.2e 

(66, 

1 

35-180  1 .39 

(66) 

1 

100  1.39 

(7) 

1 

120-220  1.5s 

(50) 

C6H12 

,  Cyclohexane . 

1 

100  1.73 

(7) 

CI0H„ 

1  Terehenthene . 

1 

1180-250  2.12 

(50) 

SPECIAL  TABLES 
Atmospheric  Air 


Effect  of  Temperature 
p  =  1  atm.  (2t  9>  16>  46>  48) 


t,  °c 

Cp  Cv 

y 

cp 

cm,  0  to  / 

0 

0 . 2883 

1.403 

1.004 

1.004 

100 

0 . 2882 

1.401 

1 . 006 

1  .005 

200 

0.2875 

1.398 

1.010 

1.009 

400 

0.287i 

1.393 

1.017 

1.013 

600 

0.287i 

1.385 

1.034 

1  .017 

800 

0.287i 

1.376 

1.055 

1 .025 

1000 

0.287i 

1 .365 

1.076 

1 . 034 

1200 

0.287i 

1.353 

1 .  lOi 

1 .042 

1400 

0 . 287 1 

1.341 

1 . 13o 

1.05o 

1600 

0.287i 

1.329 

I.I60 

1 . 063 

1800 

0.287i 

1.316 

1.193 

1.07e 

2000 

0.287i 

1.303 

1 . 234 

1.08s 

Effect  of  Pressure 
Values  of  cP  above  0°  (52) 


Patm. 

0° 

50° 

100° 

150°  |  200° 

280° 

20 

1.042 

1 .03s 

1.034 

1.034  1  1.03o 

1 .034 

60 

1.118 

1  088 

1.07i 

1.059  1 . 05o 

1  042 

100 

1  .  172 

1 . 13s 

1.08s 

1.088  1.076 

1  .055 

140 

1  . 18o 

1.13s 

1.113  1.092 

1 . 06.3 

180 

1.214 

1.16s 

1.134  1.109 

1.07a 

220 

1 . 239 

1 .  189  1 

1 . 1 5 1  1.122 

1  08 1 

Values  of  cp 

below  0° 

(67) 

Pattn. 

-50° 

100° 

-120°  I 

1  in 

10 

1 . 02i 

1 

.  08o 

1.13s 

70? 

20 

1.05s 

1 

.  184 

1.348  2  67s 

40 

1.147 

1 

,40o 

2.00s  10.9l 

70 

1.30e 

1 

.925 

3.25i 

-78° 

-185° 

Lit 

1 

1  .017 

1.053 

(83) 

82 


INTERNATIONAL  CRITICAL  TABLES 


Atmospheric  Air. — ( Continued ) 
Values  or  y 


0 

O 

-79.4° 

(26) 

(67) 

(26) 

(67) 

25 

1.47 

1.47 

1.57 

1.58 

50 

1.53 

1.53 

1.77 

1.79 

75 

1.59 

1.58 

2.00 

2.06 

100 

1  .65 

1.64 

2.20 

2.30 

125 

1.69 

2.40 

150 

1.74 

2.47  max. 

175 

1.78 

2.41 

200 

1.83 

2.33 

Values  c,.,  Mean,  15-100°  (21) 


d,  g/cm3 . 1  0.01  |  0.03  ||  p  =  1  atm. 

c, . I  0.719  j  0 . 72i  ||  0.717 

H2,  Hydrogen;  cf.  (69)  


t,  °c 

(5,  48,  57) 

Cp 

7 

O 

1  ^ 

1  | 

O 

t,  °K 

(12) 

cv 

0 

28.5s 

1.410 

28.5s 

35 

12.47 

100 

28.92 

1.404 

28.75 

50 

12.6o 

200 

29. 2i 

1.398 

28.92 

65 

12.72 

400 

29.8o 

1.387 

29. 2i 

80 

13.14 

600 

30.3s 

1.377 

29. 5o 

90 

13.64 

800 

30 . 97 

1.367 

29.8o 

100 

14. 3i 

1000 

31.55 

1.35s 

30.09 

110 

15.15 

1200 

32.14 

1.349 

30.3s 

196.5 

18.37 

1400 

32.73 

1 .34 1 

30.68 

273.1 

20.26 

1600 

33. 3i 

1.333 

30.97 

1800 

33 . 9o 

1.32s 

31.26 

2000 

34.4s 

1.318 

31.55 

02,  N2  and  CO 

For  best  values  at  0°,  v.  p.  81;  see  also  Fig.  2. 
values  are  from  Partington  and  Shilling  f47): 


The  following 


t°  C 


C 


Cv 


Cv 


Cm,  0  to  t° 


0 

8.362 

1.402 

29.17 

29.17 

100 

8.332 

1.399 

29. 2i 

29.19 

200 

8.324 

1.396 

29.29 

29.23 

400 

8.324 

1.391 

29.63 

29.34 

600 

8.32o 

1.383 

30.01 

29. 5o 

800 

8.32o 

1.375 

30. 5i 

29.67 

1000 

8.316 

1.365 

31.U 

29.92 

1200 

8.31e 

1.353 

31.85 

30.17 

1400 

8.316 

1.342 

32.64 

30.47 

1600 

8.316 

1.329 

33.56 

30.8o 

1800 

8.316 

1.316 

34.6i 

31.18 

2000 

8.316 

1.303 

35 . 74 

31.55 

=  6.815  +3.17  X  10_4f +  5.3  X  10~8i2  g-calu/mole. 

For  N2  \  ^ 

=  4.82  +  3.3  X  10-*f  +  4.7  X  lO"8!2 

g-calu/mole. 

,  Cp  =  6.98  +  1.88  X  10_4<  +  6.7  X10 
lor  Cv  =  4  98  +  2.1  X  Kr4f  +  5.5  X  10' 


~H-  g-calu/mole. 
"8F  g-calu/mole. 


H.O 


Variation  or  cp  with  Temperature  and  Pressure  (17>  2S) 


,  °c 

1  atm. 

2  atm. 

4  atm.  |  6  atm. 

10  atm. 

14  atm. 

20  atm. 

100 

2.017  I 

120 

1.996 

2.09s 

140 

1.984 

2.046 

160 

1.975 

2.02i 

2.15s  2.356 

180 

1.97i 

2.005 

2.10i  |  2.22e 

2.645 

200 

1.97i 

1.99e 

2.067  2. 15i 

2 . 38i 

2.80s 

250 

1 ,98o 

1.99e 

2.034  2.072 

2.155 

2.264 

2.46i 

300 

1.99e 

2.009 

2.034  1  2.059 

2.109 

2.159 

2.247 

H20. — ( Continued ) 

Variation  or  c„  with  Temperature  and  Pressure. — ( Cont’d ) 


t,  °C 

1  atm. 

2  atm. 

4  atm. 

6  atm. 

10  atm. 

14  atm.!20  atm. 

350 

2.02i 

2.025 

2 . 05i 

2.067 

2.109 

2.147 

2.214 

400 

2.05i 

2.059 

2.076 

2.09.3 

2.122 

2.155 

2.205 

450 

2.084 

2.093 

2.113 

2.118 

2.139 

2.164 

2.20i 

500 

2.122 

2.126 

2.134 

2.143 

2.159 

2.176 

2.20i 

550 

2.156 

2.159 

2.164 

2.16s 

2.180 

2.189 

2.21o 

Variation  or  c„  with  Temperature  eor  p  =  1  Atm.  (1S) 


t,  ° c . 

200  I  400 

600  I  800  1000,  1200 

1400 

cv . 

1.946  extrap.  |l  .98o 

2.055  2.172  2.33s  2.544 

2.796 

‘Best”  Values  eor  p  =  1  atm.  (47) 


t,  °C 

Lp  -  Ct 

7 

C. 

f,  °C 

Cp  -  Cp 

7 

cv 

100 

8.927 

1.324 

27.54 

1000 

8.328 

1.252 

33.06 

200 

8.550 

1.31o 

27.5s 

1200 

8.324 

1.229 

36. 4i 

300 

8.424 

1.304 

27.6e 

1400 

8.320 

1.206 

40.47 

400 

8.378 

1.30i 

27.83 

1600 

8.320 

I.I82 

45.32 

500 

8.357 

1.296 

28. 2i 

1800 

8.320 

1.163 

42.5e 

600 

8.345 

1.29o 

28. 80 

2000 

8.320 

1.15s 

54. 2o 

700 

8.337 

1.282 

29.55 

2200 

8.320 

1.148 

56.29 

800 

900 

8.332 

8.328 

1.27s 

1.263 

30.5s 

31.6s 

2300 

8.320 

1.146 

56.79 

t  2 


- 1 - 

2 

■ 

\.S 

Fig-2 

Air 

J/ 

t  7 

LV  / 

&/ 

os  /  / 

' 

— ~  — - 

— 0* 

Fig.  I 
H  20 


20  40  60 

atm- 


ct- 


1 500* 


1500 


2000 


Mean  C„  between  100  and  t°  (40) 


Cp,  100-r 


1000  1250 
28.9e  30.13 

1500  1  1750 
31.39  33.06 

2000  !  2250 
35. 24  37. 62 

2500  j 
40. Oo 

cp  eor  Slightly  Under-Saturated  Vapor*  (17) 

t,°  C .  99.1  1 1 19 . 6  142.9  169 . 6  187 . 1  200 . 5:211 .4 

p,  kg/cm2 . 1  1  J  2  I  4  8  12  16  |  20 

Cp . |2. 0l7l2.08s  2.23i  2.51i  2,817  3.135  3.49o 

*  These  values  are  not  in  agreement  with  those  calculated  thermodynamically 
from  the  temperature  coefficient  of  the  latent  heat. 

“Best”  Values  tor  the  Saturated  Vapor 


t,  °C 

Cp 

Cp 

7 

100 

1.816 

1.318 

1.373* 

120 

1 . 87 1 

1.356 

1.378 

140 

1 . 97 1 

1.422 

1.380 

■  This  is  consistent  with  Neyreneuf’e  value  of  the  velocity  of  sound  C42). 


p,  atm. 

t,  °C 

100 

120 

140 

150 

160 

1 

Cp 

1.816 

I  1.833 

1 . 87  5 

1.93 

2.005 

7 

1.365 

1.346 

1 . 333 

1  314 
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H20. — ( Continued ' 

“Best”  Values  for  the  Superheated  Vapor. — ( Coat'd 


p,  atm. 

l.  °C 

100 

120  j 

140 

150 

160 

2 

Cp 

1 ,87i 

1.91s 

1 .959 

2.026 

7 

1.37* 

1.36 

1.344 

1 ,32o 

3 

Cp 

1.959 

7 

1.37 

1 .356 

1.34 

4 

CP 

2.026 

2 . 07o 

7 

«  At  130° 

1.37 

1  .35 

NH3 

Variation  of  cp  with  Temperature  and  Pressure  (44) 


Patm. 

t,  °C 

0 

1 

2 

4 

8 

12 

16 

20 

Satd. 

2 . 34o 

2.483 

2.70i 

3 . 03  0 

3.30o  3.56i 

3.84s 

-30 

2.02o 

2.306 

-10 

2.04.3 

2.195 

2.38e 

0 

2 . 057 

2.173 

2.3U 

2.657 

+  20 

2.085 

2.159 

2.244 

2.44e 

2.98s 

40 

2.116 

2 . 167 

2.252 

2.35o 

2. 665  >3.073 

60 

2.149 

2.186 

2.22e 

2.313 

2.515  2.759 

3.05s 

3.44s 

80 

2. 184 

2. 212 

2.242 

2.305 

2. 44512. 60s 

2.789 

3.00s 

100 

2 . 22o 

2.2U 

2 . 265 

2.312 

2.41s 

2.52s 

2.652 

2.792 

120 

2.256 

2.274 

2.293 

2.33o 

2.409 

2.492 

2.582 

2.679 

150 

2.294 

2.327 

2.34o 

2.36s 

2.422 

2.48i 

2. 54o  2.60.3 

Values  of  cp  at  High  Temperatures 
Mean  of  (i 3  and  41 )  ±10% 

t 

309° 

422° 

523° 

cP... 

. I  41.4 

43.9 

47.0s 

Cp.  .  . 

.  2.4s 

2.59 

2.76 

Nernst  (41)  gives  C p  =  8.62  +  0.002t  +  7.2  X  10  9f2,  g-cali5/ 
mole.  Range  0  to  680°. 


For  very  high  temperatures  Budde  (3)  gives  the  equation  Cp 
=  11.8  +  0.024  X  (t  —  1400),  g-calu/mole.  This  gives  11.8  at 
1400°  and  21.4  at  2200°. _ 

_ CO,  v.  p.  86 _ 

C02 

Effect  of  Temperature  at  p  =  1  Atm.  (2>  11  >  15>  48) 

Cv  =  6.63  +  5.54  X  10“3e  -  2.47  X  10 +  4.7  X  10 g- 

calu/molc  (53) 


t,  °C 

Cp  -  cv 

7 

Cp 

Cm,  0 -l 

0 

8.600 

1.310 

36.33 

36.33 

100 

8.429 

1.281 

38.38 

37.37 

200 

8.374 

1.263 

40.18 

38.25 

300 

8.349 

1.247 

42.18 

39.09 

400 

8.337 

1 .235 

43.82 

39.92 

500 

8.328 

1.225 

45 . 24 

40.76 

6(H) 

8.324 

1.217 

46 . 60 

41.43 

700 

8.324 

1 .210 

47.86 

42.27 

800 

8.320 

1 .204 

49.01 

42.98 

900 

8.320 

1 .200 

50.01 

43.69 

1000 

8.320 

1.195 

50 . 89 

44.24 

1100 

8.320 

1.192 

51.68 

44.78 

1200 

8.314 

1.189 

52.40 

45.24 

1300 

8.314 

1.186 

53.02 

45.73 

1400 

8.314 

1 . 184 

53.61 

46.24 

1500 

8.314 

1.181 

54.20 

46 . 75 

1600 

8.314 

1.179 

54.74 

47.21 

1700 

8.314 

1.177 

55.28 

47 . 75 

1800 

8.314 

1.175 

55.83 

48.25 

1900 

8.314 

1.173 

56.33 

48.76 

2000 

8.314 

1.171 

56 . 92 

49.26 

Between  -75  and  +20°,  Cp  =  8.71  +  66  X  10“4<  -  22  X 
l0_7f2  g-cal  /mole  (1S). 


CO:. — ( Continued  i 

Variation  of  c„  with  Pressure,  >0-  .™<0  i37-2) 

dp  a  l 

For  data  near  the  critical  point,  c.  (*) 


Palm. 

13.2° 

38° 

67.6° 

98.1° 

114  9° 

24.25 

1 .205 

1 . 03o 

54.1 

3.06 

1 .364 

1 . 15 1 

61.7 

3.72 

1 . 83s 

1 . 35a 

1.327 

1.31o 

68.2 

4.70 

2.369 

75.8 

6.16 

3.059 

2.02c 

1 .93 

1  61 1 

85.4 

8.83 

4.164 

2 . 49s 

2.22e 

86.9 

2 . 69 1 

Patra  (19)  1 

-10° 

0° 

+  10° 

20° 

30° 

20.5 

1.20i 

1.159 

1  1 1 7 

1  07i 

1 ,03o 

27.3 

1 ,38i 

1 . 289 

1  .  193 

1 ,05s 

Variation  of  c,  with  t  and  d  (21) 


d  =  0.124  g/cm3  I  d  =  0 . 18  g/cm* 

l,  °C . I  10  50  100  ,  50  1(M) 

c,  .  Q.933  0.824  0.795  0.866  0.862 

d,  g/cm3 .  0.0387  0.077  0.118  0.144 

Cm,  12-100° . I _ 0.7173  0 . 770o  O.8II9  0.8457 


Cv  =  0.165  +  0.02125d  +  0.340d2,  g-cal  »/g. 

CH,.  Methane  (9) 


t,  °C 

Cp  -  Cv 

7 

Cp 

Cm,  0-< 

0 

8.403 

1 .307 

35.78 

35.78 

100 

8.353 

1.232 

44.36 

40.05 

200 

8.337 

1.188 

52.61 

44.36 

300 

8.328 

1.160 

60.47 

48.42 

400 

8.324 

1.139 

68.01 

52.40 

500 

8.324 

1.125 

75.12 

56 . 25 

600 

8.320 

1.113 

81.90 

59 . 97 

CH3CI  and  CjHiCl  (2°.  56) 
Variation  of  cv  with  l  and  p 


'  ^  Palm*  1 

C2H5C1 

7-^atm. 

t 

CI1 

n 

0.137 

1.37 

2.74 

0.68 

2.72 

5.46  8.2 

-30 

0.88 

-30 

0.84 

0 

0.92 

0 

0.88 

+40 

1 .00 

1.02 

1.03 

+  30 

0.90 

0.93 

0.96  1.01 

80 

1.06 

1.09 

1.13 

70 

0.95 

0  96 

1.00  1  .04 

110 

1.13 

1.17 

110 

0.97 

1 . 00 

1 . 03  1 . 07 

SATURATED  VAPORS 

Values  of  c„  the  heat  required  to  heat  the  vapor  through  1°C 
and  maintain  it  in  the  saturated  condition,  joule  per  g  deg  V. 


H,0 

(CMU+O 

O  J"4- 

•  O 

:  0 

58  j  93 
-5.9  -5.0 

148 

-0.33  | 

0 

0.485 

120 

0.557 

C«H«,  Benze 

ne 

H, _ 

t,  °c . 

C, . 

0  120 

-7.34  0 

210 

0.48 

-257.24 
-23.2  | 

-252.7 

-15.8 
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THERMODYNAMIC  QUANTITIES  :  VALUES  OF  THE  HEAT  CAPACITY,  ENTROPY,  HEAT 
CONTENT  AND  “THERMODYNAMIC  POTENTIAL”  FOR  PURE  SUBSTANCES 

BETWEEN  0  AND  298°K 

W.  H.  Rodebush  and  Esther  Rodebush 


Contents 

Heat  capacity  of  elementary 
substances. 

Entropy,  heat  content  and 
“  thermodynamic  potential  ” 
for  pure  substances  between 
0  and  298°K. 

Introduction 

Unless  otherwise  indicated, 
the  values  given  in  this  section 
apply  in  all  cases  to  the  form 
which  is  stable  under  1  atm. 
pressure  at  the  temperature  in 
question. 

In  all  cases,  the  mass  unit  is 
the  gram-formula-weight,  the 
energy  unit  is  the  joule,  and  the 
temperature  unit  is  °K.  The 
pressure  is  1  atmosphere. 

In  all  cases,  the  value  of  each 
of  the  quantities  tabulated  is 
assumed  to  be  0  at  0°K. 

The  number  of  units  uncer¬ 
tain  in  a  given  place  of  signifi¬ 
cant  figures  is  indicated  by  the 
number  of  bars  over  the  figure 
in  that  place,  one  bar  indi¬ 
cating  ±  1  to  3  units,  two  bars, 
±  >3  units. 


CP  Heat  capacity  per  gram- 
formula-weight. 

S  Entropy. 

H  Heat  content.  Computed 
from  heats  of  formation 
in  the  case  of  compounds. 


Matures 

Capacity  calorifique  des  sub¬ 
stances  61Gnentaires. 

Entropie,  chaleur  totale  et 
“potentiel  thermodynami- 
que”  pour  les  substances 
pures  entre  0  et  298°K. 

Introduction 

A  moins  d’une  autre  indica¬ 
tion,  les  valeurs  donnees  dans 
cette  section  se  rapportent  dans 
tous  les  cas  A  la  forme  qui  est 
stable  sous  une  pression  d’une 
atmosphere  a  la  temperature  en 
question.  Dans  tous  les  cas, 
l’unite  de  masse  est  le  poids 
moleculaire,  l’unite  d’energie 
est  le  joule,  et  l’unite  de  tem¬ 
perature  est  le  degre  K.  La 
pression  est  1  atmosphere. 

Dans  tous  les  cas,  la  valeur 
concernant  chaque  quantitd 
mentionnee  est  supposee  etre 
0  a  0°K. 

Le  nombre  d’unites  ineer- 
taines  a  une  place  donnee  des 
chiffres  significatifs  est  indique 
par  le  nombre  de  barres  se 
trouvant  sur  le  chiffre  a  cette 
place,  une  barre  indiquant  +  1 
A  3  unit6s,  deux  barres,  ±  >  3 
unites. 

Cp  Capacit6  calorifique  par 
molecule  gramme. 

S  Entropie. 

II  Chaleur  totale.  Calcul6e 
il  partir  des  chaleurs  de 
formation  dans  le  cas  des 
composes 


Inhaltsverzeichnis 
Warmekapazitat  elementarer 
Stoffe. 

Entropie,  Warmeinhalt  und 
“  thermodynamisches  Poten¬ 
tial”  fur  reine  Stoffe  zwischen 
0  und  298°K. 

Einleitung 

Wenn  nichts  anderes  ange- 
geben,  so  beziehen  sich  die 
gegebenen  Werte  dieses  Ab- 
schnittes  in  alien  Fallen  auf  die 
bei  1  Atm.  und  der  fraglichen 
Temperatur,  stabile  Form. 

In  alien  Fallen  ist  die  Men- 
geneinheit  das  Grammformel- 
gewicht,  die  Einheit  der  Energie 
ist  Joule  und  die  fur  die  Tem¬ 
peratur  ist  °K.  Der  Druck  ist 
1  Atmosphare. 

In  alien  Fallen  wird  angenom- 
men,  dass  jede  Grosse,  welche  in 
der  Tabelle  angegeben  ist,  bei 
0°K  selbst  Null  ist. 

Die  Zahl  der  Einheiten  die 
an  einer  gegebenen  Stelle  einer 
gewerteten  Zahl  unsicher  sind, 
werden  (lurch  die  Anzahl  von 
Strichen  fiber  der  Zahl  an 
dieser  Stelle  angezeigt.  Ein 
Strieh  hedeutet  +  1  bis  3  Ein¬ 
heiten,  zwei  Striche  ±  mehr 
wie  3  Einheiten. 

Cp  Warmekapazitat  pro 
Grammformelgewicht. 

N  Entropie. 

II  Warmeinhalt.  Berechnet 
aus  der  Bildungswiirme 
im  Falle  einer  Verbin- 
dutig. 


Indice  pAOE 

Calore  specifico  degli  de¬ 
menti  .  85 

Entropia,  capacity  termica 
e  “potenziale  termodina- 
mico”  di  corpi  puri  fra 

0  e  298°K .  87 

Introduzione 

I  valori  riportati  in  questo 
capitolo  si  riferiscono  (a  meno 
che  non  sia  altrimenti  indicate) 
alia  forma  stabile  a  pressione 
atmosf erica  e  alia  temperature 
in  quest  ione. 

In  tutti  i  casi  l’unite  di 
massa  e  la  grammimolecola, 
l’unite  di  energia  il  joule  e 
l’unite  di  temperature  il  °K. 
La  pressione  e  1  atmosfera. 

Iii  tutti  i  casi  il  valore  delle 
quantita  riportate  nella  tabella 
e  supposto  essere  0  a  0°K. 

Le  unite  di  cui  6  incerto  un 
determinate  numero  significa¬ 
tive,  sono  indicate  dal  numero 
di  linee  stampate  sopra  la  cifra 
stessa.  Una  linea  indica  ±  da 
1  a  3  unite,  due  linee  ±  >  3 
unite. 


Cp  Calore  specifico  per  un  peso 
in  grammi  corrispondente 
alia  formula. 

S  Entropia. 

II  Capacity  termica.  Com- 
putata,  nel  caso  di  com- 
posti,  dai  calori  di  forina- 


zione. 


HEAT  CAPACITY  LOW  TEMPERATURES 


HEAT  CAPACITY  OF  ELEMENTARY  SUBSTANCES 
BETWEEN  0  AND  300  K 


Dewar’s  Values  oe  Mean  Atomic  Heat  Capacity  between 
77.4  and  20.35°K  (3) 

Joules  per  gram-atom  per  °C 


As, 

7.57 

Cl, 

13.40 

Mn, 

4.94 

Rh, 

5.4 

Au, 

12.4 

Co, 

4 . 77 

Mo, 

5.37 

Ru, 

4  35 

B, 

0.94 

Cr, 

2.76 

Ni, 

4.77 

Se, 

11  .  19 

Ba, 

18.8 

Cs, 

26.7 

Os, 

5.82 

Sr, 

18.84 

Bo, 

0.49 

“Di,” 

18.14 

Pd, 

7.95 

Te, 

14.4 

Bi, 

17.75 

Ir, 

7.53 

P(r), 

5.23 

Th, 

17.95 

Br, 

14.15 

La, 

18.0 

P(y), 

9.37 

Ti, 

3.84 

Ce, 

18. 18 

Li, 

5.27 

Pt, 

10.3 

u, 

12.9 

Rh, 

23.65 

Z  r, 

9 . 33 

A-Table. — Elementary  Substances 
Molecular  heat  capacity,  joules  per  gram-formula-weight  per  °C 


Argon 


T,  °K 

CP 

Solid  (6) 

15 

6 . 3 

21 

14.7 

30 

18.8 

36 

22.8 

45 

24.7 

60 

27 . 6 

75 

31.4 

Liquid  (6) 

84  to  88 

44.0 

Gas 

12) 

90 

22.2 

100 

22.2 

150 

22.0 

200 

21.7 

250 

21 .4 

300 

21 .1 

Ag  (9,  19,  20) 

20 

1.7 

30 

4.35 

40 

8.05 

50 

11  T 

60 

13.9 

70 

15.9 

80 

17.6 

90 

19  0 

100 

20.05 

150 

23. Is 

200 

24.25 

250 

24.95 

300 

25 .35 

A1  (9,  20,  21) 

20 

0.3 

30 

1  .1 

40 

2 .2 

50 

3  9o 

60 

5  85 

70 

7.7s 

80 

9.45 

90 

11.2 

100 

12.9 

150 

18.5 

200 

21 .55 

250 

23.2 

300 

24  5 

C,  Graphite  (19) 


T,  “K 

c„ 

20 

0.1 

30 

0.25 

40 

0.4 

50 

0.6 

60 

0.75 

70 

1 .0 

80 

1  .15 

90 

1  4o 

100 

1  6 

150 

3.2 

200 

5.0 

250 

6.85 

300 

8.6 

C,  Diamond  (20) 

90 

0.04 

100 

.25 

125 

.8 

150 

1  .4 

175 

2.0 

200 

2.5 

250 

4.2 

300 

6.25 

Ca  (“» 

10) 

10 

0.75 

20 

2.1 

ao 

4.0 

40 

7  15 

50 

10.25 

60 

13.1 

70 

15.5 

80 

17 . 8 

90 

19.1 

100 

20.4 

150 

24  o 

200 

25  35 

250 

25.65 

300 

25 . 9 

Cd  (9 

,  25) 

20 

3.2 

30 

6.9 

40 

11.2 

50 

15.0 

60 

17.5 

70 

19.3s 

80 

30  65 

90 

21  6 

Cd. — ( Cont'd ) 


r,  °k 

c„ 

100 

22.25 

150 

24.2 

200 

25.15 

250 

25  ( 5 

300 

26.2 

Cl-.,  Solid  (7) 

22 

10.  o 

30 

17 . 6 

35 

2l  .  8 

40 

26.4 

45 

29 . 7 

52 

32.7 

80 

39  8 

90 

41  5 

100 

43.1 

110 

44  7 

150 

53  6 

155 

54.8 

Cl2,  Liquid  (7) 

188  to  197 

68 .  o 

Co,  v. 

p.  93 

Cu  (9,  14,  20) 

20 

0.4 

30 

1  .7 

40 

3.4 

50 

5  8e 

60 

8.1 

70 

10.4 

80 

12.5 

90 

14.6 

100 

16  3 

150 

21  .0 

200 

22.7 

250 

23.7 

300 

24  6 

Fe  (9) 

30 

0.6 

40 

2.2 

50 

4  Is 

60 

6.1 

70 

7  8 

80 

9.55 

90 

11.2 

100 

12  9 

150 

18.8 

Fe. —  ( Cont'd ) 

K. —  ( Cont'd  i 

T,  °K 

cP 

T,  °K 

cP 

200 

21  8 

60 

22.05 

250 

23  8 

70 

23  7  5 

300 

25  2 

80 

24  6 

He 

(2.5) 

90 

25  i 

H2,  Solid 

(1  6,  31 ) 

100 

25  3  5 

150 

26  o 

12 

4  1  8 

200 

27  8 

H.,  Liquid 

6,  16,  31) 

250 

29  o 

15  to  21 

1  38  + 

300 

30  2 

0  86  0  T 

Mg  (4 

,  21) 

Hi,  Gas  (5) 

20 

0  5o 

30 

20 .  a 

30 

1  85 

40 

20.8 

40 

3  6o 

50 

20  s 

60 

20  8 

50 

6  1  5 

70 

2l  l 

60 

8  6 

80 

21  .6 

70 

10.95 

90 

22.2 

80 

13  1  5 

100 

22.8 

90 

15.1 

150 

25.3 

100 

16.6 

200 

26.8 

150 

21 .45 

250 

28.0 

200 

23.35 

300 

29.1 

250 

24.4 

Hg,  Solid 

300 

25 .25 

(1,  22,  24 

28,  29) 

Ni,  Solid  (6.  I5) 

10 

4.8 

N 

20 

10.0 

15 

12.5 

30 

15.7 

21 

25 .  i 

40 

18.8 

30 

30.5 

50 

20.9 

Nu 

60 

Of) 

41 

ro  7 

70 

23.0 

51 

42.3 

80 

23.9 

60 

45 . 2 

90 

24.1 

Ni,  Liquid  (6>  ls) 

100 

24.5 

64  to  76 

55 . 6 

150 

20.0 

Ni,  Gas  (27) 

200 

27.2 

80 

30.2 

Hg,  Liquid  (33) 

90 

30.2 

235  to  298|  28.0 

100 

30  1 

lAh,  Sol 
15 

id  (I7) 

4.6 

150 

200 

29 . 9 
29.7 

21 

9.85 

250 

29  5 

30 

12  8 

300 

29  1 

36 

15.7 

Na  (9,  ii,  30) 

45 

17.6 

20 

2.5 

60 

20.1 

30 

5.2s 

75 

|00 

C'l 

40 

9.1 

90 

22.9 

50 

13.4 

105 

23.4 

60 

16  7  5 

120 

23.8 

70 

18  95 

135 

24.1 

80 

20  6 

150 

24.5 

90 

21 . 55 

180 

25.1 

100 

22  25 

200 

25  6 

150 

24  s 

250 

26.8 

200 

26  3 

300 

27.8 

250 

2?  4 

K  M) 

300 

25  5  5 

10 

6.07 

O,,  Solid  (6 

20 

ll.o 

Oi 

30 

15  2 

15 

9 . 20 

40 

18 . 35 

18 

1125 

50 

20  8 

21 

16.7 

8fi 


Oi,  Solid.- 

—(Cont'd 

T,  °K 

cP 

On 

30 

27  9 

36 

36  8 

39 

41  8 

Oui 

46 

45  2 

Oi,  Liquid  (®j 

57  to  73 

53  2 

Oi,  ( »ai 

i  f27) 

90 

32  6 

100 

32  4 

150 

29  4 

200 

29  7 

250 

28  4 

300 

29  4 

Pb  (8,  9, 

13,  1  9  j 

20 

ni 

30 

16  6  a 

40 

19  9 

50 

22  0 

60 

22  75 

70 

23.4 

80 

23  9 

90 

24.2 

100 

24.45 

150 

25  1 

200 

25  45 

250 

25.9 

300 

26.4 

Pd,  v. 

p.  93 

S,  Rhombic  (l®) 

10 

1.3 

20 

3.0 

30 

4.8 

40 

6.15 

50 

7.4 

60 

8.7 

70 

9  95 

80 

11.2 

90 

12.3 

100 

13.4 

150 

17.2 

200 

19  6 

250 

21  4s 

300 

23  3 

S,  Monoclinic  (,9 

83 

11.55 

87 

12.15 

91 

12.4 

97 

12.45 

102 

13.  a 

194 

20  « 

200 

20  95 

Sb  ( 

11) 

80.4 

21.7 

81.6 

21.2 

S3  7 

21.1 

85  6 

21  8 

86  2 

21 .8 

92  0 

oo  3 

93  3 

22  4 

98. 1 

22  9 
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86 


Si  (2i) 


T,  °K 

c„ 

20 

0  08 

30 

50 

40 

1  1 

50 

1  9 

60 

2.85 

70 

3.0 

80 

5.1 

90 

6.45 

100 

7.9 

150 

13.5 

200 

16.2 

250 

18.4 

300 

20.35 

Sn,  Gray  ( 

2,  17,  25) 

10 

1  .5 

20 

3.5s 

30 

6 . 4 

40 

8.9 

50 

11.2 

60 

13.15 

70 

15.2 

80 

16.9 

90 

18.2 

100 

19.58 

150 

23.05 

200 

24.4 

250 

25.2 

300 

25.85 

X-Table. — C 

Standard  £ 

HC1, Solid  (7)  ;c/.  (34) 

T,  °K 

l  CP 

HClr 

25 

8 . 95 

30 

11.95 

35 

14 . 25 

40 

16.9 

45 

18 . 85 

50 

20.5 

55 

21.95 

60 

23.35 

70 

26.35 

80 

29.0 

90 

31.9 

HChi 

105 

40.6 

110 

41.8 

135 

46 . 7 

145 

48.7 

155 

50.5 

HC1,  Liquid  (7);  cf. 

(34) 

165 

62.2 

175 

63 . 1 

185 

64 .  o 

Sn,  White  ( 

2,  17,  25) 

T,°  K 

C, 

10 

1 .9 

20 

4.4 

30 

8.6 

40 

12.45 

50 

15.3 

60 

17.3 

70 

18.95 

80 

20.6 

90 

21 .55 

100 

22.5 

150 

25.0 

200 

25.9  s 

250 

26.55 

300 

26.95 

Ta,  v. 

p.  94 

Te,  v. 

p.  94 

Ti,  v. 

p.  94 

Tl  (21) 

20 

8.65 

30 

15.0 

40 

18.2 

50 

20.3 

60 

2l  .  8 

70 

22.8 

80 

23.45 

90 

23.8 

100 

24.15 

150 

25.2 

200 

25.9 

Tl. — {Coni’ d) 


1 


HBr,  Solid  — 
( Cont’d ) 

°K  |  CP 
HBr! 


40 

22 . 55 

50 

26 . 15 

60 

29 . 25 

70 

33.8 

80 

44.6 

HBrn 

95 

43.6 

105 

48.4 

110 

51.4 

HBrni 

120 

47.7 

135 

47.7 

HBr,  Liquid  (7);  cf. 

(35) 

190  to  198|  60.7 

T,  °K 

c. 

250 

26 . 35 

300 

26 . 8 

W  (I7) 

10 

0.1 

20 

0.7 

30 

1  .7 

40 

3.05 

50 

5.7s 

60 

8.25 

70 

10.75 

80 

12.95 

90 

14.9 

100 

16.55 

150 

21  .0 

200 

23  05 

250 

24.4 

300 

25.5s 

Zn  (9-  1 9,  23) 

30 

3.5 

40 

7.2o 

50 

10.35 

60 

13.1 

70 

15.3 

80 

17.1 

90 

18.5 

100 

19.8 

150 

22.95 

200 

24.05 

250 

24.9 

300 

25.4 

v.  also  p.  89. 

II,  p.  viii) 

HI,  Solid.- 

— ( Cont’d ) 

T,  °K 

I  cP 

HI 

III 

170 

47.1 

180 

46 .  s 

200 

47.5 

HI,  Liquid  (7) 

224  to  238|  68 . 6 

NO,  Solid  (7) 


HI,  SoUd  (7) 

Hit 


HBr,  Solid  (7);c/.(35) 
HBri 

22  12e 


30 


15  4 
17.5 


60 

65 

85 

100 


HIu 


38.95 

50 .  o 

43.2 

45.0 


Him 

140  48.0 
155  47.3 
160  I  47.1 


25 

10.1 

30 

12.6 

80 

31.5 

85 

33.1 

90 

34.4 

100 

36.4 

NO,  Liquid  (7) 

115  to  117 

72 . 7 

NH,,  Solid  (7) 

25 

2.9 

30 

4.6 

40 

8.5 

50 

12.6 

85 

23 . 5 

100 

27 . 7 

130 

32.2 

150 

40.7 

170 

45.3 

185 

49.0 

NHj,  Liquid  (7) 


T,  °K 
200 

210 

220 

cP 

77.0 
76 . 4 
76  1 

CO,  Solid  (6>  27) 

COi 

10 

4.8 

20 

14.2 

30 

24.7 

40 

34.4 

50 

45.4 

57 

56.5 

COn 

65 

00 

I'M 

CO,  Liquid  (6) 
67  to  83  |  7.2 


CO,  Gas  (27) 

CH<,  Liquid. — 

T,  °K 

c„ 

( Cont’d ) 

83 

30.4 

T,  °K 

cP 

90 

30.3 

100 

56.6 

100 

30.2 

105 

56.6 

150 

30.0 

C6H,  (18> 

19,  32) 

200 

29.7 

10 

2.5 

250 

29.5 

20 

8 .55 

300 

29.3 

30 

17.6 

40 

26.1 

CH  i,  Solid  (7) 

50 

32.2 

30 

23.1 

60 

38.7 

40 

28.5 

70 

43.8 

55 

33 . 95 

80 

49.2 

70 

38.1 

90 

53  8 

80 

41.2 

100 

57  8 

85 

42.7 

150 

78.0 

200 

95  5 

CH4i  Liquid  (7) 

250 

112.0 

96 

57.5 

300 

127 . 1 

C02  (6) 


7’,  °K 

Cp 

T,  °K 

CP 

19.4 

4.52 

82 . 75 

37.6 

22.0 

6.03 

84.2 

38.2 

23.45 

7.4 

85.5 

38.8 

25.4 

8.62 

86.4 

38.4 

26.4 

9.87 

88.4 

38.9 

29.3 

11.9 

195.2 

54.2 

31.8 

13.72 

195.3 

54.5 

34.7 

16.31 

196.4 

54.4 

37.8 

18.33 

197.1 

55.4 

41.3 

21.25 

198.0 

55.3 

44.2 

22.85 

198.9 

55 . 2 

80.15 

37.0 

199.6 

55 . 6 

82.0 

37.25 

200.5 

56.0 

(CtHsO)*,  Ketone  resin  (28) 

67 . 3 

34.5 

155.3 

73.0 

72.5 

38.1 

158.2 

74 . 6 

73.4 

37.7 

203.4 

92.0 

76.9 

40.8 

205.4 

91.0 

78.3 

40.1 

216.9 

97.0 

81.5 

43.1 

218.8 

98.4 

93.1 

48.0 

269.9 

119.7 

97 . 5 

49.6 

296.9 

132.8 

129.0 

64.6 

298.4 

135.8 

132.2 

64 . 4 

Cf,Hr.Of„  Glucose  (28) 

19.9 

4.96 

90.6 

42.1 

23.4 

6 . 74 

100.6 

46.3 

26.9 

8.78 

102.1 

46.3 

31.4 

11.71 

105.4 

48.1 

36.0 

14.36 

114.1 

51.1 

39.2 

16.3 

130.9 

58.4 

44.2 

18.16 

153 . 7 

67.6 

48.8 

21.75 

158.0 

69  6 

51.8 

23.5 

200.1 

86.9 

56.0 

25.9 

202.5 

88.7 

60.9 

28.8 

231.5 

101.8 

66.5 

31.4 

251.9 

110.0 

69.8 

32.6 

269.9 

119.5 

79.2 

37.0 

287.2 

126.2 

84.6 

39.6 

296.2 

135.0 

ENTR0P5  \M)  HEAT  CONI  I  N  i 


8  / 


Pbl-  21 


T,  °K 

7’,  °K 

CP 

22.3 

29.5 

89.4 

71.5 

26.2 

32.85 

95.6 

72.3 

38.2 

44.9 

235.0 

784.0 

50 . 6 

55 . 2 

332  0 

823.0 

62.1 

61 .8 

Hg2SO«  (24 


23.5 

25.2 

76 . 6 

68.2 

26.5 

34.2 

85.0 

71 . 5 

30.0 

39.4 

201.0 

108.9 

56.2 

58.9 

290.0 

129.2 

BeO 

(10) 

76.8 

0.85 

79.7 

1.02 

78.1 

.92 

80.3 

0.93 

78.6 

.82 

82.6 

0.99 

79.3 

.95 

84.9 

1.15 

Ca(OH)2  (2i 


21.4 

2.06 

47.4 

6.96 

26.3 

2.94 

50.4 

9.63 

31.4 

3.42 

53.8 

12.34 

37.6 

4.54 

76.2 

16.95 

40.7 

5.38 

86.0 

21.3 

CaH 

(10) 

69.9 

7.5 

80.1 

9.92 

71.2 

7.78 

80.9 

9.92 

72.5 

7.95 

86.2 

11.48 

79.0 

9 . 42 

CaCOs,  Aragonite  0°) 

23.3 

0.97 

38 . 6 

4 . 05 

26.8 

1.16 

41.7 

5.34 

29.7 

1.53 

47.7 

7 . 7 

31.9 

2.18 

50.5 

9.3 

34.1 

2.86 

52.6 

10.42 

35.9 

3.54 

56.2 

10.85 

A 1  ■  i  SO  ,  jK.SO  ,.24H  O  21) 


25.7 

116.5 

41.7 

252.3 

28.3 

136.1 

46.0 

302.5 

30.0 

144.2 

50.6 

350.0 

31.2 

158.8 

54.0 

368  5 

32.8 

175.5 

71.9 

503.0 

34.7 

181 .8 

84.4 

592  0 

36.0 

210.0 

90.5 

693 . 0 

ENTROPY,  HEAT  CONTENT  AND  THERMODYNAMIC 
POTENTIAL 

A-Table. — Elementary  Substances 
_  Argon  l6.  1 2) 


T,  °K 

cP 

s 

II 

/■’  =  //-  ts 

0 

0 

0 

° 

0 

50 

25.85 

23  4 

712 

468 

100 

22.4 

130.4 

3  035 

-10  005 

150 

21 .75 

139.4 

4  ll5 

-16  735 

200 

21.55 

145.6 

5  240 

-22  860 

250 

21.35 

150  4 

6  320 

-31  280 

273 . 1 

21.30 

152.0 

6  800 

-34  TOO 

298.1 

21  23 

154  0 

7  340 

-38  560 

Ag  (9,  19,  20) 


50 

li. i 

5.91 

192 

103 

100 

20. f 

1772 

1  0T2 

708 

150 

23.2 

2(T0 

2  005 

-  1  805 

200 

24.4 

32~8 

3  280 

-  3  280 

250 

25.0 

3873 

4  520 

-  5  060 

273  1 

25.2 

4075 

5  100 

-  5  070 

298  1 

25.3 

4277 

5  730 

-  6  000 

A1  (9,  20,  21) 


0 

0 

0 

0 

0 

50 

3.75 

1.23 

52.1 

0.4 

100 

13.1 

6.82 

465.0 

217 

150 

18 . 63 

13.22 

1 

272 

-  710 

200 

21 .55 

18.98 

2 

285 

-  1  505 

250 

23.23 

23 . 95 

3 

500 

-  2  480 

273.1 

23 . 85 

26.1 

4 

040 

-  3  080 

298  1 

24.4 

28.15 

4 

630 

-  3  750 

C,  Graphite  (19 


0 

0 

0 

0 

0 

50 

0.54 

0.29 

lO 

-  2~8 

100 

1.72 

1 .04 

73  3 

-  31 

150 

3.26 

1 .97 

189 

-  107 

200 

5.10 

3.18 

304 

-  242 

250 

6.94 

4.44 

688 

-  422 

273 . 1 

7.82 

5.10 

856 

—  536 

298  1 

8  66 

5.  ST 

1  052 

678 

C,  Diamond  (20) 


0 

0 

0 

1  282 

1  282 

50 

0 

0 

1  282 

1  282 

100 

0.29 

0.063 

1  282 

1  276 

1.50 

1.13 

34 

1  326 

1  276 

200 

2.34 

.80 

1  426 

1  266 

2.50 

4.18 

1 .45 

1  589 

1  227 

273.1 

5.02 

1  82 

1  698 

1  207 

298  1 

6.19 

2  28 

1  806 

1  126 

88 
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Ca  («,  i°) 


T,  K  |  Cr  |  S  1 _ IJ_ _ 1  F  =  H  -  TS 


50 

V 

1 1  40 

5.58 

189 

90 

100 

20.70 

17.1 

983 

727 

150 

24.0 

26.2 

2  1 10 

-  1  810 

200 

25.3 

33.3 

3  340 

-  3  310 

250 

25.8 

39.1 

4  620 

-  5  150 

273 . 1 

25.88 

41.3 

5  220 

-  6  060 

298 . 1 

25.97 

43.5 

5  860 

-  7  120 

Cd  (9.  25) 


0 

0 

0 

0 

0 

50 

15.4 

8.12 

285 . 5 

— 

1 2  1 

100 

22.45 

22.7 

1 

290 

- 

900 

150 

24 .18 

32  15 

2 

460 

-  2 

360 

200 

25.15 

3072 

3 

700 

-  4 

140 

250 

25 . 65 

4473 

4 

960 

-  6 

°  1 

CO  ( 

273.1 

25.9 

4677 

5 

560 

-  7 

190 

298.1 

26.1 

4879 

6 

210 

-  8 

390 

Cu  (9,  14,  20) 


50 

6.02 

2.47 

82.2 

41 

100 

16.07 

10.03 

648.0 

355 

150 

20.  §5 

17.52 

1  603 

-  1  025 

200 

22.1 

24.0 

2  700 

-  2  Too 

250 

23.55 

29.25 

3  860 

-  3  450 

273.1 

24. 50 

31 .35 

4  420 

-  4  T30 

298.1 

24.45 

33.60 

5  020 

-  4  990 

Fe  (9) 


0 

0 

0 

0 

0 

50 

3.77 

1.30 

50.2 

- 

15 

100 

13.1 

6.78 

484 

— 

192 

150 

18.82 

13.27 

1 

292 

— 

608 

200 

21 .85 

19.12 

2 

302 

-  1 

522 

250 

23.  §5 

24.20 

3 

455 

-  2 

595 

273.1 

24  .45 

26.4 

4 

010 

-  2 

190 

298.1 

25.1 

28.6 

4 

630 

-  3 

900 

(5,  16,  31 

0 

0 

0 

0 

0 

50 

10.45 

42.25 

890 

-  1 

225 

100 

11.3 

49.7 

1 

430 

-  3 

540 

150 

12.58 

54.5 

2 

035 

-  6 

135 

200 

13.4 

58.4 

2 

685 

-  8 

995 

250 

14.03 

61.4 

3 

360 

-IT 

990 

273.1 

14.3 

62.5 

3 

690 

-13 

370 

298.1 

14.53 

64.0 

4 

050 

-15 

050 

Hg  (1,  22,  24,  28,  29) 


0 

0 

0 

0 

0 

50 

20.9 

21.7 

602 

— 

483 

100 

24.65 

37.6 

1 

768 

-  1 

992 

150 

26.2 

47.8 

3 

040 

-  4 

140 

200 

27.2 

55.4 

4 

380 

-  6 

680 

273 . 1 

28.0 

74.2 

7 

800 

-12 

500 

298.1 

27.6 

76 . 5 

8 

500 

-14 

300 

V2h  (17) 


r,  °K 

c:p 

8 

II 

F  =  H 

-  TS 

0 

0 

0 

0 

0 

50 

18.41 

16. SO 

495 

— 

320 

100 

23.2 

31 .05 

1 

578 

-  1 

527 

150 

24.4 

40.7 

2 

770 

-  3 

330 

200 

25.65 

47.8 

4 

030 

-  5 

520 

250 

26.1 

53.7 

5 

340 

-  8 

060 

273.1 

27.35 

55.9 

5 

960 

-  9 

330 

298.1 

27.1 

58.4 

6 

650 

-10 

750 

K  (4,  30) 


50 

21.6 

19.55 

807 

369 

100 

2543 

30 

1  795 

-  1  805 

150 

26 . 65 

49.5 

3  090 

—  4  330 

200 

27.90 

5774 

4  450 

-  7  010 

250 

2972 

6377 

5  880 

-10  020 

273.1 

2976 

66 . 3 

6  580 

-11  540 

298.1 

30.15 

69.0 

7  320 

—  13  280 

Mg  (4 

21) 

50 

6.07 

2.47 

00.5 

33 

100 

16.5 

10.4 

680 

-  360 

150 

21.2 

17.95 

1  650 

-  1  040 

200 

23.8 

24.3 

2  780 

-  2  090 

250 

24.05 

29.6 

3  070 

-  3  430 

273.1 

25.1 

31.8 

4  540 

-  4  140 

298.1 

25.45 

34.0 

5  T70 

-  4  980 

(6, 

15,  27) 

0 

0 

0 

0 

0 

50 

24.15 

23.15 

706 

452 

100 

15.0 

80.01 

4  040 

-  3  061 

150 

14.8 

88.0 

5  710 

-  7  190 

200 

14.7 

90.4 

6  450 

-11  610 

250 

14.85 

93.5 

7  180 

-16  170 

273.1 

14.82 

94.9 

7  520 

-18  380 

298.1 

14.8 

98.1 

7  890 

-20  730 

Na  (9,  11,  30) 


0 

0 

0 

0 

0 

50 

13.4 

6.40 

241 

— 

83 

100 

20 

1072 

1 

177 

— 

743 

150 

25.77 

3373 

2 

370 

-  2 

630 

200 

27.05 

4070 

3 

650 

-  4 

550 

250 

27.85 

4772 

4 

000 

-  0 

810 

273.1 

28.15 

4077 

5 

620 

-  7 

930 

298.1 

2 O 

5072 

6 

330 

-  9 

190 

y20 ,  (9,  27) 


0 

0 

0 

0 

0 

50 

22.6 

20.2 

905 

-  345 

100 

15.1 

8470 

5  720 

-  2  770 

150 

14.5 

9070 

6  470 

-  7  130 

200 

14.33 

9470 

7  180 

-11  810 

250 

14.43 

9870 

7  800 

-16  610 

273.1 

14.53 

99~4 

8  230 

-18  870 

298.1 

14.03 

10075 

8  800 

-21  400 

ENTROPY  AND  HEAT  CONTEN I 
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Pb  (8,  9,  13,  19,  30 


T,  °K 

cP 

‘5 

n 

v; 

C-* 

1 

II 

0 

0 

0 

0 

0 

50 

21.62 

21. 1 

577 

-  478 

100 

23.7 

37.2 

1  753 

-  1  967 

150 

25.4 

47.3 

2  985 

-  4  Tlo 

200 

25.9 

54.6 

4  250 

—  6  650 

250 

26 . 25 

60.5 

5  540 

-  9  580 

273.1 

26.35 

62.8 

6  140 

-10  990 

298.1 

26.5 

65.0 

6  800 

-12  600 

S,  Orthorhombic  (19 


0 

0 

0 

0 

0 

50 

7.82 

6.2 

182 

— 

128 

100 

12.85 

13.2 

605 

— 

7l5 

150 

16.5 

19.1 

1 

370 

-  1 

490 

200 

19 . 12 

2473 

2 

290 

-  2 

570 

250 

2E4 

20 

3 

3T0 

-  3 

890 

273.1 

22.17 

3072 

3 

810 

-  4 

430 

298.1 

23~0 

3272 

4 

380 

-  5 

220 

Si  (21) 


0 

0 

0 

0 

0 

50 

1.93 

0.71 

28.15 

7.4 

100 

7.83 

3.81 

265 . 5 

-  115.5 

150 

12.55 

7.91 

801 

-  386 

200 

15.57 

11.85 

1  558 

812 

250 

18.0 

15 . 6 

2  390 

-  1  510 

273.1 

18.9 

17.3 

2  805 

-  1  915 

298.1 

19.99 

19.0 

3  300 

-  2  360 

Sn,  White  (2i  1 7,  25) 


0 

0 

0 

0 

0 

50 

15.35 

11.12 

354 

— 

202 

100 

22.45 

24.4 

1 

324 

-  1 

Il6 

150 

25.0 

34.0 

2 

520 

—  2 

580 

200 

26.1 

41.5 

3 

810 

-  4 

490 

250 

26.6 

47.4 

5 

140 

-  6 

710 

273.1 

26.8 

49.6 

5 

760 

—  7 

770 

298.1 

26.9 

52.3 

6 

440 

-  9 

160 

Sn,  Gray  (2,  17,25, 


0 

0 

0 

-  1  550 

-  1  550 

50 

11.13 

8.12 

—  1  525 

-  1  530 

100 

19.  6 

18.7 

-  5l0 

-  2  380 

150 

23.0 

27.3 

560 

-  3  540 

200 

24.6 

34.8 

1  750 

-  5  200 

250 

25.4 

40.5 

2  990 

-  7  130 

273.1 

25.55 

42.7 

3  570 

-  8  080 

298.1 

25.6 

44  7 

4  ISO 

-  9  120 

T1  (21) 


50 

20.7 

18.4 

524 

-  396 

100 

24.05 

34.2 

1  660 

-  1  760 

150 

25.2 

44.2 

2  890 

-  3  740 

200 

25.85 

51.5 

4  170 

-  6  130 

250 

26.3 

57.5 

5  470 

-  8  920 

273.1 

26.5 

59.7 

6  080 

-10  200 

298.1 

26  65 

62.2 

6  750 

-  1 1  770 

W  (17 


T,  °K 

CP 

// 

F  =  // 

-  TS 

50 

6.02 

2.43 

83.6 

38 

100 

16.32 

10.09 

672 

337 

150 

21.15 

17.69 

1 

625 

-  1 

025 

200 

23 . 55 

24  1 

2 

730 

_  ■) 

090 

250 

24  9 

29.6 

3 

920 

-  3 

4N0 

273.1 

25.2 

3l .  7 

4 

490 

4 

160 

298.1 

25.55 

33.90 

5 

1 20 

-  4 

980 

Zn  (9,  19,  23, 


0 

0 

0 

0 

0 

50 

10.27 

4.82 

141 

-  100 

100 

19.75 

15.38 

924 

614 

150 

23.0 

23 . 55 

2  010 

-  1  520 

200 

24.3 

30.3 

3  195 

—  2  865 

250 

24.9 

35.85 

4  420 

-  4  540 

273.1 

25.15 

38 . 45 

5  000 

-  5  500 

298.1 

25.25 

40.6 

5  630 

-  6  470 

35-Table. — Chemical  Compounds,  Standard  Arrangement 

H,0  (24) 


0 

0 

0 

-282 

600 

—282 

600 

50 

8.58 

4.78 

-282 

417 

-282 

656 

100 

16.1 

13.31 

— 28T 

777 

-283 

108 

150 

21.75 

20.8 

-280 

825 

-283 

945 

200 

23.85 

27.75 

-279 

595 

-285 

145 

250 

34.7 

34 . 65 

-278 

060 

—286 

720 

273.1 

38.2 

37 . 85 

-277 

220 

-287 

540 

298.1 

75.3 

66 . 7 

-269 

300 

-289 

200 

HC1  (34);  HBr  (35 


NH,C1  (28 


0 

0 

0 

-285  960 

-285  960 

50 

14.69 

6.49 

-285  706 

-286  031 

100 

37.7 

24.2 

-284  360 

-286  780 

150 

50.2 

41 . 5 

-282  100 

— 285  320 

200 

69.4 

58.8 

-279  070 

-290  830 

250 

78.9 

83.1 

-274  130 

-294  930 

273.1 

82.4 

90.2 

-272  320 

-296  920 

298.1 

86.6 

97.6 

-270  230 

-299  430 

CO  (6,  27) 


0 

0 

0 

-125  948 

-125  948 

50 

45.2 

30.75 

-124  918 

-126  458 

100 

32.0 

159.3 

-115  218 

-131  148 

150 

29.9 

171.9 

-113  718 

-139  518 

200 

29.65 

ISO  0 

-112  228 

-148  228 

250 

29.45 

186.5 

-110  748 

-157  348 

273.1 

29.4 

189.2 

-110  068 

-161  668 

298.1 

29.35 

192.0 

-109  348 

-166  .548 

Crfle  ( 

18,  19,  32) 

0 

0 

0 

49  050 

49  0.50 

50 

34 . 65 

22.8 

49  656 

48  516 

100 

55.8 

53 . 5 

52  000 

46  650 

150 

73  9 

70  5 

55  390 

43  490 

90 
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C  r,  H . — ( Continued ) 


T,  °K 

CP 

s 

// 

F  =  H  -  TS 

200 

103.0 

102.5 

59  670 

39  170 

250 

110.5 

124.4 

64  850 

33  750 

273.1 

118.8 

135.0 

67  500 

30  700 

298  1 

133.5 

181  .0 

80  850 

26  850 

SiC 

(10,  21) 

PbO  (21) 

0 

0 

0 

-213  660 

-213  660 

50 

16.6 

12.3 

-213  250 

-213  865 

100 

28 . 45 

27.6 

-212  110 

-214  870 

150 

36 . 55 

43.5 

-210  485 

-217  005 

200 

41.8 

54 . 6 

-208  540 

-219  440 

250 

44 . 9 

64 . 2 

-206  390 

-222  390 

273  1 

46.1 

68.5 

-205  320 

-224  020 

298.1 

47.1 

72.5 

-204  140 

-225  740 

PbCL  (I9) 

0 

0 

0 

-329  460 

-329  460 

50 

40.9 

29.6 

-328  556 

-330  036 

100 

59.2 

64.9 

-325  945 

-332  435 

150 

68.0 

90.7 

-322  700 

-336  300 

200 

72.6 

111.0 

-319  180 

—341  380 

250 

75.4 

127.2 

-315  540 

-347  340 

273.1 

76.2 

134.1 

-313  780 

-350  380 

298.1 

76.9 

140.9 

—  3 ll  880 

-353  880 

PbS  (4) 

0 

0 

0 

-  93  860 

-  93  860 

50 

26.8 

19.5 

-  93  254 

-  94  229 

100 

39.6 

43.0 

-  9l  542 

-  95  842 

150 

44.4 

60.0 

-  89  420 

-  98  420 

200 

47.5 

73.3 

-  87  120 

-lOl  770 

250 

49.7 

84.0 

-  84  710 

-105  710 

273.1 

50.4 

88.4 

-  83  540 

-107  640 

298 . 1 

51.4 

92.8 

-  82  260 

-109  960 

T1C1  (2  4) 


0 

0 

0 

-191  020 

-191  020 

50 

33.95 

27.4 

-190  163 

-191  533 

100 

44.7 

54.8 

-188  136 

-193  616 

150 

48.2 

73.6 

-185  800 

-196  800 

200 

50.3 

87 . 5 

-183  350 

-200  850 

250 

51.8 

99.9 

-180  520 

-205  520 

273.1 

52.4 

103.3 

-179  320 

—  207  520 

298.1 

53.0 

108.0 

-178  000 

-210  200 

ZnS  0°) 

0 

0 

0 

-190  750 

-190  750 

50 

14.59 

7.99 

-190  465 

-190  865 

100 

25.8 

21.7 

-189  376 

-191  546 

150 

33.5 

35.4 

-187  715 

-192  715 

200 

38 . 95 

43.8 

-185  790 

-194  540 

250 

43.1 

52.8 

-183  710 

-196  910 

273.1 

45.0 

56 . 7 

-182  680 

-195  160 

298.1 

46  6 

60.6 

-18l  500 

-199  500 

HgO  (10) 


T,  °K  | 

Cp 

S 

// 

II 

1 

1  1 

0 

50 

100 

150 

200 

250 

273 . 1 

298 . 1 

0 

18.18 

29.3 
36.0 

40.3 

43.4 

44.5 
45.3 

0 

12. 13 
28.45 

41 . 7 

52.5 

61.8 

65 . 6 

69.6 

-  83  020 

-  82  631 

-  8l  409 

-  79  725 

-  77  810 

-  75  840 

-  74  830 
-  73  700 

-  83  020 

-  83  236 

-  84  254 

-  85  975 

-  88  310 

-  9l  290 

-  92  730 

-  94  500 

HgCl  (24) 

0 

0 

0 

-115  500 

-115  500 

50 

28.6 

21.3 

-114  814 

-115  879 

100 

39.55 

45.0 

-113  075 

—  117  575 

150 

45.0 

62.3 

-110  960 

-120  300 

200 

48.0 

75.7 

-108  660 

-123  760 

250 

50.0 

86.5 

-106  250 

-127  850 

273.1 

50.5 

90.9 

-105  090 

-129  890 

298.1 

51.0 

95.4 

-103  820 

-132  220 

Cul  (2  8) 


0 

0 

0 

-  68  520 

-  68  520 

50 

28.05 

19.2 

-  67  892 

-  68  852 

100 

41.9 

43.7 

-  66  080 

-  70  450 

150 

47.1 

61.6 

-  63  830 

-  73  080 

200 

50.0 

75.5 

-  61  420 

—  76  520 

250 

52.1 

86.8 

-  58  870 

-  80  570 

273.1 

53.0 

91.4 

-  5?  690 

-  82  590 

298.1 

53.8 

96.0 

-  56  330 

-  84  930 

AgCl  (19,  21) 

0 

0 

0 

-114  090 

-114  090 

50 

28. 15 

20.8 

-113  408 

-114  448 

100 

41.0 

45.0 

-111  650 

-116  150 

150 

46.0 

el.  8 

-100  490 

—  118  920 

200 

49.0 

76.4 

-107  110 

-122  390 

250 

51.4 

87.5 

-104  620 

-126  495 

273.1 

53.1 

92.1 

-103  410 

-128  510 

298.1 

53.8 

96.7 

-102  090 

-130  890 

Agl  (21) 

0 

0 

0 

-  63  220 

-  63  220 

50 

31.9 

28.65 

-  62  388 

-  63  820 

100 

45 . 7 

55.7 

-  60  390 

-  65  960 

150 

50.8 

75.4 

-  58  010 

-  60  310 

200 

52.7 

90.0 

-  55  480 

-  73  480 

250 

53.8 

102.0 

-  52  640 

-  78  140 

273  1 

54.1 

106.4 

-  51  440 

-  80  540 

298.1 

54.4 

111.3 

-  50  120 

-  83  320 

FeS2  (8) 


0 

0 

0 

-144  750 

-144  750 

50 

2.64 

0.83 

-144  720 

-144  761 

100 

18.84 

7.11 

-144  226 

-144  937 

150 

36 . 66 

18.4 

-142  870 

-145  630 

200 

49.59 

30.75 

-140  680 

-146  830 

250 

57 . 3 

42.7 

-137  990 

-148  640 

273 . 1 

60.0 

47.8 

-136  630 

-149  730 

298 . 1 

62. T 

53.0 

-135  100 

-150  900 
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MgO  (10,  26 


T,  °K 

Cp 

S 

// 

F  =  //  -  TS 

0 

0 

0 

-600  680 

-600  680 

60 

0.42 

0.29 

-600  660 

—  600  674 

100 

0.91 

2.18 

-600  497 

-600  71.5 

1.50 

19.3 

7.45 

-599  822 

—  600  940 

200 

27 . 65 

14.10 

-598  590 

-601  410 

2.50 

34  35 

21 .0 

-597  010 

-602  260 

273.1 

36.9 

24.2 

-596  180 

-602  780 

298.1 

39.6 

27 . 5 

-595  230 

603  130 

CaO  (21 


0 

0 

0 

-627  740 

-627  740 

50 

2.85 

0.88 

-627  705 

-627  749 

100 

16.4 

6 . 56 

-627  251 

-627  907 

150 

28.8 

15.4 

-626  070 

-628  370 

200 

37.3 

24 . 75 

-624  460 

-629  400 

250 

41.3 

33.4 

-622  570 

-630  920 

273.1 

42.9 

37.18 

— 62l  620 

-631  770 

298.1 

44.2 

40.8 

-620  540 

-632  740 

CaFo  (8) 


0 

0 

0 

50 

4.27 

1 

.59 

100 

19.3 

8 

.99 

150 

31.4 

18 

.99 

200 

38.1 

29 

.95 

250 

42.5 

37 

.85 

273.1 

44.0 

41 

7 

298.1 

45.1 

45 

.6 

CaCO,, 

Calcite  (21) 

0 

0 

0 

-1 

191 

410 

-1 

19l 

410 

50 

15.9 

7 

07 

-1 

191 

118 

-1 

191 

468 

100 

41.1 

25 

7 

-1 

189 

690 

-1 

192 

260 

150 

57.4 

45 

8 

-1 

187 

260 

-1 

194 

140 

200 

68.1 

63 

6 

-1 

184 

250 

-1 

196 

950 

250 

75 . 6 

79 

2 

-1 

180 

710 

-1 

200 

510 

273.1 

78.2 

85 

9 

-1 

178 

990 

-1 

202 

390 

298.1 

80.4 

92 

6 

-1 

177 

000 

-1 

204 

600 

LiH  (11) 


0 

0 

0 

50 

0.84 

0.25 

100 

6.28 

2.09 

150 

14.68 

6.19 

200 

23.3 

11.68 

260 

30.3 

17.6 

273  1 

32.35 

20.45 

298.1 

34.5 

23.55 

NaCl  (20 


7\  °K 

CP 

.S’ 

// 

F  =  H 

-  TS 

0 

0 

0 

—396  520 

-396 

520 

.50 

15.08 

6.15 

-396  263 

-  396 

570 

100 

34.95 

23.75 

—  394  866 

-397 

24  x 

150 

42.7 

39 .  7 

-392  910 

-  398 

860 

200 

46.7 

52 . 6 

—  390  720 

-401 

220 

250 

49.0 

63 . 2 

-388  390 

-404 

190 

273.1 

49.6 

67 . 6 

-387  270 

-405 

770 

298.1 

50.0 

72.0 

—  386  000 

-407 

400 

KBr  <20 


0 

0 

0 

-386 

190 

—  386 

190 

50 

29.5 

16 

14 

-385 

587 

-386 

397 

100 

42.6 

42 

1 

-383 

675 

-387 

885 

150 

46.8 

60 

2 

-38l 

440 

-390 

490 

200 

48.9 

74 

1 

-379 

090 

-393 

890 

250 

50.6 

85 

0 

—  376 

660 

-397 

860 

273  1 

51.3 

89 

5 

-375 

480 

-399 

880 

298.1 

51 .8 

94 

2 

-374 

220 

-402 

220 

KC1  (20) 


0 

0 

0 

-421  300 

-421  300 

50 

21.1 

9.71 

-420  914 

-421  399 

100 

39.6 

31 .0 

-419  319 

-422  419 

150 

45.1 

50.2 

-417  190 

-424  720 

200 

47.7 

63.5 

-414  860 

—  427  560 

250 

49.4 

74.3 

-412  400 

-430  900 

273.1 

50. T 

78.6 

— 4ll  280 

-432  700 

298.1 

50.6 

83.1 

-410  000 

-434  780 

A1,(SQ4)3Cs,SO<.12H  O  (36 
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HEAT  CAPACITY  OF  SOLID  AND  LIQUID  ELEMENTARY  SUBSTANCES  ABOVE  0  C 

Luigi  Rolla  and  Giorgio  Piccardi 


Where  possible  the  information  is  presented  in  the  form  of  the 
parameters  of  the  equation  Cp  =  A  +  Bf  +  C/2  +  .  .  .  ^w  htre 
CP  is  the  atomic  heat  capacity  in  joules  per  gram  atom  per  °C  and 
t  is  the  centigrade  temperature. 

Column  two  contains  the  value  of  the  parameter  A;  column 


three,  the  value  of  103B;  column  four,  the  temperature  range 
covered  by  the  data  from  which  the  equation  was  derived.  When 
the  letter  M  appears  in  column  three,  the  value  in  column  two  is 
the  mean  heat  capacity,  Cm,  over  the  temperature  range  given  in 
column  four.  When  a  single  temperature  appears  in  column  four, 
the  value  in  column  two  is  the  heat  capacity  at  that  temperature. 
Values  in  bold-face  type  are  “best”  values  as  deduced  from  all  of 
the  information  available.  The  accuracy  of  these  values  is 
difficult  to  estimate,  but,  in  general,  it  may  be  stated  that  specific 
heat  data  on  metals  are  rarely  accurate  to  better  than  1  %,  an 


uncertanity  of  several  %  being  not  unusual. 

In  cases  where  no  “best”  values  are  given,  the  available  infor¬ 
mation  is  discordant,  or  lacks  confirmation.  In  many  cases 
information  of  this  character  is  indicated  by  literature  reference 
only. 


L’information  est  prdsentee  partout  oh  cela  est  possible  sous  la 
forme  des  parametres  de  l’equation  Cp  =  A  +  Bf  +  Cf2  +  •  •  •  , 
oh  Cp  est  la  capacity  calorifique  atomique  exprimee  en  joules  par 
atome  gramme  et  par  °C  et  f  est  la  temperature  centigrade. 

La  deuxieme  colonne  contient  la  valeur  du  parametre  A,  la  troi- 
sieme  colonne,  la  valeur  de  103B;  la  quatrieme  colonne,  l’inter- 
valle  de  temperature  comportant  les  donndes  h  partir  desquelles  on 
a  deduit  liquation.  Lorsque  la  lettre  M  se  trouve  dans  la 
troisieme  colonne,  la  valeur  dans  la  deuxieme  colonne,  reprdsente  la 
capacite  calorifique  moyenne  Cm,  pour  1  intervalle  de  temperature 
donn6  dans  la  quatrieme  colonne.  Lorsqu’il  n’y  a  qu’une  seule 
t  emperature  dans  la  quatrieme  colonne,  la  valeur  dans  la  deuxieme 
colonne  est  la  capacite  calorifique  h  cette  temperature.  Les 
valeurs  en  caracteres  gras  sont  les  “meillcures  ’  valeurs,  telles 
qu’on  les  a  ddduites  de  toute  l’information  disponible.  La  preci¬ 
sion  de  ces  valeurs  est  difficile  h  estimer,  mais,  en  general  il  peut 
4tre  etabli  que  les  donees  de  chaleur  spdcifique  se  rapportant 
aux  metaux  sont  rarement  d’une  precision  superieure  h  un  pour 
cent,  une  incertitude  de  plusieurs  pour  cent  n’etant  pas  rare. 

Dans  les  cas  ou  les  “meilleures”  valeurs  ne  sont  pas  donnees, 
l'information  disponible  est  discordante,  ou  a  besoin  de  confirma¬ 
tion.  Dans  plusieurs  cas  l’information  prdsentant  ce  caractdre 
n’est  indiquec  que  par  une  reference  bibliographique. 

*  For  data  below  0°,  v.  p.  84. 


Wo  moglich  ist  die  Angabe  durch  die  Parameter  der  Gleichung 
q  —  \  _j-  Bf  +  Cf2  ,  gegeben.  Hier  bedeutet  Cp  den 

Atomwarmeinhalt  in  Joule  pro  Grammatom  und  pro  G,  und  t  ist 
die  Centigrad  Temperatur. 

Kolonne  zwei  enthalt  die  Werte  des  Parameters  A,  Kolonne  drei, 
von  103B;  Kolonne  vier  den  Temperaturbereich  aus  welchem  die 
Daten  bei  der  Ableitung  der  Gleichung  herangezogen  worden  sind. 
Erscheint  der  Buchstabe  M  in  der  Kolonne  drei,  dann  ist  der  Wert 
in  der  Kolonne  zwei  der  mittlere  Warmeinhalt  Cm  in  dem  Tempera¬ 
turbereich,  welcher  in  dcr  Kolonne  vier  angegeben  ist.  Erscheint 
in  der  Kolonne  vier  eine  einzelne  Temperaturangabe,  so  ist  der  in 
der  Kolonne  zwei  angegebene  Warmeinhalt  fur  diese  Temperatur 
giltig.  Zahlen  in  hervorgehobener  Schrift  stellen  die  “besten 
dar,  die  sich  aus  alien  zur  Verfugung  stehenden  Werten  ableiten 
liessen.  Die  Genauigkeit  solcher  Werte  ist  schwer  zu  schatzen, 
man  kann  jedoch  im  allgemeinen  feststellen,  dass  die  spezifischen 
W'armen  der  Metalle  selten  genauer  als  auf  1  %  bekannt  sind  und 
Unsicherheiten  bis  auf  einige  Prozente  kommen  nicht  selten  vor. 

In  Fallen  wo  kein  “beste”  Werte  angegeben  sind,  werden  die 
vorliegenden  Ergebnisse  widersprechend  sein,  oder  es  fehlen 
Bestatigungen.  In  vielen  Fallen  sind  Ergebnisse  dieser  Art  nur 
durch  die  Literaturstellen  angegeben. 


Tutte  le  volte  che  6  possibile,  i  valori  sono  riportati  in  forma  di 
parametri  dell’equazione:  Cp  =  A  +  Bf  +  Ct2  +  ...  ,  nella 
quale  Cp  h  il  calore  atomico  in  joules  per  grammo  atomo  e  per  C, 
e  f  e  la  temperatura  in  gradi  centigradi. 

La  colonna  2  contiene  i  valori  di  A;  la  3  i  valori  di  103B,  la  4 
l’intervallo  di  temperatura  al  quale  si  riferiscono  i  dati  da  cui  h 
stata  dedotta  l’equazione.  La  lettera  M  nella  colonna  3  indiea 
che  il  valore  della  colonna  2  h  il  calore  specifico  medio,  Cm,  entro 
l’intervallo  indicato  nella  colonna  4.  Quando  nella  colonna  4  h 
indicata  una  sola  temperatura,  il  valore  riportato  nella  2  rappre- 
senta  il  calore  specifico  a  quella  temperatura.  I  valori  in  grassetto 
sono  quelli  “ottimi”  quali  si  deducono  da  tutte  le  fonti  disponibili. 
E  difficile  apprezzare  l’esattezza  di  questi  valori;  in  genere  perh  si 
pud  dire  che  essa  per  i  metalli  raramente  supera  1%,  e  che  non 
sono  infrequenti  scarti  superiori. 

Quando  non  sono  riportati  valori  “ottimi,’  significa  che  i  dati 
disponibili  non  sono  concordanti  tra  loro,  oppure  che  non  sono 
confermati.  In  molti  casi,  i  dati  di  questo  tipo  sono  riportati  solo 
sotto  forma  di  indicazioni  bibliografiehe. 


SOLIDS 


Cp, 

C  m 
or  A 

103B 

f,  or  Al,  °C 

Lit. 

Al 

23.4z 

18.4 

0-100 

(4,  9,  27,  28,  53,  56, 

26.0 

150 

76,  94) 

24.  56 

9.83 

200-300 

24.7 

11 

100-590 

(19) 

Ag 

26.  Il 

6.03 

0-961 

(19,  94) 

As 

24.2 

28 

(21) 

25.8 

M 

0-100 

(92);  cf.  (7) 

Au 

26.44 

4.92 

0-400 

(37,  72,  94) 

Cp, 

cm 

or  A 

103B 

O 

►1 

t> 

o 

o 

Au. — ( Cont’d ) 

25.4  5.6 

Higher  temps. 

20-850 
to  1060 

(73) 

(83,  94) 

B 

1.005 

M 

-253  to  -196 

(16) 

“Amorph.” 

3  22 

M 

-191  to  -78 

(40) 

“  Amorph.” 

7.60 

9.90 

Higher 

M 

33.1 

temps. 

—  74  to  0 
400-900 
to  230 

(40) 
(49.2) 
(51,  87) 

Ba 

20 

39.1 

M 

M 

-253  to  -196 
- 185  to  20 

(15,  16) 
(70) 

HEAT  CAPACITY  SOLID  AND  LIQl'ID  ELI  MINTS 


03 


I  cw 
cm 

or  A 

10  B 

t,  or  St,  °C 

Lit. 

Be 

0 . 52 

M 

—  253  to  — 196 

(16) 

Higher 

temps. 

to  300 

,34,  5  8,  59 

Bi 

25.  4i 

11.6 

25-200 

(36,  37,  76,  94) 

Higher  temps. 

to  250 

(83) 

C 

v.  p 

94 

Caa 

25.5 

M 

0-157 

(6,  10) 

25 . 5 

17.5 

100-400 

(19) 

CafJ 

27.7 

6.38 

400-600 

(19) 

Cd 

26.76 

11.0 

0-321 

(14,  22,  23,  27,  37, 

53,  69,  94) 

Ce 

26.3 

M 

0-100 

(32) 

30.0 

M 

20-100 

(33) 

Co 

15 . 65 

55.4 

-84  to  -34 

(76,  81) 

24.  40 

18.  2 

0-300 

(12,  16,  24,  76) 

22.5 

20 

0-950 

(94) 

27.3 

7.2 

1100-1470 

(94);tf.  (83) 

Cr 

22.4 

0 

(46,  70,  72,  76,  94  , 

23.  6 

50 

24.  46 

100 

25.  6 

200 

26.  6 

300 

28.  1 

400 

Higher  temps. 

to  1600 

(83,  94) 

Cs 

29.0 

15 

0-28 

(66) 

Cu 

24.  33 

6.  63 

0-500 

(30,  53,  72,  76) 

Higher  temps. 

to  1000 

(23,  43,67,83,94,95) 

Fe 

24.  51 

24.  6 

0-300 

(17,  29,  90,  94;  cy 

83) 

v.  Fig.  1 

to  1600 

cf.  (95) 

Ge 

24 

M 

0-440 

(59) 

Hg 

v.  p. 

113 

1 

27.84 

1.8 

(55) 

In 

27.4 

M 

0-100 

(to) 

Ir 

26.1 

M 

0-100 

(3,  85) 

Other  values 

- 186  to  1400 

(3,  85) 

K 

29 . 7s 

13.6 

(18) 

28  3 

4.7 

0-63 

(66) 

30.7 

M 

0-22 

(S) 

31.4 

M 

22-56 

(5) 

La 

26 

M 

0-100 

(32) 

Li 

23 

0 

(39,  42) 

31.7 

M 

0-100 

(6) 

Mg 

24.  46 

12.  7 

0-300 

(19,  72) 

25  1 

10.9 

100-615 

(19) 

Higher  temps. 

to  600 

(47,  76,  78) 

Mn 

0-1250 

(42,  78,  94) 

Mo 

5.7 

223 

(16) 

20.3 

M 

-188  to  +20 

(68) 

Other 

values 

0-1500 

(1  3,  78,  94) 

Na 

28  2 

0 

(39) 

27.1 

0 

(66) 

27.2* 

(11,  26) 

27. 6  f 

(26) 

28.6 

M 

0-20 

(5) 

28.4 

20.4 

(18) 

27.1 

45 

0-97 

(66) 

27.2 

27 

0-70 

(1  1,  26,  27,  28) 

22 . 5 

93 

70-97 

(1  1,  26,  27,  28) 

Ni 

26.34 

26.0 

0-200 

(72,  76) 

v.  Fig.  1 

to  1400 

(62,  76,  81,  82,  90, 

94);  Cf.  (79>  83,  95) 

Cooled  slowly.  ♦  Quenched. 


cm 

or  A 

lO’B 

t,  or  St,  °C 

Lit. 

Os 

25 

23 

(65) 

P,  red 

28.10 

58.2 

0-200 

(92) 

24.04 

9 

(21) 

White 

23.0i 

9 

(21) 

Black 

22 . 1 

30-100 

(45) 

26.6 

50- 1(M) 

(61) 

Pb 

26. 19 

10.4 

0-327 

(4,  27,  28,  37,  53,  8 

82) 

Pd 

8.5 

M 

-263  to  —196 

(16) 

23.1 

M 

- 188  to  +20 

(  68  , 

21 .9 

M 

—  186  to  —79 

(4) 

25.3 

M 

-79  to  +18 

(  4  1 

25.98 

9.04 

0-1260 

(85) 

26  i: 

18 

(37) 

27 . 56 

100 

(37) 

Pt 

26.  71 

6.46 

0-800 

(22,  37,  74,  80,  8 

82,  84,  91,  94) 

26.  89 

6.23 

300-1300 

(91 ) 
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Cm 
or  A 

10’B 

t,  or  At,  °C 

Lit. 

Rb 

28.3 

M 

20-35 

(i4) 

2S .  6s 

10.8 

0-39 

(66) 

32  5 

50 

(66) 

Rh 

25.0 

10-100 

(65) 

ltu 

26.0 

M 

0-100 

(10) 

S,  rhomb. 

23.0 

M 

0-35 

(55,  92) 

23.6 

M 

0-95 

(92) 

Monocl. 

24.0 

M 

0-38 

(5  5,  92) 

24.3 

M 

0-52 

(92) 

Sb 

26.  13  74.  6 

0-300 

(4,  68,  72,  76) 

Higher 

temps. 

to  630 

(38,  76,  94) 

Se 

25.6 

M 

22-62 

(7) 

Si 

20.  41 

16.  16* 

0-700 

(49) 

Sn 

26.  63 

17.  3 

0-100 

(4,  22,  45.1, 

72,  76) 

Higher  temps. 

to  500 

(83,  95) 

Grav 

24.5 

M 

8  to  13 

(H.5) 

White 

26.7 

M 

13  to  18 

(11.5) 

Ta 

21 

M 

-183  to  -78 

(77) 

24.3 

M 

-78  to  +14 

(77) 

25.1 

M 

14-100 

(77) 

Higher  temps. 

to  1400 

(63) 

Te 

25 . 5s 

3.7 

-182  to  +300 

(82) 

Th 

26.8 

M 

0-100 

(5  7) 

Ti 

16.5 

M 

-185  to  +20 

(6°) 

28.6 

15.6 

0-300 

(35) 

T1 

26 . 6 

+28 

(21) 

25.3 

M 

-180  to  +20 

(68) 

24.6 

M 

-190  to  -81.2 

(71) 

26.0 

M 

—  74  to  ±0 

(71) 

28.6e 

M 

17-100 

(64) 

27.9 

M 

20-100 

(IS) 

U 

M 

0-100 

(8,  64) 

V 

24.6 

M 

0-100 

(46) 

w 

26.1 

M 

17-97 

(13,  25) 

21.06 

6.5 

700-2500 

(93)  q.v.  for 

tional  Lit. 

(49-2) 

Zn 

26.  10 

11 

0-300 

(19,  27,  53,  72 

Higher  temps. 

to  400 

(8S) 

Zr 

25.5 

M 

0-100 

(50,  89) 

*  C  =  -9.15  X  10-*. 

C,  Graphite  (48>  73>  87) 

t,  °C  |  Cp  ||  t,  °C  |  Cp  || 

O 

O 

cP 

0 

7.  63 

90 

10.  8e 

180 

13.4a 

10 

8.  06 

100 

11. 15 

190 

13.  6s 

20 

8.39 

110 

11.43 

200 

13.  93 

30 

8.78 

120 

11.73 

210 

14.  16 

40 

9. 12 

130 

12.  04 

220 

14.  4a 

50 

9.  47 

140 

12.  3i 

230 

14.  66 

60 

9.82 

150 

12.  69 

240 

14.  88 

70 

10.  17 

160 

12.  8s 

250 

16.  ll 

80 

10.  49 

170 

13. 15 

The  determinations  by  Magnus  (49)  between  10  and  830°C  are 
represented  by  the  equation, 


C „  7.635  +  39.06  X  10- -  43.0a  X  lO"4*2  +  29.67  X  lO"9*3  - 

ll.Oi  X  10~l2P 

According  to  Worthing’s  determinations  (93),  Cp  =  19.5  + 
0.00351  in  the  range  900-2100°. 


Acheson  graphite  (*) 


t,  °C 

Cp 

t,  °C 

Cp 

26-76 

8.29 

35-900 

16.3 

26-280 

9.83 

40-925 

16.3 

25-490 

11.3 

48-1193 

17.6 

30-540 

11.7 

56-1450 

19.6 

30-750 

14.5 

For  natural  graphites,  coke,  charcoal,  etc.,  v.  (7>  15>  16>  31>  41 

73,  80,  84,  85,  87,  93). 


C,  Diamond  (48>  49>  56) 

New  determinations  between  500  and  900°  are  given  in  (49-5) 


t,  °C 

Cp 

1  t,  °C 

Cp 

1  t,  °C 

Cp 

0 

6.24 

350 

17.  06 

720 

21. 14 

10 

6.  66 

400 

17.  88 

740 

21.  24 

20 

6.  08 

450 

18.  58 

760 

21.  33 

30 

6.  50 

500 

19.  24 

780 

21.  41 

40 

6.  92 

520 

19.47 

800 

21.  48 

50 

7.34 

550 

19.  80 

820 

21.  64 

100 

9.  44 

600 

20.  26 

840 

21.  68 

200 

13.  60 

650 

20.  70 

860 

21.  69 

250 

300 

16.  01 

16. 14 

700 

21.04 

880 

21.  60 

LIQUIDS 

Almost  no  reliable  data  exist  on  the  specific  heats  of  liquid 
elements.  Some  of  the  data  found  in  the  literature  are  presented 
below. 


In  the  following  table  the  quantity  given  is  A  =  Cp  (solid)  —  Cr 
(liq.)  at  the  melting  point;  joules  per  gram  atom  per  deg.  C. 


Ele¬ 

ment 

A 

Lit. 

Ele¬ 

ment 

A 

Lit. 

Ele¬ 

ment 

A 

Lit. 

Ag 

2.9 

(83) 

Co 

1 . 5 

(94) 

Pb 

1.6 

(36) 

A1 

2. 5 

(83, 

—  8.6 

(83) 

0.47 

(83) 

9“) 

Cr 

11 

(83) 

Sb 

0.7 

(94) 

Au 

1 . 8 

(94) 

Cu 

1 . 8 

(9  4) 

-3.7 

(83) 

8.2 

(83) 

4.2 

(83) 

Sn 

3.1 

(94) 

Bi 

0.2 

(94) 

Fe 

15 

(94) 

2.3 

(36) 

1.5 

(36, 

-8.1 

(83) 

11.1 

(83) 

83) 

Ni 

-1.0 

(94) 

Zn 

1.2 

(94) 

Cd 

6.9 

(9  4) 

-9.2 

(83) 

-3.0 

(36) 

0.4 

(83) 

Pb 

1.2 

(94) 

-3.8 

(83) 

Br,  Cp  =  35.8,  1  to  45°  (2). 

Cs,  Cp  =  33.6  -  0.0191,  M.  P.  to  100°  (66). 

Hg,  v.  p.  113. 

K,  Cp  =  23.2  +  0.1091,  M.  P.  to  100°  (66). 

Na,  Cp  =  31.1  at  100°  (26,  28,  39);  31.8  at  98°  (66);  33.4  at  98° 
(36).  Decreases  with  rising  temperature  (26>  28). 

Rb,  Cp  =  32.9  -  0.00934,  M.  P.  to  100°  (66). 

S,  Cp  =  28.2  +  0.02154,  100  to  390°  («).  For  “viscous”  S, 

v.  (52). 

LITERATURE 

(For  a  key  to  the  periodicals  see  end  of  volume) 

C1)  Acheson  Graphite  Co.,  Niagara  Falls,  N.  Y.,  0.  (2)  Andrews,  4.  1-  18;  47. 

(2)  Btkle,  427,  2  :  379;  55.  186,  22  :  473;  55.  (*)  Behn,  8,  1 :  257;  00.  (8) 

Bernini,  69,  10:  5;  05.  63,  7:  168;  06.  (6)  Bernini,  59,  12:  307;  06.  63, 

8:  150;  07.  (7)  Bettendorf  and  Willlner,  8,  133:  293;  68.  (8)  Bldmcke,  8, 

24:  263;  85.  (9)  Bontschew,  Diss.,  Ziirich,  1900. 

(10)  Bunsen,  8,  141:  1;  70.  (ll)  Cohen  and  Bruin,  64P,  17:  926;  15.  (11,5) 

Cohen  and  Dekker,  7,  127:  217;  27.  (*2)  Corbino,  22,  21  I:  188,  346;  12. 

11  Def&cqz  and  Guichur.l,  c.  24:  l  ni  14  I  >.  c,.\  56:  l."  ll 

(»5)  Dewar,  3 ,  44:  461;  72.  (*«)  Dewar,  6,  89:  158;  13.  (*7)  Durrer,  Diss., 

Aachen,  1915.  63,  19:  86;  18.  (l8)  Eastman  and  Rodebush,  2,  40:489; 

18.  (19)  Eastman,  Williams  and  Young,  1,  46:  1178;  24. 

(20)  Eok&rdt  and  Graefe,  93,  23:  378;  00  21  Ewald,  8,  44:  1213;  14  22l 

Gaede,  Diss.,  Freiburg,  1902.  63,  4 :  105;  02.  (28)  Glaser,  192 ,  1 :  103,  121; 

04.  (24)  Gobi,  Thesis,  Ztinch,  1911.  (2S)  Goodspeed  and  Smith,  93,  8: 


HEAT  CAPACITY— INORGANIC  CRYSTALLINE  COMPOUNDS.  1  TO  is 


207;  95.  (»•)  Griffiths,  5,  89:  561;  14  (27)  Griffiths  and  Griffiths,  5, 

M:  640;  13  <58.  913 :  1 1  ■<  n  <2»  ,  .  1  Griffiths,  5.  90  :  557;  14 

62,  214:  319;  14.  (29)  Marker,  .5,  10:  430;  05. 

(*•)  Harper,  S1A,  2  :  259;  15  (*»)  Heeht,  DU».,  Kflnigsberg,  1913  32 

Hillebrand,  8,  158:  71;  76.  (32)  Hirsch,  78,  20  :  57;  12.  t24)  Humpidge,  .5, 

35:  137;  83.  (3S,  Hunter  and  Jones,  Rensselaer  Polytec.  Inst.,  Rn,;  anl  Sci. 

Sfrit  ,  1 :  11;  11  (*•)  litaka,  159,8:99;  19.  (37)  Jaeger  and  Diesselhorst, 

I  •  .  .  53  :  1 80;  08.  (39  .  22  275;  06 

(40)  Koref  s,  36:  49;  1 1  (41  Kuna,  8,  14:  309;  04  .42  Laemmel, 

8,  16  :  551 ;  05.  (43)  Le  Verrier,  34.  114  :  907;  92.  (<<)  Levin  and  Sehottky, 

139,  10:  193;  13.  (4*)  Lewis  and  Kandall,  /,  33:  487;  11.  («»•»  Lorens, 

63,  5  :  383  ;  04.  (49-2)  Lorenz,  8,  13:  422,  582;  81.  (<«)  Machc,  75,  106  II: 

590;  97.  (42)  Magnus,  8,  31 :  597;  10.  Diss.,  Tubingen,  1910.  (<*)  Magnus, 
8,  48:  983;  15.  ( 4 9 )  Magnus,  8,  70:  303;  23.  (49-2,  Magnus  and  Danz, 

8,  81 :  407;  26.  (49-«)  Magnus  and  Hodler,  7,  110:  188;  24  .  8,  80  :  808;  26. 

(50)  Mister  and  Dana,  13,  169:  388;  73.  (51)  Moissan  and  Gautier,  116: 

924;  93.  6,  7:  568;  96.  (32)  Mondain-Monval,  34,  182:  58;  26.  (") 

Naecari,  83,  23  :  107;  88.  (34 )  Nernst,  8,  36 :  395;  1 1 .  (")  Nernst,  Koref 

and  Lindemann,  76',  1910:  247.  (56)  Nernst  and  Lindemann,  76,  1911 :  494. 

(57)  Nilson,  388,  40:  No.  1:  83.  25,  16:  153;  83.  34,  96:  346;  83.  (3«) 

Nilson  and  Pettersson,  588,  37 :  No.  6;  80.  25,  13  :  1451 ;  80.  34,  91 :  1680; 

80.  (")  Nilson  and  Pettersson,  7,  1:  27;  87. 


95 

(**)  Nordmeyer  and  Hernoulli,  88,  9  :  175;  07  (* 1 )  Person,  6,  21 :  295;  47  8, 

74:  4<I9.  509  19  .»2  Pi  nchon,  ..  102  :  675,  1454  ;  86  103:  1 1 22  86 

106:1311  8  B  6,11:  13  '7  43  Pirani,  66,  14:  1037;  12  (•«)  Regnault, 

6,  73 :  5;  1840.  8.  51 :  44  ,  213;  1840.  (•*)  Regnault  .63:5:61  M.121: 

237.  62.  6,  23:  103;  62.  («« .  Rengade,  34,  156:  1897;  13.  167:  1356;  13 

(47)  Richards,  7,  42:  617;  03.  (")  Richards  and  Jackson,  7,  70:  414,  10. 

(**)  Rodebush,  1,  45:  1413;  12. 

(70)  Rolls,  36,  44  I:  646;  14  (7  1)  Russell,  63.  13:  59.  12.  (71)  Schimpff,  7, 

71:  257;  10.  (73i  SohlApfer  and  Debrunner,  67,  7:  31;  24.  [74  Scblett, 

Diss.,  Marburg,  1907.  8,26:201:08.  (76  Schmitz.  5,  72 :  177:  03.  (7‘) 

SohObeL  S3,  87:  81;  14.  (77  Siemens,  SMS,  19:  593;  09.  (7*  St  .  ki 

114  II:  657;  05.  (79)  Sueksmith  and  Potter,  6,  112:  157;  26. 

(8°)  Terres  and  Sehaller,  587,  65  :  818,  832;  22  (• ' )  Tilden,  6,  71 :  220;  03.  62, 

201:  37;  03.  («2)  Tilden,  <.2,  203  :  1.39:  <>4  43  1  15 

(94l  VioUe,  34,  85  :  643  ;  77.  5.  4:  318;  77.  (•*)  Violle,  34,  87  :  981;  7s. 
(»•)  Voigt,  8,  49:  709;  93.  188,  1893:  211  <»7  W«  ber,  154:  367,  553; 

75.  5,49:161,276:75.  (*•)  Weber,  6^6,  28:  209;  78.  ("  Wedekind  and 

Lewis,  IS,  371 :  382;  10. 

(*°)  Weiss  and  Beck,  .5/,  7:  249;  08.  (•» )  White,  2,  12  :  436;  18.  (*2)  Wigand, 

8.  22:  64;  07.  (")  Worthing,  2,  12:  199;  18.  (94i  Wuat,  Meuthen  and 

Durrer,  Die  temp.  Wdrmeinhaltskurren  tier  terhnisrh  wicht i  ;rn  Metalle. 
Berlin,  Selbstverlag  Ver.  deut.  Ing.,  1918.  (")  Klinkhardt,  8,  84:  167  27. 


THE  HEAT  CAPACITY  OF  CHEMICAL  COMPOUNDS  IN  THE  CRYSTALLINE  STATE 

J.  H.  Awbery 

25-TABLE,  STANDARD  ARRANGEMENT  (Vol.  Ill,  p.  viii) 


U  =  Transition  temperature 


Substance 

t  or  At,  °C 

<>,  joule/g 

±  % 

Lit. 

Substance 

f  or  A/,  °C 

cP,  joule/g 

1  ±  % 

Lit. 

H?().  . 

-250 

0.151 

2.5 

(5,  1  2  5,  1  93, 

NH4I. — (Cont’d) .  . 

0 

0.464 

,  0.5 

-200 

0 . 653 

2 

1  94,  235, 

+  50 

0.494 

-  150 

1.030 

1 

236) 

(NH«)iSO« . 

-200 

0.335 

5 

(86,  1  25,  1  32, 

-100 

1.39 

1 

-150 

0.816 

137, 

-  80 

1.54 

1 

-100 

1.184 

2 

-  60 

1.68 

1 

0 

1.409 

0.5 

-  40 

1.82 

0.5 

(5,  10,  70, 

+  50 

1.443 

1 

-  20 

1.94 

0.5 

1  25,  1  93, 

PCI, . 

33 

0.85 

o 

(240,  7  4  1 

0 

2.06 

0.5 

194,  1  9S, 

AsjOa . 

-150 

0.230 

2 

(24.,  262  i 

229,  235, 

-100 

0.318 

i 

236,  244) 

0 

0.489 

ii.< ) 

-25 

1.97 

4 

(161, 

40 

0.509 

MCI,  HBr,  and  HI, 

r.  p.  86. 

AsCl, . 

56 

0.74 

2 

<240) 

SOi. .  . 

-185  to  -  103 

0.96 

(67) 

SbjOj. 

60 

0.301 

2 

(1  99,  240) 

HtflOg 

—  30 

1  00 

2 

(230,  232) 

—  1 50 

0  226 

i 

(240,  262) 

-20 

1.10 

-100 

0.295 

-10 

1.09 

-  50 

0.330 

0 

1.13 

0 

0.347 

HtStO? . . 

35 

0.64 

(•) 

+  50 

0.360 

NO 

V. 

p.  86 

100 

0.370 

N«0».  . 

-80  to  5 

1.00 

2 

(261) 

BisOs. . . 

50 

0.238 

2 

(1  1  2,  240) 

NHi . 

-  103  to  -  188 

2.1 

5 

(67) 

100 

0.248 

r.  also  p.  86 

200 

0.258 

NH.NO, 

-  150 

0.790 

1 

(26,  66,  322, 

300 

0.264 

-  100 

1.280 

0.5 

400 

0.268 

-  50 

1.526 

Bi,S, . 

50 

0.251 

2 

(1‘0) 

0 

1.661 

0.25 

CO . 

-260 

0  239 

i 

<") 

+  50 

1.735 

-240 

0.705 

0.25 

100 

1.790 

-220 

1.746 

NH,C1 . 

-250 

0.041 

1 

(2*2);  cf 

-2131’ 

-225 

0.287 

(48,  67,  S6, 

-212 

1  792 

0.25 

-200 

0.506 

1  37,  1  99) 

-206 

1.911 

-  150 

0.824 

CO, . 

-260 

0  046 

8 

(67,  62,1  60) 

-100 

1.100 

0.5 

-250 

0  153 

6 

-  80 

1.217 

-225 

0.52 

4 

-  30  U 

-  200  to  -  75 

I.660  +  0.004  Kt 

3 

-  20 

1.460 

C,N, . 

-  188  to  78 

0.70 

6 

(••) 

0 

1.496 

For  other  C-C 

ompoundo,  r.  p.  101 

+  50 

1.63 

1 

SiOt . 

*.  p 

105 

NH.CU . 

185 

1.96 

3 

(2  6  4) 

SiCL . 

-  200  to  -  80 

0.990  +  0.00278 1 

1 

(.‘1, 

185 

1.42 

3 

(  2  6  4 ) 

-240 

<0.001 

NH.Br 

-140 

0.547 

0.5 

(•*) 

-220 

0  0092 

8 

-100 

0.728 

1 

-200 

0  044 

-  60 

0.800 

- 100 

0  341 

i 

(60,  100, 

-  20 

0.854 

0 

0  00 

171,1  00, 

+  20 

0.879 

+100 

0  81 

i 

102,  212) 

60 

0.888 

200 

0  96 

NH«I . 

-150 

0.406 

1 

(*•) 

400 

1.09 

3 

-100 

0.431 

600 

1.17 
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Substance 


SiC. — (Coni' d) 


TiOa. 

TiCh 


GeOj . 

ZrOj.SiOs,  Zircon 

ZrOa . 

SnOa  . 

SnCU . 

SnCL . 


SnS. 

SnSa 

PbO 


PbOa 


PbFa 

PbCla 


PbBra 


Pbls 


PbS 


PbSO< . 

PbSiOj . 

Pb(NO»)» . 

2PbCla.NH.Cl 

PbPjOj . 

PbjAssO» . 

PbCOa . 

PbSiOa . 

TUOa . 


,r  M.  °C  | 

rp,  joule/g 

±  %  1 

Lit. 

Substance 

800 

1  23 

ThOa. —  (Coni' d ).  ■  \ 

900 

1  24 

to  500 

0.703  +  0  0004561 

3 

(203,  240) 

ThCl . 

-200 

0 . 394 

0.5 

(1  43,  240) 

Th(SOi); . 

—  175 

0.353 

111203 . 

-  150 

0.624 

TIC!  . 

-  100 

0.717 

—  25 

0 . 739 

50 

0.54 

2 

(2°3) 

36 

0 . 55 

2 

(1  37,  204) 

to  1500 

0.433  +  0. 0002081 

2 

(44,  202) 

45 

0.376 

2 

(1  37,  240) 

60 

0.427 

2 

(240) 

-200 

0.314 

0.5 

(1  43,  240, 

-  150 

0.428 

24  1) 

TIBr . 

-  100 

0.482 

TICGH2N3O7 

-  50 

0 . 529 

picrate  (red) . 

56 

0.351 

2 

(240) 

(yellow) . 

54 

0.50 

2 

(240, 

ZnO . 

-250 

0.0313 

1 

(1  37,  1  70, 

-200 

0. 1012 

1  98,  240, 

-  150 

0.139 

262,  299) 

-  100 

0.166 

-  50 

0.188 

0 

0.202 

+  50 

0.213 

100 

0.218 

200 

0.222 

- 150 

0.151 

2 

(2  1  5,  262) 

ZnCh . 

-  50 

0.232 

ZnS,  Sphalerite . 

0 

0.259 

+  50 

0.272 

9 

0.301 

2 

(271) 

-260 

0 . 0238 

3 

(48,  78,  82, 

ZnS . 

-240 

0.0970 

2 

98,  1  47, 

-220 

0.1568 

1  69,  1  94, 

-200 

0 . 1920 

1 

271) 

-150 

0.2271 

0.5 

-100 

0.2497 

0 

0.2718 

0.2 

+  100 

0.2848 

0.5 

200 

0 . 2948 

300 

0.310 

1 

400 

0.335 

3 

-  150 

0. 107 

10 

(1  3,  78,  98, 

ZnSO. . 

-  50 

0. 187 

3 

240,  271) 

ZnSO.-HaO . 1 

0 

0.210 

1 

ZnSO.MHaO . 

+  50 

0.222 

ZnS0«.7H20 . 

100 

0.227 

200 

0.230 

400 

0.235 

-250 

0.0706 

1 

(198) 

-225 

0. 1205 

-200 

0. 1380 

0.5 

(1  3,  78,  1  38, 

Zn(N03)a.6H20,  .  ,  . 

-150 

0.1531 

1  69,  1  98, 

ZnCO.. . 

-  100 

0.1627 

240,  271) 

Zn(CaHaOa)a . 

0 

0.1744 

Zn(CaHaOa)2.3HaO.. 

+  100 

0. 183 

i 

2CdCla.5HaO . 

200 

0. 197 

(MS . 

250 

0.204 

-220 

0.118 

5 

(39,  76,  1  1  7, 

-200 

0. 144 

2 

1  32,  147, 

-  150 

0. 176 

1  99,  240, 

3CdSO«.8HaO . 

-100 

0.194 

1 

255,  287, 

-  50 

0.205 

299) 

0 

0.210 

+  100 

0.214 

2 

200 

0.217 

400 

0.227 

4 

Cd(NOa)a.4HaO - 

450 

0.233 

6 

HgO . 

45 

0.351 

3 

(1  37,  240) 

58 

0.384 

2 

(217) 

45 

0.481 

i 

(1  37,  1  99) 

10 

0.362 

i 

(48) 

55 

0.343 

2 

(240) 

55 

0.305 

2 

(240) 

HgCl . 

32 

0.335 

2 

(137) 

60 

0.326 

1 

(274) 

-  150 

0. 128 

i 

(67,  202, 

-100 

0. 175 

262) 

-  50 

0.212 

t  or  At,  °C  1 
0 

+  50 
30 
50 
50 
-250 
-230 
-200 

-  150 

—  100 

0 

+  100 
200 
400 
390 

10 

10 

-200 

-100 

0 

+  100 
200 
400 
600 
800 
1000 
1200 
60 

-260 

-240 

-220 

-200 

-260 

-240 

-220 

-200 

-175 

-150 

-100 

0 

+  100 
200 
400 
50 
9 
9 

-250 

-200 

-150 

-100 

0 

+  50 
30 

0  to  260 
45 
85 

-200  to  20 
-150 
-  100 
0 

+  50 
-200 
-150 
-100 

-  50 

0 

+  20 
40 
-250 
-225 
-200 
-100 
0 

+  50 
-250 
-200 

-  150 

-  100 

0 

50 


Cj>,  joule/g  |  ±  %  I 


0.239 

0.246 

1 .70 

3 

0.41 

2 

0.338 

2 

0 . 056 

2 

0.1280 

0.5 

0.1677 

0. 1931 

0.2047 

0.2175 

0 . 227 

0.233 

1 

0.242 

2 

0.220 

2 

0.573 

1 

0.560 

1 

0.155 

3 

0.35 

0.477 

1 

0.541 

0.577 

O.62 

2 

0.64 

0.6e 

0.68 

0 . 69 

0.57 

2 

0.0088 

5 

0.0790 

0.5 

0.  155 

0.202 

2 

0.029 

3 

0.253 

0.5 

0.386 

0.430 

1 

0.453 

0.464 

0.477 

2 

0.486 

0.493 

0.502 

0.510 

0.73 

2 

0.81 

2 

1.25 

2 

0.063 

3 

0.409 

1 

0.738 

0.5 

0.960 

1.346 

0.25 

1.437 

0.5 

1.33 

1 

593  +  0.0al93( 

3 

1.13 

2 

1.71 

2 

019  +  0.003501 

4 

0.227 

0.5 

0.301 

0.369 

0.386 

0.259 

5 

0.481 

10 

Lit. 


(57) 

(202) 

(202) 

(98,  238, 
262) 


(97) 


(48) 

(48) 

(64,  170, 
173,  240) 


(240) 

(106) 


(106,  1  17, 
132,  137, 
147,  199, 
2  4  0) 


(216) 

(256) 

(256) 

(58,  88,  125, 
137,  216, 
235,  236, 
256,  270, 
271) 

(254) 

(147) 

(114) 

(114) 

(277) 

(262) 


(58,  59,  124, 
1  25,  277) 


0.636 
0.749 
0.816 
0.836 
1.09 
0 . 0347 
0.0820 
0.1087 
0. 165 
0.203 
0.218 
0.0556 
0.1430 
0.1740 
0.1892 
0 . 2087 
0.2141 


4 

2 

0.5 

1 

1 

0.5 


(254) 

(1  06,  137, 
240,  262) 


0.5  (48,  82,  169, 

235,  236, 

0.25  J4°) 

|  0.25 
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Substance 

t  or  At,  °C 

cP,  joule/g 

±  % 

Lit. 

HgCli . 

-  1.50 

0 . 203 

1 

(86,  1  37, 

-  100 

0.235 

0.5 

240) 

-  50 

0.257 

0 

0.268 

+  100 

0.280 

HgBn . 

100 

0.217 

3 

(109) 

Hgl . 

-  120  to  +100 

0  149$  +  0  0.651 

2 

(86,  240) 

Hgl,  (red) . 

- 160 

0.147 

i 

(1  3,  86,  1  08, 

-100 

0. 159 

0.5 

1  09,  240) 

0 

0.  169 

+  50 

0.  173 

100 

0. 173 

(yellow) . 

206 

0  167 

10 

(1  08,  1  09) 

HgS . 

-  150 

0. 135 

• 

(1  37,  240, 

-  100 

0.178 

0.5 

2  62) 

-  50 

0.200 

0 

0.2116 

0.25 

+  50 

0.2175 

100 

0.2187 

HgtSO. . 

-250 

0.0452 

1 

(58,  235, 

-200 

0. 1087 

0.5 

236,  270, 

-150 

0.1713 

0.25 

271  ) 

-  100 

0 . 2032 

0 

0.2580 

+  50 

0.2844 

0.25 

Hg(CN), . 

29 

0.42 

3 

(137) 

CuO . 

-200 

0. 144 

0.25 

(1  37,  1  69, 

-  100 

0.376 

240,  262) 

0 

0.523 

+  100 

0.602 

200 

0.648 

400 

0.669 

600 

0.677 

CutO . 

0 

0.460 

1 

(1  37,  1  69) 

100 

0.485 

200 

0.506 

300 

0.523 

400 

0.535 

CuCI2 . 

58 

0.58 

2 

(240) 

Cul . 

-260 

0.0226 

0.25 

(86,  240, 

-230 

0.1217 

2S2) 

-200 

0.1907 

-150 

0 . 2350 

-100 

0.2543 

-  50 

0.2668 

0 

0 . 2752 

+  50 

0.2810 

CuS . 

-150 

0.32 

6 

(39,  262) 

-  75 

0.43 

4 

0 

0.54 

2 

+  100 

0.63 

200 

0.72 

4 

300 

0.67 

5 

400 

0.61 

6 

.500 

0.56 

o 

600 

0.52 

5 

800 

0.48 

5 

Cu«S . 

0  to  100 

0.449  +  0.001101 

2 

(24,  240) 

104U 

190 

0.61 

2 

(24> 

CuSOi . 

-150 

0.328 

0.5 

(86,  1  25, 

-  50 

0.537 

195,  2  16, 

0 

0.618 

270,  279) 

+  50 

0.694 

CuSO«.HtO . 

-150 

0.396 

0.5 

(86,  1  95,  270 

-  .50 

0.617 

279) 

0 

0.719 

+  50 

0.798 

CuSO<3H  jO . 

9 

0.956 

(270) 

CuSOt.SHiO . 

-150 

0.848 

2 

(86,  1  2  5, 

-100 

0.790 

1  37,  240, 

-  50 

0.924 

270,  279, 

0 

1.058 

2.2) 

+  50 

1.2C0 

CuiSc . 

60 

0.437 

2 

(24) 

110U 

200 

0  437 

2 

CuSO«.(NH«),SO<.- 

6H»0 . 

-150 

0.85 

2 

(12.) 

-  75 

0.97 

0 

1.07 

Substance 

t  or  St,  °C 

r,.  joule  g 

Lit 

2CuO.COi.HiO, 

Malachite. .  .  . 

57 

0  74 

O 

(204) 

CuPbSbSi,  Hour- 

nonite . 

50 

0  31 

5 

(J7», 

Agd  . 

—  200 

0 . 037 

6 

(48,  67,  78 

-210 

0. 143 

o 

62,  66,  98 

-220 

0  231 

0.5 

1  69,  1  94, 

-  200 

0  265. 

1  98,  240) 

-  1(M) 

0  331 

0.25 

-  50 

0.351 

0 

0 . 355 

+  50 

0 . 379 

1(M) 

0 . 38Sa 

0.5 

200 

0 . 408 

300 

0.414 

1 

400 

0.421 

500 

0.423 

A«  Hr  . 

-  100 

0.261 

o 

(67,  98,  2  4 

-  50 

0.265 

0 

0.291 

i 

+  100 

0.307 

200 

0.312 

o 

400 

0.318 

Agl 

-260 

0 . 043 

4 

(25,  67,  86 

-240 

0.102 

*> 

1  36,  1  69, 

-220 

0.140 

1 

1  93,  1  94, 

-200 

0. 1706 

1  98,  240) 

-  150 

0.2028 

0.5 

-100 

0.2120 

-  50 

0.2175 

0.25 

0 

0.2292 

+  100 

0.248 

1 

AgiS  . 

-150 

0.  196 

1 

(24,  255, 

-100 

0.251 

278) 

0 

0.301 

+  50 

0.313 

100 

0.318 

150 

0.35 

AgtSe . 

37  to  187 

0  29 

3 

(2<> 

AgNOj . 

50 

0.61 

4 

(1  09,  2  40) 

160U 

178 

0.65 

(1  08,  1  09) 

192 

0.82 

4 

(95) 

AgiAsSa,  Proustite. 

50 

0.34 

3 

(275) 

AgaSbSj,  Pyrargy- 

rite . 

50 

0.32 

3 

(275) 

AgCN . 

-  150  to  20 

0.586  +  0 . 002301 

2 

(65) 

AgCNO . 

40 

0.52 

2 

(2  1  1 ) 

(AgCNO), . 

40 

0.410 

2 

(211) 

Agl.Pbli . 

50  to  250 

0.182  +  0.0001141 

2 

(25) 

Aul . 

-100 

0. 148 

2 

(ISO) 

-  50 

0. 157 

i 

0 

0. 169 

+  50 

0. 181 

MnO . 

58 

0.66 

2 

(1  J7) 

MnOi . 

-150 

0  355 

1 

(1  37,  262) 

-  100 

0.480 

0.5 

-  50 

0.573 

0 

0.636 

+  50 

0.682 

100 

0.703 

1 

MmO, . 

58 

0.68 

2 

(204) 

MniOa.3HjO . 

38 

0.74 

2 

(12T) 

MnS . 

60 

0.58 

2 

(270) 

MnSOi  . 

61 

0  76 

•> 

(21$) 

MnSO,.5IItO . 

32 

1.35 

2 

(!  JT) 

Mn(NOi)i.6HiO...  . 

47 

1  56 

o 

(254) 

FejOi . 

-180 

0  171 

2 

(80,  2X0, 

-100 

0. 41o 

240,  262) 

0 

0.619 

+  100 

0.76 

200 

0  85 

300 

0  94 

350 

0  98 

360 

V 

370 

1  06 

400 

1  10 

500 

1.23 

600 

1.36 

700 

1.49 

98 


INTERNATIONAL  CRITICAL  TABLES 


Substance 

1  or  M,  °C 

rP,  joule  k 

±  % 

Lit. 

Substance 

1  or  Al,  °C  j 

cp,  joule/g  |  ±  %  | 

Lit. 

2FetO».3H 2O,  Limo- 

BN.  . 

200 

1.46 

2 

(172) 

nite . 

60 

0 . 94 

2 

(132) 

400 

1 .80 

FC1O4  . 

-  200 

0  14 

10 

(220,  240, 

600 

2 . 06 

4 

-  1 00 

0.45 

5 

314) 

800 

2.28 

0 

0.63 

900 

2.36 

+  100 

0.75 

AUOa,  Corundum, 

200 

0.85 

sapphire,  etc . 

-200 

0 . 060 

1 

(60,  85,  1  32 

300 

0.93 

-150 

0 . 225 

202,  220, 

400 

1 , 00 

-100 

0.415 

234,  240 

500 

1.07 

-  50 

0.598 

262,  311) 

550 

1.11 

0 

0  73 

FeS . 

0  to  700 

0 . 567  +  0 . 000651 

2 

(39,  240) 

+  50 

0.83 

3 

—  280 

0.0042 

3 

(8  5,  86,  1  1  7, 

100 

0.89 

5 

-225 

0.0197 

2 

1  32,  1  37, 

200 

0.97 

-200 

0 . 075 

1  38,  1  99, 

400 

1.07 

-  150 

0.222 

1 

240,  299) 

600 

1.12 

-  100 

0  352 

0.5 

800 

1.15 

-  50 

0.483 

1000 

1.17 

0 

0.493 

Al(OH)a . 

-200 

0.146 

1 

(1  32,  202, 

+  50 

0 . 535 

-  100 

0.433 

1 

234,  240, 

100 

0 . 569 

1 

0 

0.740 

0.5 

2  62,  3  1  1  ) 

150 

0.615 

1.5 

+  50 

0.845 

FejSs,  Magnetic 

100 

0.899 

pyri  tes . 

0 

0.594 

2 

(117,  147, 

200 

0.962 

1 

100 

0.657 

1  99) 

300 

0.995 

200 

0.77 

3 

400 

1.012 

2 

300 

0.96 

600 

1.029 

350 

1.11 

4 

800 

1.034 

3 

FeSO. . 

45 

0.70 

3 

(202) 

900 

1  096 

4 

FeS04.4H20 . 

9 

1  19 

2 

(2S6) 

1000 

1.150 

6 

FeSO,  7H-0 . 

-  150 

0 . 67 

2 

(1  25,  1  37, 

1100 

1.255 

6 

-  100 

0.90 

256) 

AlFa . 

35 

0.96 

2 

(22) 

-  50 

1.12 

1 

2AlFa.7H20 . 

35 

1.43 

2 

(22) 

0 

1.36 

AlCla  (a) . 

93 

1.96 

2 

(264) 

+  10 

1.41 

(0) . 

0 

0.82 

2 

(22, 264) 

FeAsS . 

55 

0.47 

10 

(204,  278) 

100 

1.52 

FeAs2 . 

50 

0.36 

3 

(2  7  8) 

AICI3.6H2O . 

35 

1.31 

2 

FeCOa . 

54 

0.81 

2 

(240) 

AICI3.6NH3 . 

-  4 

1.67 

2 

(22) 

Fes(SiOa)  a . 

59 

0.80 

2 

(3  05) 

Al2(S04)a . 

50 

0.77 

2 

(202) 

FeCuSa,  Chaleo- 

Al2(S0,)a.l7H20...  . 

34 

1.48 

1 

(22) 

pvritc . 

48 

0.54 

2 

(1  32,  1  37, 

AI2C12O12.I8H2O, 

204) 

Mellite . 

52 

1.39 

2 

(16) 

FeCuaSa . 

48 

0.49 

2 

(278) 

AUSiOs,  v.  p.  101. 

CoSO,  7H  aO . 

48 

1.43 

2 

(137) 

2(AlF)0.Si02, 

Co(NOa)a.6HjO.  .  .  . 

32 

1.56 

0.5 

(254) 

Topaz . 

52 

0.86 

1 

CoAsS,  Cobaltite  . 

58 

0.41 

2 

(204,  278) 

SC2O3 . 

-150  to  40 

0.701  +  0.002751 

1 

NiS . 

-  100 

0.372 

3 

(298) 

Y  20a . 

57 

0.468 

1 

(202) 

0 

0.485 

2 

La20a . 

50 

0.314 

2 

(202) 

+  100 

0.537 

La2(Mo04)i . 

15 

0.48 

2 

(S  5. 5) 

200 

0.577 

CeOa . 

-150 

0.177 

0.5 

(202,  262) 

225 

0.583 

-100 

0.251 

NiSO, . 

58 

0.90 

2 

(216) 

-  50 

O 

i 

NiSOt.eHjO . 

35 

1.31 

2 

(137) 

0 

0.364 

Ni(NOa)s.6H20 _ 

80 

1.98 

0.5 

(254) 

+  50 

0.397 

Ni(CO), . 

-78  to  -188 

0  69 

3 

(68) 

CeSOa . 

50 

0.49 

3 

50 

0  35 

3 

(278) 

CeS0,.5H20 . 

50 

0.84 

3 

(202) 

CrjOa 

—  200 

0  111 

2 

(1  37,  2  40, 

15 

0.53 

2 

(55.5) 

-100 

0.414 

1 

262) 

Ga20a . 

50 

0.44 

2 

(202) 

0 

0.703 

Er2C>3 . 

50 

0.272 

2 

(202) 

+  50 

0.790 

YbaOa . 

50 

0.272 

2 

(202) 

CrtCSOOs. . 

50 

0  72 

2 

(202) 

BeO . 

-200 

0.029 

3 

(106, 

Cr2(S0,)a.5H20. .  .  . 

50 

0.836 

2 

(202) 

-190 

0.043 

PbCrO, . 

35 

0.38 

2 

(137) 

-180 

0.065 

MoO, . 

54 

0.56 

2 

(240) 

+  50 

1.09 

2 

(172,  202) 

WO, . 

-150 

0.15 

2 

(240,  262) 

100 

1.25 

-100 

0.222 

1 

200 

1.47 

0 

0.311 

400 

1.76 

+  50 

0.348 

600 

1.93 

(202) 

3MnWOi.2FeWOa. . 

0  to  300 

0.41  +  0.000071 

3 

(147) 

800 

2.04 

u,o. . 

-150 

0.164 

i 

(262) 

900 

2.08 

-100 

0.206 

BeS04 . 

50 

0.83 

2 

(202) 

0 

0.281 

AhBeOa,  Chryso- 

+  50 

0.314 

beryl . 

50 

0.84 

3 

(202, 

CbiOj  . 

50  to  450 

0.423  +  0.000641 

2 

(201) 

Y2(MoO.)a . 

15 

0.87 

2 

(55.6) 

BjOj  (vitreous) . 

-  250  to  200 

0.805  +  0.002361 

3 

(86,  240, 

3BeO.Al2Oa.6SiO-, 

263) 

Beryl . 

57 

0.84 

2 

(132,  2o4) 

PbBjOa . 

57 

0  378 

2 

(240) 

MgO . 

-240 

0  0027 

3 

(106) 

PbBaOj . 

57 

0.47 

2 

(240) 

-220 

0.0146 

PbMoO. . 

15 

0.42 

2 

(55.5) 

-200 

0 . 066 

2 

PbWO, . 

15 

0.322 

2 

(55.5) 

-  180 

0.  157 

-150 

0.31* 

HEAT  CAPACITY— INORGANIC  CRYSTALLINE  COMPOI  NDS  43  TO  7<i 


99 


Substance 

(  <ir  A t.  °C 

cp,  joule/g 

±  % 

Lit. 

Substance* 

t  or  A/,  °C 

cr,  joule/g 

Lit. 

MgO. — ( Coni' d ). 

-  100 

0.54 

(1  70,  220, 

CaCY 

20-325 

0  92 

(2*0, 

-  50 

0.74 

240, 262 

20-500 

1  00 

0 

0.874 

20-725 

1  15 

+  .50 

0.97 

1 

CaCO»,  Aragonite.. 

-250 

0  0100 

o 

(*•*) 

1(M) 

1.02 

-200 

0  188 

i 

200 

1.09 

-  150 

0.410 

7 

(137,  1  9  S) 

•100 

1.16 

-  100 

0  586 

600 

1.22 

-  50 

0  698 

800 

1.28 

0 

0  787 

2 

(4  8,  I  06,  I  3 

1000 

1.35 

3 

+  50 

0  853 

1  37,  1  4  7, 

1500 

1.49 

5 

(311) 

100 

0  886 

1  99,  304, 

2000 

1.62 

200 

0.941 

2  4  0) 

2500 

1.7s 

10 

300 

0  979 

MgO.HaO,  Brucite.. 

35 

1.30 

2 

(137) 

CaCOi,  Spar . 

-250 

0  0088 

5 

(4  8,  4  9,  1  06 

MgClj . 

48 

0.81 

1 

(1  37,  240) 

-225 

0.0611 

3 

1  32,  1  38, 

MgCl2.fi  H2O . 

44 

1.58 

1 

(2  54) 

-200 

0.201 

2 

1  47,  1  70, 

MgSO. . 

61 

0.93 

1 

(2  1  6,  240) 

-  150 

0  452 

i 

204,  240) 

Mg8<  >«.H«0 

9 

1.00 

2 

(25.) 

- 100 

0  590 

MgS04.6H»0 . 

9 

1.46 

2 

(256) 

0 

0  763 

0.5 

.\tgSO4.7HsO . 

12 

1.51 

1 

(  1  37,  256) 

+100 

0  870 

MgCNOjJj.eHjO.. 

55 

3.71 

1 

(254) 

200 

0  962 

1 

MgCO, . 

25 

0.838 

0.5 

(184) 

400 

1.129 

Mg1Si4On.II  2O, 

CaCOi,  Marble.  .  .  . 

-250 

0  042 

2 

(113,  198, 

Talc . 

57 

0.87 

2 

(2°4) 

-200 

0.280 

I 

222,  240, 

OMgO.MgCl  2.- 

-100 

0.539 

297,  312) 

SBtOa,  Boracit© 

-  50 

0.790 

(hexahcdral). .  .  . 

-  50  to  350 

0.753  +  0 . 0025431 

4 

(140) 

0 

0.851 

(dodecahedral). .  . 

50 

0.90 

2 

(140) 

+  100 

0.897 

100 

1.00 

200 

0.918 

200 

1.22 

300 

0.928 

250 

1.37 

5 

Ca(HCOi)j, 

265U 

Formate . 

0  to  100 

0.994  +  0 . 000461 

2 

(tM, 

300 

1.69 

CaSiOj. 

-240 

0.011 

7 

(86,  1  38,  1  42, 

0 

0  72 

1 

(204,  316, 

-220 

0.053 

6 

1  70,  1  95, 

100 

0.816 

3  1  8) 

-200 

0.142 

2 

1  98,  220, 

200 

0 . 89o 

1 

-  150 

0.368 

311) 

400 

0.982 

-100 

0.54 

800 

1.08 

-  50 

0.66 

1200 

1.12 

0 

0.74 

1 

CaSiOs,  Pseudo- 

+  100 

0.82* 

wollastonite 

100  to  1300 

Leas  by  0.006  than 

(316,  318) 

200 

0.857 

YVolhistonite 

400 

O.882 

2 

CaMoOi 

15 

0.69 

2 

(55.  S) 

600 

0.91 

CaWOi . 

15 

0.43s 

2 

(  5  S.  S) 

800 

0.92 

4 

CaO.AljO»(SiOj)t, 

1000 

0.94 

Anorthite . 

0 

0.73 

2 

(204,  318) 

1200 

0.95 

100 

0.86 

Call, . 

-210 

0.141 

3 

(106) 

200 

0.95 

-200 

0.195 

400 

1.05 

-  180 

0.302 

600 

1.11 

Ca(OH). . 

-250 

0.029 

3 

(86,  1  38, 

800 

1.16 

-200 

0.205 

2 

198) 

1000 

1.20 

-  150 

0.510 

1 

CaO.MgO . 

25 

0.879 

0.5 

C"l 

-  100 

0.765 

0.5 

CaMg(CO>)» . 

16 

0.91 

2 

(1  37,  305) 

-  50 

0.949 

CaMg(SiOi)i, 

0 

1.087 

Diopside . 

50 

0.81 

0  5 

(316,  317, 

+  50 

1.204 

100 

0  87 

in, 

CaF, . 

-250 

0.0117 

4 

(8  5,  1  32, 

200 

0.95 

-200 

0.218 

3 

1  37,  1  38, 

300 

1  02 

1 

-  150 

0.470 

0.5 

1  99,  240) 

400 

1.07 

-100 

0.640 

0.25 

600 

1.12 

-  50 

0.803 

800 

1.17 

0 

0.854 

1000 

1  19 

+  40 

0.887 

1200 

1.20 

80 

0.907 

1300 

1  20 

CuCl- 

61 

0 . 686 

2 

(240) 

SrCli . 

58 

0  50 

2 

(240) 

r„ri.  tui-o 

— 150 

0  91 

5 

(67,  228) 

48 

0.60 

2 

(1  37,  240) 

-  75 

1.18 

4 

Sr(NO.)» . 

32 

0  76 

2 

(' IT) 

0 

1  34 

SrCOj . 

54 

0  61 

2 

(240) 

CaSOi.2Ht( ) . 

9 

1.14 

1 

C4) 

SrMoO, . 

15 

0.62 

2 

(*..») 

CaSO« . 

0  to  400 

0.7084  +  0 . 0006091 

1  to  3 

(1  37,  1  47, 

BaClj 

0  to  100 

0 . 3567  4-  0  000385/ 

i 

(1  37,  340, 

240,  31  2) 

270, 271 ) 

CaS04.2H>0. 

36 

111 

1 

(1  32,  1  37, 

BaCli.HtO  . 

0 

0  52 

(270, 271) 

199,  3  1  2) 

BaCli.2H  jO. 

0  to  50 

0  5872  -f  0 . 0032871 

2 

(1  37,  270, 

Ca(POi)t . 

-260 

0  00530 

0  5 

(106, 

27!) 

-240 

0.01212 

Ba(CIO.)>.H«0. . , . 

32 

0  66 

2 

("') 

-220 

0.0432 

BaSO. 

0  to  1000 

0. 4650  +  O.OOOUOf 

2  to  4 

(132,  1  17, 

-200 

0  1018 

1  43,  1  47, 

-100 

0  563 

10 

(106,  240) 

1  90,  240) 

0 

0  795 

6 

BaSjOi  . 

58 

0  68 

3 

(nr) 

+  50 

0.828 

•> 

Ba(NOa)> . 

47 

0  62 

(127,  2  40) 

100 


INTERNATIONAL  CRITICAL  TABLES 


Substance 
BaCOa . 


BaCOj,  YVitherite 


Ba(CHOs)  2, 
Formate. 
BaMoOt. 
LiH . 


Li  OH 


LiF . 

LiCI . 

LiaSaOa . 

LiNOa . 

LijO.AlsOa.4SiOj, 
Spodumene. .  . . 
LiaO.AlaOa.SSiOa, 

Petalite . 

NaF . 


NaCl 


NaBr 


Nal .  .  .  . 


NasSOt 


NajSsOj . 

NajSsOj.SHjO 

NaNOa . 


NaPOa . 

NaaPaOa . 

NaaHPOa.7HjO. . .  . 


or  At,  °C  | 

cp,  joule/g 

±  % 

Lit. 

Substance 

t  or  At,  °C 

Cp,  joule/g  1  d 

o 

0.418 

2 

(1  32,  1  99, 

NaaHP04.12Hi0.  .  . 

-200 

0.50  2 

100 

0.460 

240) 

- 100 

1.12  1 

200 

0.485 

2 

0 

1.69 

400 

0.514 

+  50 

1.94 

600 

0 . 539 

3 

Na2CC>3 . 

45 

1.07  2 

800 

0.544 

NaHCOa,  Formate. 

46 

1.28  1 

800 

0.581 

3 

(142) 

NaCallaCH,  Acetate. 

38 

1.42  4 

000 

0 . 657 

NaC2H.1O2.3H7O  .  . 

0 

1.44  5 

1000 

0.673 

10 

1.72 

20 

1.98 

0  to  120 

o  572  4-  O.OOOGo* 

1  to  2 

(114, 

40 

2.52 

0.47 

2 

(55.5) 

NaCNO . 

40 

0.84  1 

-200 

0  341 

0.5 

(107) 

(NaCNO)a . 

40 

0.69 

-  ISO 

0.667 

NaaSOa.CuSOa.- 

-  160 

1.18 

2 

6H2O . 

-150 

0.437  j 

-  80 

3.06 

-100 

0.611 

0 

4.10 

0.5 

0 

0.824 

+  50 

4.48 

Na2Bz04 . 

57 

1.06 

-210 

0 . 079 

5 

(107) 

Na2B4Cb . 

45 

0.98 

-200 

0.119 

3 

Na2B4O7.10H2O. 

-  100 

0.164 

1 

Borax . 

35 

1.61 

-180 

0.224 

3NaF.AlFa, 

-  170 

0.295 

Cryolite . 

43 

1 . 054 

-  100 

0.88 

5 

Na20.Al203.6Si02, 

o 

1  37 

1 

Albite . 

-  50 

0.640 

+  50 

1.49 

0 

0.745 

10 

1.56 

1 

(49, 

+  100 

0.887 

1.18 

2 

(245) 

200 

0.991 

58 

0.385 

2 

(217, 

300 

1.058 

210 

1.62 

2 

(98, 

400 

1.096 

600 

1.154 

60 

0.90 

3 

(274) 

800 

1.200 

1000 

1.240 

58 

0.85 

2 

(204) 

3(NaAlSi3C>8)  ■+• 

-150 

0.675 

2 

(49,  1  38) 

2(CaAl2Si20a), 

-100 

0.886 

Andesine . 

0 

0.75 

-  50 

1.013 

0.25 

100 

0.86 

0 

1 . 080 

200 

0.95 

+  100 

1.167 

400 

1.08 

-250 

0.021 

10 

(49,  67,  1  38, 

600 

1.13 

-200 

0.466 

1 

1  46,  1  70, 

800 

1.17 

— 150 

0.657 

0.5 

194,  1  96, 

1000 

1  19 

-  100 

0  736 

1  97,  240, 

K2O2 . 

200  to  700 

0.833  +  0.0001161 

0 

0.853 

262) 

KF . 

-150 

0.602 

+  100 

0.908 

1 

-100 

0.727 

200 

0.924 

2 

-  50 

0.799 

400 

0.96 

4 

0 

0.831 

500 

0.97 

+  50 

0.853 

600 

0.99 

KC1 . 

-250 

0.069 

-  150 

0.408 

0.5 

(49,  138,  170, 

-200 

0.448 

-100 

0.450 

240,  272) 

-150 

0.588 

0 

0.492 

-100 

0.634 

+  100 

0.518 

1 

-  50 

0.664 

200 

0.527 

0 

0.680 

-150 

0.302 

1 

(49,  1  38,  240, 

+  100 

0.703 

-100 

0.324 

272) 

200 

0.721 

0 

0.347 

400 

0.749 

+  50 

0.355 

KClOa . 

-150 

0.500 

-200 

0.315 

0.5 

(86,  125,  240, 

-100 

0.644 

-150 

0 . 503 

272) 

0 

0.799 

-100 

0.654 

+  50 

0.857 

-  50 

0.770 

100 

0.970 

0 

0.846 

200 

1.238 

+  100 

0.919 

225 

1.355 

9 

0.92 

1 

(2  17,  271) 

KCIO4 . 

30 

0.79 

21 

1.45 

3 

(271,  303) 

KBr . 

-200 

0.3254 

-150 

0.627 

0.5 

(86,  98,  240 

-  100 

0 . 4027 

-  100 

0 . 807 

272) 

0 

0.435 

-  50 

0.937 

+  100 

0.452 

0 

1.035 

200 

0.460 

+  50 

1.129 

300 

0.463 

100 

1.23 

1 

KI . 

-140  to  80 

0.3124  +  0 . 000230/ 

200 

1.38 

2 

250 

1.50 

4 

K2SO4...  . 

-150 

0.473 

30 

0.91 

2 

(137) 

-100 

0.577 

50 

0.95 

2 

(240) 

0 

0.736 

-200 

0.50 

2 

(193,  195) 

+  100 

0.799 

-100 

1.03 

1 

KsSsOa . 

60 

0.82 

0 

1.47 

KHSO4 . 

35 

1.02 

+  50 

1.70 

KNO. . 

-150 

0.579 

-100 

0.740 

Lit. 

(1  93,  1  94, 
1  9  5,  2251 


(1  37,  240) 
(114,  2  12) 
(96,  212) 
(96) 


(211) 

(211) 

(125) 


(240) 

(1  37,  240) 

(137) 

(22,  132, 

1  37,  204) 
(204,  31  8) 


(204,  318) 


(49,  138) 


(49,  1  37,  1  38, 
146,  170, 

1  94,  1  96, 
197,  1  98, 
240,  262) 


(86,  98,  1  37, 
240) 


(137) 

(49,  86,  1  38, 
1  70,  1  94, 
240) 


(49,  1  38,  1  95 
240) 

(86,  1  25,  1  37 
2  4  0) 


(217) 

(137) 

(86,  98,  1  37, 
240) 


heat  capacity— organic  crystalline  COMPOUNDS 


111] 


Substance 

1  nr  St,  °C 

rp.  joule/g 

1  ±  % 

Lit. 

KNOj. — (Coni’d) . 

0 

0 . 895 

+  100 

1.004 

1 

200 

1117 

300 

1.22 

2 

. 

58 

0.80 

2 

(240) 

KH1PO4 . 

33 

0.87 

3 

(137) 

KAaOi . 

58 

0.65 

2 

(240) 

K  H2A8O4 . 

31 

0.73 

2 

(137, 

K,COi . 

47 

0.88 

1 

(1  37,  240) 

KiCjO,  11,0 . 

-  100 

0  70 

1.5 

(90,  1  37) 

-  60 

0.85 

-  20 

0.93 

+  20 

0.97 

KCjHiOj.  . 

20 

1.14 

2 

(114, 

40 

1  74 

60 

2.20 

80 

2.63 

IOO 

2.90 

KHjC.O,.2HjO . 

35 

1 . 18 

2 

(137) 

KW-CALO.) . 

10 

0.97 

1 

(43) 

K(d/-C.H,0«) . 

10 

0.98 

1 

(43, 

KjC.iMU . 

35 

1.07 

2 

(137) 

KiSnCL . 

35 

0.56 

2 

(137) 

KjZnCl, 

32 

0.64 

2 

(137) 

Kj8O4.ZnSO4.6HjO. 

-  150 

0.49 

2 

(125, 

-100 

0.65 

0 

0.81 

KjZn(CN)* . 

30 

1.01 

2 

(137) 

KiCuC14.2HjO . 

35 

0.82 

2 

(137) 

KiPtCU . 

30 

0.47 

2 

(137) 

KjFe(CN). . 

26 

0.97 

2 

(137) 

K.Fe(CN). . 

-200 

0.397 

3 

(1  93,  1  94, 

-150 

0.544 

1  95,  270, 

-  100 

0.694 

2 

271) 

0 

0.878 

1 

+  50 

0.941 

K4Fe(CN)..3H,0. 

-200 

0.464 

3 

(1  93,  1  94, 

-  150 

0.757 

1 

1  95,  270, 

-  100 

0.937 

0.5 

271) 

0 

1.118 

+  50 

1.192 

Kj8O4.NiSO4.6HjO 

31 

1.02 

2 

(137) 

KjCrO, . 

46 

0.78 

2 

(1  37,  240) 

KiCriOt . 

0  to  400 

0.746  +  0 . 0006021 

2 

(98,  1  37, 

240) 

KjS04.Crj(S04)j.- 

24HtO  . 

-  150 

0.81 

5 

(67,  1  37) 

-100 

0.92 

0 

1.08 

+  100 

1.23 

KjBjO, . 

57 

0.94 

2 

(240) 

K1B4O7 . 

57 

0.92 

2 

(240) 

KjSO4.A1,(804)..- 

24  H  jO . 

-250 

0.089 

1 

(22,  67,  1  98) 

-200 

0 . 560 

-  150 

0.862 

-100 

1.058 

0 

1 . 355 

+  50 

1.506 

Substance 

t  or  At,  °C 

rv,  joule  il 

Lit. 

KjO.A]jOi.68i( )?, 

Mieroclinc . 

0 

15  2* 

0.5 

(318, 

100 

17  9 

200 

19  7 

400 

22  3 

1 

800 

24  3 

1000 

24  8 

KjO.A1jOi.6SiO*, 

Orthoclase . 

100 

0  86 

1 

(204,  318) 

200 

0.92 

400 

1.03 

600 

1  11 

800 

1  14 

1000 

1  17 

1100 

I  19 

K1O.AljO3.6SiO*, 

Adular . 

0 

0.732 

(1  47,  1  99, 

100 

0  799 

2 

204,  274) 

200 

0  842 

300 

0.937 

400 

1  000 

Kjso4.Mgso4.6H,o 

35 

1  10 

2 

(137, 

KNaC.H  jOe+HjO. . 

35 

1.37 

2 

(137) 

RbF . 

10 

0.482 

1 

(49) 

HbCl 

10 

0.424 

i 

(49,  1  37, 

RbHr 

10 

0.311 

1 

(49) 

Rbl 

10 

0.243 

1 

(49) 

RbjOO, . 

33 

0.51 

5 

(137) 

CsF . 

10 

0.333 

1 

(49) 

tv  Cl . 

10 

0.312 

1 

(49) 

CsHr . 

10 

0.243 

1 

(49) 

Cal 

10 

0.200 

1 

14  9) 

Al2Si06,  Cp,  joule  g  ±2%  (60>  1  47.  20°) 


t,  °c 

Cyanite 

Andalusite 

Sillimanite 

-250 

0.002s 

0.012 

0.010 

-200 

0.0775 

0. 152 

0.133 

-150 

0.24  s 

0 . 33 1 

0.303 

-100 

0.42s 

0. 48i 

0 . 47o 

0 

0.70a 

0. 77o 

0.722 

+  100 

0.874 

0.954 

0.875 

200 

0 . 98.3 

1.07 

0.994 

300 

1 . 05o 

1.13 

1.07s 

400 

1.09s 

1.17 

1.125 

600 

1.16 

1.17 

1.16 

800 

1.19 

1.17 

1.17 

1000 

1.23 

1.17 

1.17 

1100 

1.24 

1.17b 

1.17 

1200 

1.25 

1.17s 

1.17 

*  Molecular  heat  number  of  atoms  in  molecule. 


(T-TABLE,  <Z- ARRANGEMENT  (v.  Vol.  Ill,  p.  viii 


Formula 

N  a  me 

f,  °C 

cP,  joule/g 

Lit. 

CCl, 

Carbon  tetrachloride . 

-240 

0.055 

5 

(143) 

-200 

0.340 

2 

-160 

0.55 

-120 

0.68 

-  80 

0.76 

-  40 

0.84 

CIIjN, 

Cvanamide . 

20 

2  29 

2 

(211) 

CH,0* 

Formic  acid . 

_  22 

1.62 

3 

(177) 

0 

1 .80 

CII4 

v.  p.  86. 

CHjNjO 

Urea . 

20 

1  34 

1 

(166) 

CjCl, 

Tetrachlorocthylene . 

—  40  to  0 

0  82S  +  0  (XH175 1 

3 

(24°) 

C,C1. 

Ilexachloroethane . 

25 

0  73 

2 

(137) 

CiIICljOj 

Trichloroacetic  acid . 

Bolid 

1.92 

3 

(233) 

102 


Formula 

cjfciTo; 

C2H204 

C4HS04.2H20 


c2h3cio2 

c2h3ci3o2 

c2h4n4 

c2h4o2 


c2h6o 


c2h6o2 

c3h  3N  303 

c3h3n3o3 

c3h4o4 

c3h6n6 

c3h*o 

c3h6o2 

c3h8o 


c3h8o3 


C4Hr,02 

C4H604 

c4h»o4 

c4h6o6 

c4h6o6.h2o 


c4h7ci3o2 

C4H,oO 

c4h  ,o04 

C„H804 

CEI1804 

c6h3n3o7 


CJLBrCl 

C{H4BrCl 

Cell.BrCl 


INTERNATIONAL  CRITICAL  TABLES 


Name 

Dichloroacetic  acid . 

Oxalic  acid . 

Oxalic  acid . 


Chloroacetic  acid . 

Chloral  hydrate . 

Dicyandiamidc 

Acetic  acid . 

Ethyl  alcohol  (crystalline) 


(vitreous) 


Glycol . 

Cyamelide . 

Cyanuric  acid . . . 
Malonic  acid 

Melamine . 

Acetone . 

Propionic  acid . . 
w-Propyl  alcohol 


Isopropyl  alcohol 
Glycerol . 


Crotonic  acid .... 

Succinic  acid . 

|  Dimethyl  oxalate 
j  Tartaric  acid 
Tartaric  acid.  .  .  . 


j  Chloral  alcoholate. 

|  Trimethyl  carbinol 

Erythritol . 

Glutaric  acid . 

Pyrotartaric  acid. . 
Picric  acid . 


o-Bromochlorobenzene . 
m-Bromochlorobenzene 
p-Bromochlorobenzene 


t,  °c 

cp,  joule/g  I  ±  % 

Lit. 

solid 

1.70 

2  ,  (5 

>33) 

-200  to  50 

1.084+  0.003191 

0.5  !  ( 

94,  195) 

-200 

0.489 

1  ( 

120, 194, 195) 

-100 

1.000 

0.5 

0 

1.414 

+  50 

1.61 

1 

100 

1.74 

60 

1.52 

2  ( 

233) 

32 

0.89 

1  (27,  258) 

0  to  204 

1.91 

1  (211) 

-200  to  +25  | 

1.382+  0.003361 

2  (68,  86,  92,  105, 

178,  219) 

-190 

0.970 

0.5  ( 

95) 

-180 

1.037 

-160 

1.179 

-140 

1.330 

-130 

1.572 

-190 

1.09 

1 

95) 

-180 

1.24 

-175 

1.59 

-170 

1.67 

-190  to  -40 

1.53  +  0.004591 

2 

(219,  306) 

40 

1.10 

2 

(211) 

40 

1.33 

2 

(2  1 1 ) 

20 

1.15 

2 

(120) 

40 

1.47 

2 

(2  1 1  ) 

-210  to  -80  ' 

2.26o  +  0 . 065sl 

2 

(219) 

-  33 

3.04 

2 

(177) 

-200 

0.71 

3 

(95) 

-175 

1.52 

-150 

1.97 

-130 

2.08 

-200  to  -160 

0.212  +  0.00691 

(2 1  9) 

-265 

0.038 

10 

( 93,  282,  283) 

-260 

0.090 

-250 

0.197 

-220 

0.355 

4 

-200 

0.48 

-100 

0.91 

2 

0 

1.38 

38  to  70 

2.178  -  0.0008251 

2 

(159) 

0  to  160 

1.039  +  0.00641 1 

2 

|  (114,  120) 

10  to  50 

0.887  +  0.01841 

2 

(0  4) 

36 

1.20 

2 

(137) 

-150 

0.468 

2 

j  (86,  137) 

-100 

0.711 

1 

-  50 

0.966 

0 

1.288 

0 . 5 

+  50 

1.53 

1 

78 

2.13 

2 

(32) 

-  4 

2.34 

2 

(92) 

60 

1.47 

3 

(151) 

20 

1.25 

2 

(120) 

20 

1.26 

2 

(120) 

-100 

0.690 

2 

,293) 

0 

1.004 

+  50 

1.100 

100 

1.243 

3 

120 

1.388 

-  34 

0.803 

1 

( 188,  189) 

-  52 

0 . 627 

1 

,  1 88,  189 

-  40 

0.629 

1 

,188, 189) 

0 

0.713 

+  40 

0.756 

60 

0.797 

HEAT  CAPACITY— ORGANIC  CRYSTALLINE  COMPOUNDS:  (  II  TO  CM i 
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Formula 

Name 

t,  °c 

r..  joule  K 

1  4-  °7 

Lit. 

C,H4BrI 

o-Bromoiodobenzene . 

—  50  to  0 

I  0.5970  +  0.001041 

1 

|  (188,  189) 

C.ILBrI 

m-Bromoiodobenzcne . 

—  75  to  — 15 

0  597 

1 

(188, 189 

C.ILBrl 

/>-  B  ro  moiodoben  zene . 

-40  to  50 

0.4859  +  0  00133< 

1 

(18  8,  1  89) 

C,H4Br2 

o-Dibromobenzene . 

-  36 

1.04 

o 

(188,  1  89) 

C,H4Br2 

m-Dibromobenzene . 

-  25 

0.50 

2 

(188,  18  91 

CeH  <Brj 

/>-Dibromobenzene . 

—  50  to  50 

0.582  +  0  0016* 

i 

(37,  188,  189) 

C,H4C12 

o-  Dichlorobenzene . 

-  48  5 

0.774 

2 

(  188,  189) 

C,H4C1, 

m-Dichlorobenzene . 

-  52 

0  778 

2 

(1  88,  1  89) 

C,H4C12 

p-  Dichlorobenzene . 

-50  to  53 

0.917  +  0.0086* 

o 

(188,  189) 

C,II4I2 

o-Diiodobenzene . 

-50  to  15 

0.456  +  0  0011* 

2 

(188,  189) 

C6H4Ij 

m-Diiodobenzene . 

—  52  to  —42 

0.42  +  0.001 1/ 

2 

(188,  189) 

C,H4Ij 

7>-Diiodobenzene . 

-50  to  80 

0.424  +  0.0012* 

2 

(1  88,  189) 

C»II4Nj04 

o- Dinitrobenzene . 

-  160  to  M.  P. 

1.054  +  0.00349* 

3 

(3,  4) 

C,H4Nj04 

m-  Dinitrobenzene . 

-160  to  M.  P. 

1  038  +  0.00322* 

3 

(3,  4, 

c,h4n1o4 

p-Dinitrobenzene . 

119  to  M.  P. 

1.083  +  0 . 0024* 

2 

(<> 

C6II402 

Quinone . 

-250 

0.130 

3 

i (34, 141) 

-225 

0.343 

-200 

0.473 

-150  to  M.  P. 

1.182  +  0.0034s* 

3 

CsILBrO 

Bromophenol . 

32 

1 . 10 

3 

(315) 

C.HJ 

Iodobenzene . 

40 

0.80 

2 

(224) 

C,HsNOi 

Nitrobenzene . 

10 

1.50 

20 

1.46 

40 

1.39 

60 

1.38 

80 

1.40 

100 

1.49 

120 

1.65 

C.H, 

Benzene,  cf.  p.  86 . 

-250 

0. 167 

5 

(4,  37,  38,  68, 

-225 

0.38 

162,  182,  194, 

-200 

0.52 

232,  265) 

-150 

0.71 

-100 

0.95 

-  50 

1.25 

0 

1.57 

c,h,n2o2 

o-Nitroaniline . 

-160  to  M.  P. 

1.12s  +  0.0038s* 

3 

(3-  “) 

c,h,n2o2 

m-Nitroaniline . 

-160  to  M.  P. 

1 . 15o  +  0.00396* 

3 

(3,  4) 

C,H,N,Oi 

p-Nitroaniline . 

-160  to  M.  P. 

1.15s  +  0.0041s* 

3 

(3,  4) 

c,h6o2 

o-Dihydroxybenzene . 

-163  to  M.  P. 

1.165  +  0.004 lot 

3 

(3,  4) 

C«H,Oi 

m-Dihydroxybenzene . 

-160  to  M.  P. 

1.12e  +  0.0049s* 

3 

(3,  4,  166) 

C6II602 

p-Dihydroxybenzene . 

-250 

0.  103 

10 

(3,  4,  141,  166) 

-240 

0. 160 

5 

-220 

0.255 

5 

-200 

0.339 

5 

-150  to  M.  P. 

1 . 12o  +  0.0039o* 

3 

C,H7N 

Aniline . 

3.1 

3 

(92) 

(CeH|0O()x 

Dextrin . 

0  to  90 

1.22  +  0 . 0040* 

2 

(167,  284) 

(  IflO  6 

Levoglucosane . 

40 

2.54 

3 

(211) 

CeII,20, 

Dextrose . 

-250 

0  0648 

3 

(166,  282) 

-200 

0.323 

1 

-100 

0 . 669 

0.5 

0 

1 . 159 

20 

1.257 

I  JIl20, 

Levulose . 

20 

1  15 

1 

(167) 

CtHuOi 

Dulcitol . 

20 

1  18 

2 

(166) 

C.HuO, 

Mannitol . 

0  to  100 

1.31  +  0  00106* 

i 

(137,  151,  167) 

c7h,cio2 

o-Chlorobenzoio  arid  . 

80  to  M.  P. 

0.953  +  0.00353* 

2 

(4 

CjILClOj 

m-Chlorobenzoic  acid . 

94  tO  M.  P. 

0.970  +  0  00305* 

2 

4) 

CjHiCIO, 

p-Chlorobenzoic  acid . 

180  to  M.  P. 

1  01 3  +  0  00232* 

2 

(4 

c7h»no4 

o- Nit roben zoic  acid . 

-163  to  M.  P. 

1.07s  +  0  00357* 

3 

(3, 

CtH»NO« 

wi-Nit robenzoie  acid . 

66  to  M.  P. 

1.079  +  0  0038s* 

3 

(3,  <) 

c7h,no4 

p-Nitrobenzoic  acid . 

-160  to  M.  P. 

1  03s  +  0  OQttH 

3 

(3,  4) 

!  04 
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Formula 

C;H;,.\.T+ 


Name 

Trinitrotoluene . 


C7II5N  8Os 


Tetryl . 


C711  &()2 

c7h7no2 

c7h7no2 

c7h7no2 

C7IE02 

c7h9n 


Benzoic  acid . 

o-Aminobenzoic  acid. 
m-Aminobenzoic  acid . 
77-Aminobenzoic  acid . 

Dimethylpyrone . 

/j-Toluidine . 


CgHeOi 

CsIENsOe 


Phthalic  acid . . 
Trinitroxylene . 


c8h8o2 

c8h8o, 

c8h8o2 

C8H  iiN  02 

c8h,6o2 

CioH7Br 

C10H7NO2 

CioH8 


o-Toluic  acid . 

m-Toluic  acid . 

p-Toluic  acid . 

Hydroxyacetanilide . 

Caprylic  acid . 

/3-Bro  monapht  halene 
Nitronaphthalene .  . 
Naphthalene . 


CioHsO 

C,„H80 

c10h8n 

c10h14o 

C 10E 1  6 

(-'loll  20O2 

c12H10 

C12H10N  2 
C12IL0O4 


a.-  Naphthol . 

/3-Naphthol . 

a-Naphthylamine 

Thymol . 

Camphene . 

Capric  acid . 

Diphenyl . 

Azobenzene . 

Quinhy  drone. 


c12h 

nN 

c12h 

14O4 

Ci2H 

22O11 

C 1  *H 

22On. 

H20 

Ci»H 

22( 111 

C12II 

22O1I 

c12h 

24O2 

Cull 

8N  80 

16 

Cull 

uO 

Diphenylamine . 

Apiol . 

Lactose . 

Lactose . 

Maltose . 

Sucrose . 

Laurie  acid . 

1  Tetryl  +  1  Picric  acid 
Benzophenone. . 


C13II10O3 

CmII802 

CmII.o 


Salol . 

Anthraquinone 
Anthracene. . . . 


C14H14 

C 1 4I I  2sO 2 

ChH3202 


Dibenzyl .... 
Myristic  acid 
Palmitic  acid 


*,  °C 

cp,  joule/g 

±%  | 

Lit. 

- 1 00 

0.71* 

5 

(75,  238,  293) 

-  50 

1.06 

0 

1.30 

+  100 

1.61 

8 

-100 

0.761* 

1 

(238,  293) 

-  50 

0.832 

0 

0.887 

+  100 

0.987 

20  to  M.  P. 

1.200  +  0 . 0021 0* 

2 

(4,  1  2  0  j 

85  to  M.  P. 

1.064  +  0. 00570/ 

5 

(4) 

120  to  M.  P. 

1.059  +  0 . 00512* 

5 

(4) 

128  to  M.  P. 

1.203  +  0.00368* 

5 

(4t 

50 

1.54 

2 

(237) 

0 

1.41 

5 

(20) 

20 

1.62 

2 

40 

1.84 

5 

20 

0.97 

2 

(120) 

-185  to  23 

1 .01  f 

2 

(238) 

20  to  50 

1 . 77  f 

5 

54  to  M.  P. 

1.160+  0.00504* 

3 

(4) 

54  to  M.  P. 

0.999  +  0.00818* 

3 

(4) 

130  to  M.  P. 

1.133  +  0.00443* 

3 

(4) 

41  to  M.  P. 

1.043  +  0 . 00646* 

(4) 

_  2 

2.63 

3 

(105) 

41 

1.09 

2 

(224) 

0  to  55 

0.989  +  0.0090* 

2 

(21,  55) 

-  130  to  M.  P. 

1.176  +  0.00464* 

5 

(4,  20,  37,  67, 

293) 

50  to  M.  P. 

1.004  +  0.00615* 

2 

(4) 

61  to  M.  P. 

1.056  +  0.00534* 

2 

(4) 

0  to  50 

1.13  +0.013* 

2 

(21,  55) 

0  to  49 

1.32  +0.013* 

3 

(19,  51) 

35 

1.59 

2 

(258) 

8 

2.91 

3 

(105) 

40 

1.61 

2 

(87) 

28 

1.38 

1 

(38,  87) 

-250 

0 . 0690 

1 

(141) 

-225 

0 . 2558 

-200 

0.410 

-100 

0.799 

0 

1.071 

26 

1.41 

2 

(20,  55) 

10 

1.25 

3 

(291) 

20 

1.20 

1 

(167) 

20 

1.25 

1 

(167) 

20 

1.34 

1 

(167) 

20 

1.25 

1 

(167) 

-  30  to  40 

1.80  +  0.000114* 

1 

(105,  177) 

-100  to  100 

1.06  +  0 . 0030* 

2 

(293) 

-150 

0.48 

5 

(195,  291) 

-100 

0.72 

3 

-  50 

0.92 

1 

0 

1.15 

+  20 

1.27 

32 

1.21 

1 

(55) 

0  to  270 

1.079  +  0.0029* 

1 

|  (121) 

50 

1.288 

0.5 

(121) 

100 

1.464 

150 

1.597 

28 

1.52 

1 

1  (38) 

0  to  35 

1.593  +  0.0228* 

2 

(105,  268,  2  15) 

-180 

0.70 

2 

(105,  219) 

-140 

0.87 

-100 

1.05 

*  There  is  serious  discrepancy  between  the  authors.  fMean  over  the  range. 
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Formula 

Name 

t,  °C 

c,„  joule  k 

Lit. 

C 1  ft  H  2O  2 

Palmitic  acid. — (Coat'd 

-  50 

1  2S 

- - 

0 

1 .60 

+  20 

1 . 80 

0 1  g  u  34 

Hexadecane . 

19 

2  07 

9 

(16) 

(  1 7 1 1  iiOi 

Betol . 

-150 

0.54 

2 

(193,  1  95) 

-100 

0  70 

0 

1  04 

+  50 

1 .29 

(  mil  agOj 

Stearic  acid . 

15 

1 . 67 

4 

(1  °5) 

CijHi* 

Triphcnylmethane. . . 

0  to  91 

0.791  +  0.01 14/ 

0  5 

l121) 

1  2lHui\  uO20 

1  Tetryl  +  2  TXT. 

-100 

0.72 

5 

(293) 

0 

1.17 

+  50 

1 . 36 

*  27  11  5)02 

Cerotic  acid . 

15 

1.62 

3 

1  1  05 

LITERATURE,  v.  p.  116. 


THERMAL  PROPERTIES  OF  SILICA 

Robert  B.  Sosman 


HEAT  CAPACITY  (2,  3,  4,  8,  9,  10,  11,  12,  14,  16,17,18,19,2  0,  21,  23,  24,  2  5,  2  6 


Values  of  cp  at  t,  °C,  Joule/ 

3 

Values 

OF  Cm  BETWEE! 

V  0  AND  t,  °C,  JOULE/O 

 t,  °C 

Quartz 

1  Cristobalite* 

Vitreous 

t,  °C 

Quartz 

|  Cristobalite* 

Vitreous 

255 

0.020o 

-250 

0 . 382 

0 . 399 

0.391 

-250 

0.0226 

0.0284 

0.0322 

-200 

454 

.470 

.460 

-243 

.0393 

,046  s 

0.053i 

-150 

.523 

.  539 

.527 

-233 

.  066 9 

,076i 

0.082s 

-100 

.588 

.602 

.  590 

-223 

.0983 

.  106 

0.112 

-  50 

.645 

.661 

.  646 

-200 

.171 

.  184 

0.181 

0 

.696 

.711 

.693 

-150 

.324 

.339 

0 . 332 

+  50 

.740 

.750 

.  730 

-100 

.  465 

.481 

0.472 

100 

.779 

.795 

.  773 

-  50 

.  590 

.006 

0.594 

150 

.815 

.  836 

.807 

0 

.  696 

.717 

0.693 

200 

.847 

.  888 

.836 

+  50 

.782 

.  790 

0.773 

225 

/  .  9 1 6 1 

100 

.854 

.882 

0.840 

\ .9371 

150 

.917 

.978 

0.899 

250 

.878 

949 

.861 

200 

.973 

1.095 

0.947 

300 

.905 

.  966 

.  886 

250 

1 . 022 

1.033 

0.988 

350 

.930 

.  978 

.  907 

300 

1  063 

1.049 

1.027 

400 

.953 

.991 

.  928 

350 

1 . 098 

1 .070 

1 . 060 

450 

.974 

1.003 

.949 

400 

1 . 129 

1.091 

1.088 

500 

.995 

1.018 

.  966 

450 

1  . 162 

1.112 

1 .112 

550 

1  019 

1 . 029 

983 

500 

550 

1.217 

1 .321 

1 . 133 

1 . 150 

1.131 

1.141 

573 

,  1  033t 

1 . 052 J 

573 

1 . 422(  ?) 

600 

1 . 055 

1  037 

.995 

6(H) 

1.133 

1  162 

1 . 150 

700 

1 .067 

1  058 

1 . 020 

700 

1 . 146 

1.187 

1.175 

800 

1 .077 

1.075 

1 .041 

800 

1 . 157 

1 . 208 

1.196 

900 

1 . 085 

1 .091 

1 .058 

900 

1.168 

1.221 

1.208 

1000 

1  094 

1.104 

1  075 

1000 

1.178 

1  225 

1.221 

1100 

1.103 

1.116 

1  087 

1100 

1.187 

1 . 230 

1 . 229 

1200 

1.110 

1.125 

1  100 

1200 

1.194 

1.237 

1.267 

1300 

1 .117 

1  133 

1  116 

1300 

1 . 202 

1.25 

1.321 

1400 

1.125 

1  141 

1  129 

1400 

1.212 

1.26 

1.371 

1500 

1.150 

1.150 

1500 

1.27 

1.417 

1600 

1.158 

1.166 

1600 

1.27 

1.447 

1700 

1.166 

1.183 

1700 

1.27 

1  472 

•  Made  at  1100°C.  t  Low  modification  t  High  n  odifi  itiuii 

*  Made  at  1 100°C 
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LATENT  HEATS  OF  TRANSFORMATION  (3>  13i  15>  16>  24>  25> 


Transformation 

t,  °C 

Heat  absorbed  at  1°, 
joule/g 

High-cristobalite — ‘liquid  (fusion) .... 

1710 

71 

High-quartz— ‘liquid  (fusion) 

1710* 

210 

Low-quartz— ‘high-quartz . 

Low-1  l()0°-cristobalite  —>  high-11000 

573 

10.5 

cristobalite  t . 

Low- 1 600 “-cristobalite  — » high-16000- 

230 

4.2 

cristobalite  f . 

270 

10.5 

*  This  temperature  is  not  the  melting  point  of  quartz;  it  is  selected  merely  for 
the  sake  of  the  comparison  with  cristobalite.  The  difference  in  heat  content 
between  quartz  and  liquid  or  vitreous  silica  at  any  other  temperature  can  be 
calculated  from  this  with  the  aid  of  the  heat  capacities. 

f  Cristobalites  made  at  different  temperatures  differ  in  inversion  point  and  in 
various  other  ways. 

LITERATURE 

(For  a  key  to  the  periodicals  see  end  of  volume) 

(l)  Barratt,  67,  27:  81;  15.  (2)  Bornemann  and  Hengstenberg,  187 ,  17:  313’ 

20.  (3)  Cohn,  38,  7:  359,  475,  5-18;  24.  (4)  Dieterici,  8,  16:  593;  05.  (5) 
Eueken,  8,  34:  185;  11.  («)  Eucken,  88,  13:  829;  11.  (7)  Griffiths  and 
Kaye,  6,  104:  71;  23.  (8)  Heinrichs,  Diss.,  Bonn,  1906.  (9)  Hildebrand, 

Duscha,  Foster  and  Beebe,  /,  39:  2293;  17. 

(io)  Joly,  6,  41:250;87.  (ll)  Koref,  8,  36  :  49;  11.  (12)  Magnus,  63,  14:5;  13. 


THERMAL  CONDUCTIVITY  (1,  5,  6,  7,  22) 


Values  of  103k;  unit  of  k,  joule  cm'3  sec  1  (°C  cm  *)  1 


t,  °c 

Quartz  ||  to 
axis 

Quartz  _L  to 
axis 

Vitreous 

-252 

284  s 

-250 

2135 

ca.  5.4 

-240 

85  s 

-200 

ca.  63  o 

276 

6.3 

-150 

31  o 

15i 

8.4 

-100 

218 

109 

10.5 

-  50 

167 

86 

12.5 

0 

134 

71 

14.2 

+  50 

107 

62 

15.9 

100 

88 

55 

ca.  19 

(13)  Mulert,  93,  75:  198;  12.  (»4)  Nernst,  8,  36 :  395;  11.  (15)  Neumann 

190B,  63A :  1;  26.  93,  145:  193;  25.  (1S)  Perrier  and  Roux,  Mim.  Soc. 

Sci.  Nat.  Vaudoise,  1:  109;  23.  (17)  Pionehon,  34,  106:  1344;  88.  (**) 

Schulz,  189,  1912  :  481.  (l  9)  Simon,  8,  68  :  241 ;  22. 

(Z0)  Sosman,  Properties  of  Silica.  New  Aork,  Chem.  Cat.  Co.,  1927.  (2D 

Stierlin,  248,  52:  382;  07.  (22)  Tuchschmid,  Diss.,  Zttrich,  1883.  (23) 

White,  12,  28:  334;  09.  (24)  White,  12,  47:  1;  19.  (2S)  Wietzel,  93,  116: 

71;  21.  (26)  Wietzel  and  Giinther,  93,  116:  88;  21. 


THE  HEAT  CAPACITY  OF  CHEMICAL  COMPOUNDS  IN  THE 

Howard  T.  Barnes 


A  value  in  the  cp  column 
represents  the  heat  capacity  in 
joules  per  gram  per  deg  C  under 
atmospheric  pressure  and  at  t° 
(or  the  mean  cp  over  At0); 
unless  the  value  is  enclosed  in 
parentheses,  in  which  case  it 
represents  merely  the  param¬ 
eter  Co  in  the  equation 

cp  =  c0  +  at  +  bt2  +  .  .  . 
which  equation  is  valid  over  the 
range  given. 


Une  valeur  mentionn^e  dans 
la  colonne  des  cp,  represente  la 
capacity  calorifique  en  joules 
par  gramme  et  par  degr6  C,  sous 
la  pression  atmosph6rique  et  k 
t°  (ou  la  valeur  moyenne  cp 
pour  St°),  a  moins  que  la 
valeur  ne  soit  comprise  entre 
parentheses,  auquel  cas  elle 
repr6sente  seulement  le  para- 
metre  Co  de  l’equation 
cP  =  c0  +  at  +  bf2  +  .  . 
cette  6quation  etant  valable 
pour  l’intervalle  donne. 


Ein  in  der  cp-Kolonne  stehen- 
der  Wert  bedeutet  den  Warme- 
inhalt  in  Joule  pro  Gramm  pro 
Grad  C,  unter  dem  Druek  1 
Atmosphare  bei  t°  (oder  das 
Mittel  cp  im  A  t°  Intervall). 
In  Klammer  gesetzte  Werte 
bedeuten,  dass  nur  etwa  der 
Parameter  c0  der  Gleichung 
cp  =  co  +  at  +  bf2  +  .  .  . 

vorliegt.  Diese  gilt  innerhalb 
des  angegebenen  Temperatur- 
bereiches. 


LIQUID  STATE 

1  valori  della  colonna  c, 
rappresentano  la  capacity 
termica  in  joules  per  ogni 
grammo  e  grado  centigrado  alia 
pressione  atm osf erica  e  a  t° 
(oppure  il  cp  medio  nell'  inter- 
vallo  At°).  I  valori  racchiusi 
tra  parentesi  rappresentano  sol- 
tanto  il  termine  Co  della  equa- 
zione 

cP  =  Co  +  at  +  bt2  +  .  .  . 
la  quale  6  valida  entro  i  limiti 
dati. 


-TABLE 


Substance 

1 

t  or  A t,  °C 

Cp, 

joule/g 

±% 

Lit. 

h2o . 

v.  p.  1 13 

h2o2 . 

o 

1 

00 

2.42 

2 

(161) 

HC1,  HBr,  HI . 

v.  p.  86 

IC1 . 

15-77 

0.661 

1 

(286) 

so. 

H2SCL . 

v.  p.  114 

h2s2o- . 

35 

1.4 

10 

(6) 

S2Cln . 

12-70 

0.921 

1 

(207) 

SOCl2 . 

17-60 

1.013 

1 

(208) 

S02C12 . 

15-63 

0 . 975 

1 

[208) 

NO . 

v.  p.  86 

NIL. . 

v.  p.  86,  114 

CO . 

v.  p.  86 

GO. . 

v.  p.  1 14 

SiO* . 

v.  p.  105 

Si  CL . 

12-50 

0.837 

1 

(205) 

(CIRLSiO, . 

23-115 

2 . 097 

0.5 

(134) 

TiCL . 

13-99 

0.804 

1 

(240) 

SnCL . 

14-98 

0.619 

1 

(240) 

PbCls . 

540 

0.506 

1 

(98) 

Substance 

t  or  Af,  °C 

Cp  i 

joule/g 

±% 

Lit. 

PbBr . . 

550 

0.326 

1 

98) 

Tin . 

480 

0.247 

1 

97 

TIBr . 

500 

0.335 

1 

(97 

AgCl . 

490 

0.540 

1 

(97) 

AgBr . 

500 

0.318 

1 

(98) 

AgNOa . 

250 

0.783 

1 

(109) 

>218 

0.816 

1 

(98) 

MgaSibOo . 

v.  Vol.  II,  p 

101 

CaCl2.6H20 . 

33-99 

2.31o 

1 

(228) 

Ca„SibOc . 

v.  Vol.  II,  1 

.  101 

LiNOs . 

280 

1.632 

1 

(98) 

NaCIO, . 

280 

1 . 36o 

1 

(98) 

Na.S-.t  ),51L.O . 

13-98 

2.385 

1 

303 

NaN  O’. . 

350 

1 . 80o 

1 

(98) 

NaC.Il.O, . 

61.8 

3.541 

0.5 

96 

NaaSibAl<.Od . 

v.  Vol.  11,  p.  101 

KNOa . 

380 

0.139 

5 

98 

Rn^^bAlcOd . 

v.  Vol.  II,  p 

.  101 

KjCroOj . 

>397 

0. 140 

i 

(98 , 

107 


HEAT  CAPACITY— LIQUID  COMPOUNDS:  CCl,  TO  C  IU 


d-TABLE,  d -ARRANGEMENT  Yol.  Ill,  p  viu 

Cp  —  Co  T  a/  -f-  I)/® 


Formula 

Name 

t  or  SI,  °C 

Cp,  joule/g 

±% 

10Ja 

Range,  °C 

0 

0.827 

0.5 

0.8 

20-60 

CCL 

Carbon  tetrachloride . 

20 

20 

0.841 

0.833 

1 

0.5 

0.13 

0-70 

CS, 

Carbon  disulfide . 

30 

a.  p.  114 

0 . 837 

|  0.2 

1.97 

20-60 

0 

0.971 

0.5 

0.322* 

20-40 

CHCL 

Chloroform . 

15 

20 

0 . 946 

0 . 978 

0.5 

0.5 

1.38 

-30  to  60 

20 

0.968 

0.5 

CHjCL 

Methylene  chloride . 

30 

15-40 

0.979 

1.205 

2.078 

0.2 

0.5 

0.5 

1.27 

20-60 

0 

2.97 

40-140 

CH202 

Formic  acid . 

0 

15.5 

1.83 

2.139 

1 

0.4 

20-100 

2.201 

1 

CHjNO 

Formamide . 

19 

2 . 306 
1.724 
(1 . 664) 
(1.76) 

0.5 

0.5 

ch3no2 

X  itroinet  hane . 

17 

0 

(CaCl2-dried) . 

—  1 . 4  2 1 

— 3 . 1  9  | 

30-70 

15-70 

(P2Os-dried) . 

n 

CH« 

Methane . 

v.  p.  86 

ch<o 

Methyl  alcohol . 

c2cl 

Tetrachloroethylene . 

20 

20 

0.883 

0.904 

1 

0.4 

c2hci, 

Trichloroethylene . 

20 

17-53 

21-106 

21-196 

0.933 

1.046 

1 . 465 

1 . 464 

0.4 

0.5 

0.5 

0.5 

c2hclo 

Chloral . 

C2II2C1202 

Dichloroacetic  acid . 

CjIIoCL 

Tetraehloroethane . 

20 

1 . 122 
1.419 
1.113 

1 . 967 
2.264 
0.766 

0.4 

1.0 

0.5 

0.5 

0.5 

1.0 

CjHaCIO 

Acetvl  chloride . 

0 

C2H,CL 

Trichloroethane . 

20 

55-88 

21-76 

8-95 

C2H3C1,02 

Chloral  hydrate . 

C2H3N 

Acetonitrile . 

CjH<Br2 

Ethylene  bromide . 

13-106 

0.734 

0.5 

20 

0.728 

0.5 

-  30 

1.168 

0.5 

+  20 

1.258 

0.5 

C2H<C1i 

Ethylene  chloride . 

30 

1.276 

0.5 

50 

1.316 

0.5 

60 

1.335 

0.5 

c2ii4o2 

Acetic  acid . 

a.  p.  114 

c2n<o2 

Methyl  formate . 

13-29 

2.159 

0.5 

-100 

0.816 

1.0 

-  20 

0 . 866 

1.0 

CjIEBr 

Ethyl  bromide . 

5-10 

0.906 

0.5 

10-15 

0.894 

0.5 

15-20 

0.901 

0.5 

C2II4C1 

Ethyl  chloride . 

-28  to  +4 

0 

1.790 

1 . 542 

0.5 

0.5 

2.43 

-30  to  40 

-30 

0 . 656 

0.5 

C,H,I 

Ethyl  iodide . 

60 

0.718 

0.5 

0 

0 . 676 

0.5 

6.91 

-30  to  60 

c2h4o 

Ethyl  alcohol . 

r.  [>.  114 

0 

2.277 

0.5 

5.0 

-20  to  200 

-11.1 

2.247 

1 

c2ilo2 

Glycol .  • 

+  2.5 

5.1 

2.310 

2.327 

: 

14.9 

2.390 

1 

19.9 

2.406 

1 

CjHjCljOt 

C»H«C1jOj 

Methyl  trichloroacetate .  . 

20 

1.117 

0.5 

1.69 

10-140 

Methyl  diehloroacetate . 

20 

1 . 302 

0.5 

1.6 

10-140 

C  jH6C1 

AIM  chloride . 

0 

1.31o 

1 

*  10*b  -  1.55.  t  10‘b  -  34.3.  J  10*b  -  25  s 


,247, 
,  I  82 
I 3  1  9  ) 
(32!  , 


(247, 
(  302  ) 
(275) 
, 3  1  9 
(32  1 
(31) 

I  266, 

(25°, 

94 

250  | 
(310, 
,310, 
I  320) 
320, 


250 
1  18) 

1  1  8  | 

(27) 

(156) 

(155) 

(118) 

(250) 

(118) 

(27) 

(153) 

(30) 

(247) 

(247) 

(247) 

(275) 

(247) 

(275) 

(247) 

(33) 

(21) 

(21) 

(251) 

(241) 

I (241) 

(24T) 

I  (131) 

1  (247) 

I  (*47) 

(247 

(91 ,  1  52,  276 
(219) 

I  (219) 

(21  9) 

219) 

219, 

(266 
!  ( 266 
(250) 


JOS 
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Formula 

Name 

t  or  At,  °C  | 

cP,  joule/g 

+  %  I 

103a 

Range,  °C 

1 

Lit. 

C3II A  '10- 

Met h vl  chloroacetate . I 

20 

1 . 600 

0.5 

1.6 

10-160 

(266j 

/ 

0 

2.128 

0.5 

(247) 

CjIUN 

Propionitrile . ) 

19-95 

2  252 

0.5 

(155) 

0 

1  61 5 

1.0 

(250) 

C3II„0 

Allyl  alcohol .  ’ 

21-90 

2.785 

0.5 

(152) 

CLILO 

Propionaldehyde . 

0 

2.18s 

1 

(250) 

3-22 . 6 

2.15i 

0.5 

1 

(158) 

0 

(2.  118) 

0.5 

3.  2 

-30  to  +60 

(247) 

24 . 2-49 . 4 

2 . 25i 

1 

[ 

(158) 

C3ILO 

Acetone . \ 

20 

2.210 

(301) 

20 

2.166 

0.5 

(319) 

1 

0 

2.  134 

0.5 

3 . 3o 

22-50 

(302  ) 

J 

0 

1 .858 

0.5 

0.593 

10-140 

(255) 

C3HcO, 

Propionic  acid . ) 

20-137 

2 . 342 

0.5 

(155) 

14-49 

2.136 

0 . 5 

(33) 

c3ilo2 

Ethyl  formate . \ 

-20  to  +14 

1.909 

0.5 

(187) 

C3H602 

Methyl  acetate . 

15 

1.96 

(269) 

c,h,o3 

Dimethyl  carbonate . 

19.8-88 

1 . 892 

0.5 

(155) 

c3h8 

Propane . 

0 

2.41 

2 

6.3 

-30  to  20 

(63) 

c3h8o 

Propyl  alcohol . 

v.  p.  114 

C3H802 

Methylal . 

15-41 

2 . 180 

1 

(21) 

c3hso3 

Glycerol . 

v.  p.  114 

f 

10-81 

1.235 

0.5 

(266) 

C4H5C1302 

Ethyl  triehloroacetate .  ) 

9-139 

1.280 

0.5 

(266) 

20 

1.193 

0.5 

1.6 

10-140 

(266) 

C4H6C1202 

Ethyl  dichloroacetate . 

20 

1.377 

0.5 

(266) 

c4h6o2 

Crotonic  acid . 

71.4 

2.093 

1.0 

6.37 

0  59) 

/ 

9-138 

1.749 

0.5 

(266) 

c4h7cio2 

Ethyl  chloroacetate . | 

20 

1.666 

0.5 

1.6 

10-140 

(266) 

c4h7n 

n  Butyronit.rile . 

21-113 

2.290 

0.5 

(155) 

c4h8o 

Methyl  ethyl  ketone . 

20-78 

2.299 

0.5 

(152) 

f 

0 

1.858 

0.5 

(265) 

c4h8o2 

n-Butyric  acid .  { 

40 

2.097 

0.5 

(265) 

\ 

20-100 

2.155 

0.5 

(250) 

c4h8o2 

Isobutyric  acid . 

20 

1.883 

1 

(250) 

{ 

20 

1.921 

0.5 

(265) 

c4h8o2 

Ethyl  acetate . < 

20 

2.000 

0.5 

(300  ) 

c4h8o2 

Methyl  propionate . 

20 

1.921 

0.5 

(265) 

c4h8o2 

n-Propyl  formate . 

20 

1.921 

0.5 

(265) 

c4h9ci 

n  Butyl  chloride . 

20 

1.887 

0.5 

(301) 

c4h,no 

Methyl  ethyl  ketoxime . 

21.8-151.5 

2  722 

0.5 

(155) 

C4H,o 

n-Butane . 

0 

2.30 

2 

8.0  i 

-15  to  20 

(63) 

Isobutane . 

0 

2.30 

2 

19 

' 

21-115 

2.876 

0.5 

(250) 

21-115 

2.883 

0.5 

(152) 

30 

2.436 

0.2 

11.01* 

30-80 

(321) 

C4H,oO 

n-Butyl  alcohol . 

-76.2 

1.854 

0.5 

(218) 

-33.3 

1 . 896 

0.5 

(218) 

2.3 

2.201 

0.5 

(218) 

1 

19.2 

2.356 

0.5 

(218) 

,  ,  ,  f 

21-109 

2 . 996 

0.5 

(152) 

C4H,oO 

Isobutyl  alcohol . < 

30 

2.525 

1 3 . 68 1 

20-80 

(321) 

-100 

2.147 

1 

(21) 

-  50 

2.164 

1 

(21) 

-  5 

2.205 

0.5 

(187) 

0 

2.189 

1 

(21) 

0 

2.214 

0.5 

(247) 

C4H,oO 

I  Ether . ) 

+  30 

2.289 

0.5 

(247) 

80 

2.888 

0.5 

(289) 

120 

3.361 

0.5 

(289) 

140 

3.440 

0.5 

(115) 

180 

4.357 

0.5 

(115) 

10‘b  =  7.5.  t  106b  =  10.5. 


Formula 


(  4 II 1  oF 


c4h„n 

cji^o, 

C»HiCIiOi 

CtH,N 

'  ll'  l.o, 
CiHrCIO, 
CJIrCIjO, 
c  H,C1,0, 

c6h,o2 

C6H,CIOj 
CjH.N 
(  sll  10 
C6H,oO 
C6H,oO 

CJI  io02 

C*HwO, 

i  11  1  i 

C,H  O 
c6h,„o2 

CtH  10O3 

C6H„N 

CiH„ 


CJI.jO 


CiHuO 

C»HnO 

C»HitN 

CoH«BrCl 

C«H4BrCl 


C.H4BrI 


C«H4BrI 


C,H4Br, 

C6H4Br, 

C*H4C1* 

C,H4CI, 

CiH«a, 

CJIJ, 

C»HJ, 

*  ,  1 1 ,  v  <  1, 
C4H4Ni04 


HEAT  CAPACITY-  LIQUID  COMPOUNDS:  C,H»  TO  CeH. 


Name 

Ethyl  sulfide . 


Diethylamine . 

Furfural . 

Ally  1  trichloroacetate . 

Pyridine. 

Allyl  diehloroacetate 
Allyl  chloroacetate .  . 
Propyl  trichloracetate . 
Propyl  diehloroacetate 

Allyl  acetate . 

Propyl  chloroacetate. .  . 

Valeronitrile . 

Amylene . 

Diethyl  ketone. 

Methyl  isopropyl  ketone 

Isovaleric  acid . 

n-Butyl  formate . 

Ethyl  propionate . 

Methyl  n-butyrate . 

n-Propyl  acetate . 

Diethyl  carbonate . 

Piperidine . 

Isopentane . 


Isoamyl  alcohol 


fert.-Amyl  alcohol . 

d-]rrim.- Amyl  alcohol.  . 

Isoamylamine . 

o-  Bro  moc  h  1  oroben  zone . 
m-Bromochlorobenzene 


o-Bromoiodobenzene 


m-Bromoidobenzene 


o-Dibromobenzcne . 
m-Dibromobenzene 
o-Dichloroben«ene . 
m-  Dichlorobenzene 
p-Diohlorobenzene 
o-Diiodobenzene .  .  . 
m-Diiodobonzene. . 
o- Dinitrobenzene . 
ai-Dinit  rolienzene 


1  t  or  St,  °C 

|  cp,  joule /g 

+  °7* 
x  /© 

lO’jt 

Range,  °C 

I 

0 

(1.967) 

0.5 

11  75 

5-70 

(241  ) 

5-10 

1.973 

0.5 

(241) 

10-15 

1 . 989 

0.5 

1 (241) 

15-20 

1 . 997 

0.5 

(241  ) 

20-70 

2 . 003 

0.5 

(241  ) 

22.5 

2.168 

0.5 

(187) 

0 

1 ,54o 

1 

(250, 

20-100 

1.749 

1 

(250, 

20 

1 . 205 

0.5 

|  (266) 

20 

1 . 695 

0.5 

1.6 

20-110 

(301  , 

21-108 

1 . 804 

0.5 

(t  S3) 

0-20 

1 . 653 

0.5 

(45) 

20 

1 . 389 

0.5 

1.6 

20 

1.657 

0.5 

1.6 

20 

1 . 243 

0.5 

1.6 

(266) 

20 

1.427 

0.5 

1.6 

10-140 

0 

1 .802 

0.5 

3 . 68 

20 

1.733 

0.5 

1.6 

23-121 

2.176 

0.5 

(133) 

0 

1 . 180 

1 .0 

,250) 

20-98 . 5 

2.332 

0.5 

(152) 

20-91 

2.198 

0.5 

(152) 

I 

20 

1.938 

0.5 

5.93 

10-140 

(266, 

23-93 

2.469 

0.5 

(105, 

20 

1.921 

0.5 

(265) 

20 

1.921 

0.5 

(266) 

20 

1.921 

0.5 

(265) 

20 

1.921 

0.5 

(265) 

1 

0 

1.03o 

1.0 

(250) 

i 

20-100 

1.942 

1.0 

(250) 

l 

20.2-123 

1.986 

0.5 

152, 

20-98 

2.189 

0.5 

(153) 

J 

0 

2.145 

0.5 

(268) 

8 

2.204 

0.5 

(308) 

40 

1.933 

1.0 

(21) 

0 

(2.  101) 

0.5 

(265) 

20 

2.230 

0.5 

10.  21* 

0-130 

(265) 

10-117 

2.900 

0.5 

(247) 

21-130 

2.911 

0.5 

(152) 

75.5 

2.87s 

1.0 

(250) 

30 

2.385 

0.2 

10 . 67 1 

30-80 

(321) 

47.9 

2.77 

(158) 

20-99 

3  15 

0  5 

(152) 

22-125 

2  978 

0  5 

(152) 

22-91 

2.570 

0.5 

(134  , 

0 

0  899 

0  5 

0  98 

1 

0 

0  8S8 

0  5 

0  98 

'■  0-100 

('  88) 

0 

(0.  639 

0.5 

0.  667 

5-100 

0 . 668 

0.5 

(188) 

3. 2-64. G 

0.658 

0.5 

(188) 

1.8-34 

0 . 657 

0.5 

(1  88) 

0 

(0 . 6351 

0.5 

0.667} 

0-100 

(188) 

5-100 

0 . 663 

0.5 

(1  88) 

3 . 2-64 . 5 

0.652 

0.5 

(188) 

1 . 7-34 . 1 

0.644 

0.5 

0 88 ) 

1  7-36.2 

0.624 

0.5 

(1  88) 

0 

0.753 

0.5 

0  89« 

C1 88 ) 

0 

0 . 734 

0.5 

0  89  r, 

0 

1.131 

0  5 

1.27 

0-100 

(188) 

0 

1 . 131 

0.5 

1.27 

53-99 

1.247 

0  5 

(188) 

0 

0 . 568 

0.5 

0  325 

0-100 

(188) 

34.2-99.6 

0 . 586 

0.5 

(188) 

0 

(1.46j) 

1 

1  39 

M.  P.  to  357 

(4) 

M.  P. 

1.697 

1 

0  0 

M.  P.  to  235 

(4) 
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Formula 

Name 

t  or  M,  °C  | 

c„,  joule/g  I 

±%  1 

103a 

Range,  °C 

Lit 

CrlL-VO, 

l>-  Dinitrobenzene . 

0 

(1  .  169) 

1 

2.76 

M.  P.  to  384 

(4) 

CtILOj 

Quinone . 

0 

(1.35s) 

1 

3.41 

M.  P.  to  273 

(4> 

0 

0 . 900 

1 

(2j0) 

20 

0 . 965 

0.5 

(319) 

CoILBr 

Bromobenzene . t 

20-100 

1 . 03o 

1 

(250) 

16.9-65 

l.OOo 

0.5 

(139) 

CcILBrO 

Bromophenol . 

18-77 

1.322 

1.0 

(315) 

f 

0 

1  .  147 

1.0 

(2  50) 

CcH6C1 

Chlorobenzene .  { 

0 

1  250 

0.5 

3.10 

10-140 

(266) 

\ 

20 

1.294 

0.5 

319 

(  mi  ,r<io 

0-20 

1 . 678 

0.5 

(4S) 

10 

1.499 

0.5 

(275) 

30 

1.420 

0.5 

(275) 

50 

1.380 

0.5 

(275) 

c6h5no2 

Nitrobenzene .  , 

70 

1.381 

0.5 

(275) 

90 

1 . 435 

0.5 

(275) 

120 

1.648 

0.5 

(275) 

c6h6 

Benzene . 

v.  p.  115 

c6h6ci4o4 

Ethylene  dichloroacetate . 

0 

1.348 

0.5 

1.6 

10-140 

(266) 

o-Nitroaniline . 

0 

(1.675) 

1 

2.65 

M.  P.  to  219 

(4) 

C6H6N202 

m-Nitroaniline . 

0 

(1.641) 

1 

2.42 

M.  P.  to  322 

(4> 

CePU^  2O2 

p-Nitroanilinc . 

0 

(1.787) 

1 

1.45 

M.  P.  to  343 

(4) 

C6HcO 

Phenol . 

14-26 

2.348 

0.5 

(166) 

c6h6o2 

o-Dihydroxybenzene . 

0 

(1.935) 

1 

2.28 

M.  P.  to  304 

(4) 

ccflo2 

m-Dihydroxybenzene . 

0 

(1.891) 

1 

2.66 

M.  P.  to  310 

(4) 

c6h6o2 

p-Dihvdroxybenzene . 

0 

(2.060) 

1 

1.67 

M.  P.  to  372 

(4) 

c6h7n 

a-Picoline . 

22-124 

1.816 

0.5 

(133) 

c6h7n 

Aniline . 

v.  p.  1 15 

CeHjo 

1,  5-Hexadiene . 

0 

1 . 703 

1.0 

(250) 

C6H 10O 

Cyclohexanone . 

15-18 

1.812 

0.5 

(H9) 

c6h,„o 

Mesitvl  oxide . 

21-121 

2.182 

0.5 

(1  52) 

CeH  1 0O2 

Allyl  propionate . 

20 

1  .887 

0.5 

3.6s 

10-140 

(266) 

/ 

0 

1 .8O0 

1 

(250) 

CcHjoOj 

Ethyl  acetoacetate . 

20-100 

1.996 

1 

(250) 

C6H10O4 

Diethyl  oxalate . 

20 

1.812 

0.5 

2.76 

10-140 

(266) 

CoHnN 

Capronitrile . 

18-156 

2.26s 

1.0 

(153) 

CeII12 

Hexylene . 

0-50 

2.118 

0.4 

(163) 

c6h12o 

Cyclohexanol . 

15-18 

1.745 

0.5 

(119) 

CcH120 

Methyl  butyl  ketone . 

21-127 

2.313 

0.5 

(155) 

c6h12o 

Methyl  isobutyl  ketone . 

20 

1.921 

0.5 

(265) 

CeH1202 

Caproic  acid . 

29-105 

2.231 

0.5 

(105) 

/ 

16-65 

2.130 

0.5 

(139) 

c6h12o2 

Isoamyl  formate . \ 

20 

1.921 

0.5 

(265) 

cji12o2 

Isobutyl  acetate . 

20 

1.921 

0.5 

2.7e 

0-110 

(265) 

CeHi202 

Ethyl  butyrate . 

20 

1.921 

0.5 

(266) 

c6h12o2 

Ethyl  isobutvrate . 

20 

1.921 

0.5 

(266) 

c6h,2o2 

Methyl  valerate . 

20 

1.921 

0.5 

(265) 

csh,2o2 

Propyl  propionate . 

20 

1.921 

0.5 

(265) 

c6h12o3 

Paraldehyde . 

0 

1.82s 

1 

(2S0) 

f 

0-50 

2 . 205 

0.4 

(163) 

CeII,4 

n  Hexane . \ 

20-100 

2.51i 

1 

(250) 

/ 

0 

1.954 

1 

(250) 

c6h14o2 

Acetal . t 

19-99 

2.1754 

0.5 

(152) 

CbH16N 

Dipropvlamine . 

22-100 

2.498 

0.5 

(133) 

c7ilcio2 

o-Chlorobenzoic  acid . 

0 

(1.639) 

1 

1.50 

M.  P.  to  340 

(4) 

CrUsCio* 

w-Chlorobenzoic  acid . 

0 

(1.115) 

1 

4.01 

M.  P.  to  359 

(4) 

C7H6C102 

p-Chlorobenzoic  acid . 

M.  P. 

2.290 

1 

0.0 

M.  P.  to  505 

(4) 

C7HjN 

Benzonitrile . 

22-186 

1 . 846 

0.5 

(153) 

C;HsN04 

o-Nitrobenzoic  acid . 

0 

(1.315) 

1 

2.5 

M.  P.  to  386 

1  (4) 

c7h5no4 

??i-Nitrobenzoic  acid . 

0 

(1.695) 

1 

2.4 

M.  P.  to  366 

,  (4) 

c7hsno4 

;>-Nitrobenzoic  acid . 

M.  P. 

1.878 

1 

0.0 

M.  P.  to  484 

(4 

CjHiNsOe 

2,  4,  fi-Trinitrotoluene . 

? 

1  402 

0.4 

;  (7S) 

CtILO 

Benzaldehyde . 

p9_1 79 

1.792 

0.5 

(152) 

c-ilo2 

Salic  vlaldohyde . 

18 

1.599 

0.5 

(310) 

CjH.Oj 

Benzoic  acid . 

0 

(1.774) 

1 

3.22 

M.  P.  to  32? 

1  (4) 

HEAT  CAPACITY  LIQUID  COMPOUNDS  (Ml,  TO  (MI, 
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Formula  Name 


C7II7C1 

Benzyl  chloride . 

C7H  7C1 

Chlorotoluene . 

CtH7NO, 

o-Aminobenzoic  acid . 

C7H7NO* 

m-Aminobenzoic  acid . 

C,H,NO* 

77-Aminobenzoic  acid . 

CjH* 

Toluene  . 

c,h8o 

Benzyl  alcohol . 

C-ILO 

o-Cresol  . 

C,H,0 

m-Cresol . 

c7h,o 

Phenyl  methyl  ether . 

c7h8o* 

Dimethvlpyrone . 

c7h.n 

Methylaniline . 

’ 

c7h,n 

o-Toluidine . 

C,H,N 

p-Toluidine . 

C7H,20 

\ 

o-Methylcyclohexanone . 

c7h12o 

m-Methylcyclohexanone . 

c7h,,o 

p-Meth  vlcvclohexanone . 

(  -7II 1202 

Allyl  butyrate . 

C?H  i*0* 

Allyl  isobutyrate . 

C  7  H  ,  20  4 

Diethyl  malonate . 

C7H|4 

Heptvlene  (B.  P.,  98°) . 

c7h,4o 

o-Hexahydrocresol . . 

CtH,40 

m-Hexahvdrocresol . 

C7Hm0 

p-Hexahydrocresol . 

CfHuO 

Heptaldehyde . 

C7H,40 

Dipropyl  ketone . 

C7H180, 

Heptylie  acid . 

CjHmO, 

Isoamyl  acetate . 

C7H,402 

Butyl  propionate . 

CtH,40, 

Ethyl  valerate . 

CtHmO* 

Propyl  butyrate . 

CtHmO, 

Propyl  isobutyrate . 

c7h18 

n-Heptane  (B.  98°) . 

c7h„ 

Isoheptano  (B.  P.,  91°) . 

(  'hII e(  I4 

o-Xylene  tetrachloride . 

C.H.C14 

p-Xylene  tetrachloride . 

C8H8Br, 

o-Xylene  dibromide . 

C.H.Br* 

m-Xylene  dibromide. . 

C.HsBrj 

p-Xylene  dibromide . 

C*H8C1* 

o-Xylene  dichloride . . 

C*H8C1* 

m-Xylene  diehloridc . 

C.H.C1, 

p-Xylene  dichloride . 

C.H.0 

Acetophenone . 

c*h8o, 

o-Toluic  acid . 

CsHsO* 

m-Toluic  aci<l . 

c,h8o* 

p-Toluic  acid . 

r*  it  n 

v  81 1 gv  *2 

CtH90s 

Hydroxyacetanilide. . 

C,H,„ 

Ethylbenzene . . 

C.H  ,0 

o-Xylene . 

C.H.. 

m-Xylene . 

or  M,  °C 

Cpy  joule  g  | 

±%  1 

103a 

Range,  °C 

1 

0 

1.350 

0.5 

3  lo 

10-140 

2  6  6 

0 

1.322 

0  5 

3  lo 

10-140 

266) 

M.  P. 

1 .82 

2 

0.0 

M.  P.  to  305 

4 

M.  P. 

1 .82 

2 

0.0 

M.  P.  to  360 

4 

M.  P. 

1.86 

2 

0.0 

M.  P.  to  378 

4 

v.  p.  115 

20-100 

2.139 

10 

(25°) 

22-200 

2.261 

0.5 

(1  52) 

0-20 

2.088 

0.5 

(45) 

21  197 

2.314 

0.5 

( 1  53) 

0-20 

2.005 

0.5 

(4  5) 

0 

1.697 

0.5 

3 . 6o 

10-  140 

(266 

20-152 

2.021 

0.5 

(155  | 

166 

2.3 

10.0 

(237) 

20-197 

2.145 

0.5 

(155) 

o 

1.90o 

1 

250) 

22-195 

2.193 

0.5 

(155) 

til  5 

2.084 

0.5 

(139) 

0 

1.969 

0.5 

2.93 

12-139 

(265) 

43 

2.503 

1 

(20, 

58 

2.653 

1 

(20) 

94 

2.23i 

1 

(267) 

15-18 

1 . 825 

0.5 

(H9) 

15-18 

1 .846 

0 . 5 

(U9) 

15-18 

1 .846 

0.5 

(119) 

20 

1 .887 

0.5 

3.68 

1 

20 

1.875 

0.5 

3.68 

10-140 

(266) 

20 

1.812 

0.5 

2.76 

J 

0-50 

2.042 

0.4 

(163) 

15-18 

1 . 749 

0.5 

(119) 

15-18 

1 . 766 

0.5 

(119) 

15-18 

1.770 

0.5 

(119) 

0 

1.52s 

1.0 

(250) 

20-140 

2.310 

0.5 

(152) 

9 

2.335 

0.5 

(105) 

20 

1.921 

0.5 

2.76 

0-110 

(265) 

20 

1.921 

0.5 

(265) 

20 

1.921 

0.5 

(266) 

20 

1.921 

0.5 

(265) 

20 

1  .921 

0.5 

(265) 

0-50 

2.122 

0.4 

(163) 

20 

2.051 

0.5 

(301) 

30 

2.168 

0.2 

5.94 

30-80 

(321) 

0-50 

2.097 

0.4 

(163) 

15-40 

1.004 

1.0 

(61) 

15-40 

1.013 

1.0 

(61) 

15-40 

0  766 

1.0 

(61) 

15-40 

0.770 

1.0 

(61) 

15-40 

0.753 

1.0 

(61) 

15-40 

1.184 

1 .0 

(61) 

15-40 

1 . 23s 

1.0 

(61  ) 

15-40 

1 . 18o 

1 .0 

(•>) 

20-196 

1  .984 

0.5 

(153) 

0 

(1.766) 

1.0 

3.1 

M.  P.  to  304 

(4) 

0 

(2.107) 

1.0 

1.72 

M.  P.  to  279 

l 

0 

(1.324) 

1.0 

5.8 

M.  P.  to  405 

|  4 

0 

1.519 

0.5 

3.14 

10-140 

266) 

0 

(1.654) 

1.0 

3.32 

M.  P.  to  231 

(4) 

0 

1 . 645 

0.5 

(265) 

30 

1.711 

0.2 

3.71 

20-70 

(321) 

39  6 

1 .883 

0.5 

13  9 

30 

1  721 

0.2 

3.24 

30-80 

(321) 

0 

1 . 605 

0.5 

4 . 36 

10-110 

(266) 

9  40 

1 . 674 

0  5 

(13*) 

16  35 

1.620 

C  5 

(139) 

Lit. 
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Formula 

Name 

t  or  At,  °C  | 

cVl  joule /g 

±%  1 

103a 

Range,  °C 

Lit. 

(  \  I  1  ,  n 

m- Xylene  (0 ant'd ) . 

30 

1 . 678 

0.2 

3  40 

30-80 

(321, 

0 

1 . 603 

0.5 

4 . 36 

10-110 

(  266  ) 

CglLo 

p-Xylene . 

40.8 

1.791 

0.5 

(139, 

30 

1 . 663 

0.2 

3.89 

10-140 

(321, 

CglLoO 

p-Cresyl  methyl  ether . 

0 

1 . 697 

0 . 5 

3.60 

10-140 

(266) 

C8H,0O 

Phenetole . 

20 

1 . 867 

0.5 

3.60 

10-140 

(266) 

Diallyl  oxalate . 

20 

1 . 783 

0.5 

2 . 76 

10-140 

(266) 

0-20 

1.749 

0.5 

(45) 

C,HnN 

Dimethylaniline . 

0 

1 . 695 

0.1 

3.85 

20-100 

(142, 250, 266 

C8HmO. 

Allvl  valerate . 

20 

1.887 

0.5 

3.68 

0-140 

(266) 

CMI )4 

Diethyl  succinate . 

20 

1.892 

0.5 

2.76 

0-140 

(266) 

(  ,8h14o4 

Di-u.  propyl  oxalate . 

20 

1.812 

0.5 

2.76 

0-140 

(266) 

C8Hh06 

Diethyl  malate . 

24-186 

1 . 989 

0.5 

(152) 

( Ictylene . 

0-50 

2.034 

0.4 

(163) 

c8h16o 

Methyl  hexvl  ketone . 

22-168 

2.311 

0.5 

I 

(152) 

Cgll.nO, 

Isoamyl  propionate . 

20 

1.921 

0.5 

(2  6  5) 

c8h16o2 

Butyl  butyrate . 

20 

1.921 

0.5 

(265) 

C8H1602 

Isobutyl  butyrate . 

20 

1.921 

0.5 

(265) 

C8Hi602 

Propyl  valerate . 

20 

1.921 

0.5 

(265) 

0-50 

2.113 

0.4 

(163) 

CSII18 

n-Octane . 

20-123 

2.420 

0.5 

(152) 

C8H,9N 

Diisobutylamine . 

22-130 

2.390 

0.5 

(133) 

(  *H,0SiO4  ? 

Ethyl  silicate . 

15-98 

1.783 

0.5 

(206) 

c9h7n 

Quinoline .  . 

0-20 

1.473 

0.5 

(45) 

C9H10 

Benzylethylene .  . 

0 

1.644 

0.5 

4.36 

0-140 

(266) 

Ethyl  benzoate . 

20 

1.628 

0.5 

3.14 

0-140 

(266) 

c9h12 

Mesitylene . 

0 

1.643 

0.5 

4.36 

10-80 

(266) 

C9III2 

Propyl!  >enzene . 

0 

1.674 

0.5 

4.36s 

6-60 

(265) 

C9II12 

Pseudocumene .  . 

20 

1  733 

0.5 

4.35 

(266) 

c9h12o 

Ethyl  p-cresyl  ether . 

0 

1.795 

0.5 

3.60 

(266) 

c9h12o 

Propyl  phenyl  ether . 

0 

1 . 795 

0.5 

3.60 

10-140 

(266) 

c9h13n 

Dimethyl-o- toluidine . 

21-185 

2.072 

0.5 

(155) 

CJL0O4 

Dipropyl  malonate . 

20 

1.812 

0.5 

2.76 

• 

(266) 

CsIIis 

Nonvlene . 

0-50 

2 . 030 

0.4 

(163) 

c9hiso2 

Isoamyl  butyrate . 

20 

1.921 

0.5 

(2b5) 

( 'all  i802 

Butyl  valerate . 

20 

1.921 

0.5 

(265) 

(^gH  isO  2 

Isoamyl  isobutyrate . 

20 

1.921 

0.5 

(265) 

c,h20 

Nonane . 

0-50 

2.105 

0.4 

(163) 

f 

58.6 

1 . 528 

0 . 5 

(55) 

c10h7no2 

a-Nitronaphthalene . \ 

61.4 

1.581 

0.5 

(55) 

94.3 

1.632 

0.5 

(267) 

) 

87.5 

1 . 684 

1.0 

(20) 

c10h8 

Naphthalene . \ 

0 

(1.310) 

1.0 

3.52 

M.  P.  to  280 

(4) 

C.oHaO 

a  Naphthol . 

0 

(1.626) 

1.0 

3.19 

M.  P.  to  275 

(4) 

C.oHsO 

/3-Naphthol . 

0 

(1.688) 

1.0 

2.61 

M.  P.  to  236 

(4) 

f 

53.2 

1 . 988 

0.5 

(55, 

c10h9n 

tt-Naphthylamine . > 

94.2 

1.992 

0.5 

(267) 

C10H10 

Dihydronaphthalene . 

18-28 

1 . 448 

(258) 

C10H 10O2 

Allvl  benzoate . 

20 

1.624 

0.5 

3.14 

10-140 

(266  | 

c10h12 

1,  2,  3,  4-Tetrahydronaphthalene. . . 

15-18 

1 . 687 

0.5 

(119) 

23-233 

2.139 

0.5 

(157) 

22.48 

2 . 306 

0.5 

!  (19>) 

C,oH120 

Anethole . ) 

24.59 

2.360 

0.5 

(191) 

25.23 

2.561 

0.5 

(191) 

C10II,2O2 

Propyl  benzoate . 

20 

1.666 

0.5 

3.14 

0-140 

(265) 

C.oHh 

o-Cymene . 

0 

1.674 

0.5 

4.36 

10-140 

(265) 

C.oHhO 

Carvacrol . 

24-233 

2.415 

0.5 

(156) 

C.oIImO 

m-Thvmol . 

50 

2.371 

0.5 

(19) 

C.oHmO 

2,  4-Xylyl  ethyl  ether . 

0 

1.745 

0.5 

3.60 

10-140 

1  (266) 

C.oHhO, 

Diallyl  succinate . 

20 

1.892 

0.5 

2.76 

10-140 

(266 

C10II16N 

Diethvlaniline . 

20 

1.892 

0.5 

3.85 

10-140 

(266) 

C.oII  IS 

cis-Deeahydronaphthalene . 

15-18 

1 . 653 

0 . 5 

(119) 

C.oII  isO* 

Dibutyl  oxalate . 

20 

1.846 

0.5 

(266) 

C|oHi8Oi 

Dipropyl  succinate . 

20 

1 . 892 

0.5 

2.76 

10-140 

(266) 

CioHm 

Diamylene . 

20-130 

2.281 

0.5 

(29) 

HEAT  CAPACITY  LIQUID  COMPOUNDS:  C#H,„  TO  C,.H 


1  l.i 


P'orinula 

CioIIm 
C|0H  2U(  )2 

CloIIj2 

CioHjj 

c,„h22 

(  l(|H22 

c„ii22 

CiiII2< 

C12II10O 

cI2ii„n 


c12ii12 

CJ2H2204 

(  '  1 2  1 1 220 4 
C 1 2 1 1  24 

CI2H2402 

(’i2II2a 

C13H10O 

C13H,„03 

c13h26 

CijHra 

C,4H2604 

Cl4H« 

I  'l4fl2802 

C14H30 

Cislljo 

CuH32 

<',«h32o2 

C 1  0 1 1  3  4 
Ci7Hii03 

Ci8H3eQ2 

*  10«b  =  5.61. 


Name 


■y-Decylene . 

Isoamyl  valerate . 

Decane  (B.  P.,  159°) . 

Decane  (B.  I\,  162°) 

Decane  (B.  P.,  172°; 

Diisoamyl . 

Undecylene . 

Undecane . 

Diphenyl  oxide . 

Diphenylamine . 


d-Dimethylnapht  halene. 
Diisoamyl  oxalate 

Isobutyl  succinate . 

Dodecylene . 

Laurie  acid . 

Dodecane . 

/3-Benzophenone . 

Salol . 

Tridecylene . 

Tridecane . 

Isoamvl  succinate . 

Tetradecylene . 

Myristic  acid . 

Tetradecane . 

Pentadecylene . 

Pentadeeane . 

Palmitic  acid . 

a-Hexadecane  (B.  P.,  275° 

Betol . 

Stearic  acid  . 


or  At,  °C 

cP,  joule  /g 

±  % 

10Ja 

Range,  °t' 

0-50 

1  963 

0.4 

(163 

20 

1.921 

0.5 

(265  » 

21  154 

2 . 470 

0.5 

(152) 

0-50 

2.072 

0.4 

(163) 

0  50 

2.101 

0.4 

(  1  63) 

5  1 55 

2 . 46!) 

0.5 

1  (15  2) 

0  £0 

2.017 

0.4 

(163) 

0-50 

2 . 097 

0.4 

(  1  63) 

30 

1.67 

(73) 

54 

1.835 

0.4 

(55  ) 

56 

1.851 

0.4 

(55  , 

53 

1 . 942 

1 .0 

(20, 

66 

2.017 

1 .0 

(20) 

0 

1 . 649 

0.5 

(257) 

20 

1.879 

0.5 

(266  ) 

0 

1.850 

0.5 

2.76 

0-140 

,  265 

0-50 

1.913 

0.4 

(163) 

40  100 

2.394 

0.5 

(1  °5  ) 

57 

2.155 

0.5 

(177) 

14-20 

2.120 

0.5 

(16, 

0-50 

2.093 

0.4 

(163 

3-40 

1.601 

0.5 

(1  95) 

0 

1.448 

0.5 

6.49 

0-40 

(1  95) 

44.1 

1 . 635 

0.5 

(55) 

0-50 

1.913 

0.4 

(163) 

0-50 

2.088 

0.4 

(163, 

0 

1.880 

0.5 

(262) 

0-50 

1 . 896 

0.4 

(163) 

56-100 

2 . 256 

0.5 

(285) 

0-50 

2.080 

0.4 

,163) 

0-50 

1.971 

0.4 

(163) 

0 

2.080 

0.4 

(163) 

65-104 

2.733 

0.5 

,105, 

0-50 

2.076 

0.4 

1  63) 

19-63 

1 . 487 

0.2 

(195) 

0 

(1.249) 

0.2 

5.58* 

19-63 

(i  95 

75-137 

2.302 

0.5 

(105) 
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THE  HEAT  CAPACITY  OF  CERTAIN  PURE  LIQUIDS 

.  II.  Awbery 


Hg,  Mercury 


Solid  Hg  ( 1  3>  69 

1  38,  209,  235,  236 
282) 

83, 

,  243, 

Liquid  Hg  0°,  >2,  18> 

1  38,  186,  235,  236 

43,  48 
262, 

58,  1  23, 
322) 

t,  °C 

Joule/g- 

atom 

±% 

t,  °C 

Joule/g 

±% 

t,  °C 

Joule  g 
±0.1% 

-270 

0.221 

1 

-40 

0.1452 

0.1 

120 

0  13745 

-260 

4.61 

2 

-20 

0.1417 

0.1 

140 

0  13742 

-240 

16  95 

0.5 

0 

0.14030 

0.25 

160 

0  1374s 

-220 

21 .27 

0  5 

+20 

0.13934 

0.25 

180 

0  1376o 

200 

23.07 

0  5 

40 

0.13804 

0  25 

200 

0  13777 

- 150 

25  76 

0  5 

60 

0.13814 

0.25 

220 

0  13797 

-100 

26  92 

0  5 

80 

0  13780 

0.25 

240 

0.13824 

-  50 

27.77 

0  5 

100 

0  13757 

0.1 

260 

0  1385i 

10 

27  99 

0  5 

280 

0  1388o 

H;0,  Water 

cp  in  joules  per  gram.  Note. — The  values  in  this  table  should 
be  increased  by  0.12%  to  bring  them  into  accord  with  the  I.  C\  T 
accepted  value  for  the  joule  which  is  -4.185  cab*. 


p  =  1  atm.  (8>  9»  1  °>  11 
42,  53,  54,  62,  72,  99, 

,  <», 
101, 

P  * 

=  the  vapor  pressure 

102,  104,  126,  127,  150, 
242,  259 

214, 

(72,  104,  242) 

Cp 

± 

rr 

/c 

l°c| 

Cp  1 

m '  1 
/o  \ 

|  °c 

Cp 

—  5 

4 

244 

0 

2 

1  20l4 

184 

0 

051 

100 

1  4 

198  1 

0 

2 

0 

4 

220 

0 

2 

40  4 

180 

0 

1 

1.50 

4 

•>‘» 

0 

2 

+5 

4 

210 

0 

2 

60  4 

186 

0 

1 

200 

1  4 

2.55 

0 

5 

10 

4 

199 

0 

i 

80(4 

192 

0 

o 

2.50 

4 

30 

1 

0 

15 

4 

UK) 

0 

i 

100  4 

198 

0 

•> 

300 

|  4 

2 
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C02 


VARIATION  OF  SPECIFIC  HEAT  WITH  PRESSURE 

Values  of  (specific  heat  at  1  atm.  -  sp.  ht.  at  p,  kg/cm2)  ±  1  %;  joules  per  gram 

Hg,  Mercury  (47i  158)  _ 


p,  kg /cm 2 

15° 

64° 

91° 

p,  kg/cm2 

15° 

p,  kg/cm2 

15° 

n 

0  0 

0  0 

0.0 

1000 

0.000062 

5000 

0.000246 

200 

0 . 00002 

0  00046 

0 . 00059 

2000 

0 . 000092 

6000 

0 . 000277 

400 

0.00005 

0.00105 

0.00129 

3000 

0.000154 

7000 

0 . 000338 

600 

0.00005 

0.00146 

0 . 00207 

4000 

0.000185 

CS'2,  CH3OH  and  C2H6OH  (47>  158) 


p,  kg/cm2 

cs, 

CH3OH 

C2H5OH 

0 

o 

40°  | 

60°  | 

00 

O 

o 

20°  | 

40° 

60°  | 

80° 

20°  | 

40° 

60° 

80° 

0  | 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

500 

+0.002 

0.0 

1  000 

-0.00043 

+0.0022 

+0.0078 

+0.0170 

+0.006 

+0.008 

+0.011 

+0.012 

-0.001 

+0.004 

+0 . 006 

+0.006 

2  000 

-0.0078 

+0.0004 

+0.0100 

+0.0310 

+0.014 

+0.011 

+0.019 

+  0.026 

-0.001 

+0.008 

+0.010 

+0.004 

3  000 

-0.0091 

-0.0019 

+0.0095 

+0.0378 

-0.007 

4-0.008 

+0.021 

+0.026 

-0.001 

+0.013 

+0.011 

+0  001 

4  000 

-0.0061 

-0.0013 

+0.0077 

+0.0382 

-0.009 

+0.006 

+0.017 

+0.023 

-0.000 

+0.014 

+0.009 

-0.001 

5  000 

-0.00174 

-0.0022 

+0.0062 

+0.0313 

-0.010 

+0.004 

+0.016 

+0.018 

+0.001 

+0  011 

+0.004 

-0.003 

6  000 

+0.0052 

-0.0044 

+0 . 0054 

+0.0205 

-0.011 

+0.003 

+0.013 

+0.016 

+0.003 

+0.008 

+0.001 

-0.003 

7  000 

+0.0118 

-0.0074 

+0.0017 

+0.0144 

-0.011 

-0.003 

+0.009 

+0.017 

+0.002 

+0.004 

-0.001 

-0.001 

8  000 

+0.0104 

-0.0096 

-0.0017 

+0.0131 

-0.012 

-0.007 

+0.003 

+0.023 

+0.001 

+0.001 

-0.006 

+0  004 

9  000 

+0.0035 

-0.0135 

-0.0039 

+0.0162 

-0.012 

-0.011 

-0.003 

+0.033 

-0.003 

-0.009 

-0.009 

+0.031 

10  000 

-0.0022 

-0.0214 

-0.0050 

+0.0220 

-0.015 

-0.014 

-0.004 

+0.051 

-0.011 

-0.013 

-0.012 

+0.057 

11  000 

-0.0017 

-0.0264 

-0.0065 

+0.0229 

-0.020 

-0.015 

-0.001 

+0.059 

-0.018 

-0.013 

-0  012 

+0 . 055 

12  000 

+0.0017 

-0.0245 

-0.0078 

+0.0112 

-0.013 

-0.013 

+0.001 

+0.035 

-0.000 

-0.013 

-0  011 

+  0  003 

Values  of  cp  for 


p  =  the  vapor  pressure 

NH, 

(7,  71,  74,  79,  135,  149,  210,  288) 


t,  °c 

cp,  joule /g 

+  % 

-60 

4.383 

0.1 

-40 

4.440 

-20 

4.510 

0 

4.597 

+  20 

4.710 

40 

4.860 

60 

5.084 

80 

5.42 

0.25 

90 

5.71 

100 

6.19 

0.5 

110 

6.72 

1 

v.  also  p.  86. 

SO, 

(56,  175,  232) 

-20 

1.31 

5 

0 

1 .33 

+20 

1.37 

40 

|  1 .43 

the  Liquid  State 

S  O  2. — (C  ontinued ) 


t,  °C 

cp,  joule/g 

±% 

60 

1.51 

80 

1.62 

100 

1.75 

120 

1 .95 

140 

2.38 

\(179) 

150 

3.54 

11  to  140 

1.37  + 

0  00121 

0.5 

C2HsOH. — ( Continued ) 


t,  °C 

Cp,  joule/g 

±% 

-  50 

1.98 

0 

2.24 

+  25 

2.43 

1 

50 

2.73 

100 

3.45 

3 

150 

4.41 

p  =  1  atm. 


(40,  111, 

139,  144, 

275,  301) 

0 

2.37 

1 

20 

2.51 

HjS04 

40 

2.58 

(56,  175,  227,  228,  232) 

1  1.42  + 

K)  to  45  ^  q  QQm 

3 

C/H7OH,  Propyl 

alcohol 

Normal  (40>  95>  139 

152,  187, 

247,  301) 

-120 

1.80 

1 

C  T+OH,  Ethyl  alcohol 

-100 

1.82 

(2,  21,  36,  40,  95, 

111,  116, 

-  50 

1 .91 

122,  152,  187,  243, 

247,  249, 

-  25 

2.01 

273,  289,  301, 

321) 

0 

2.20 

-100  I  1.91 

0.5 

+  25 

2.45 

-  75  1  1.92 

50 

2.74 

C.HrOH.  — ( Continued > 

I so-  (152>  187>  219>  321) 


t,  °c 
-100 
-  50 

0 

+  50 

Cp,  joule/g 
1.78 

1 .98 
2.36 
3.10 

±  % 

3 

cs,, 

Carbon  disulfide 

(21,  89, 

111,  122, 

138,  289; 

- 100  to 

0.984  + 

6  at  ex- 

+  150 

0.0010a/ 

tremes, 

3  at  0 

C.H40  >,  Acetic  acid 

(23,  28,  105,  148,  153 

,  176,  178, 

192,  219,  249,  265,  301) 

0  to  80 

1  1  96o  + 
0.00389/ 

2 

C.tHsOn,  Glycerol 

(28,  80,  93,  166,  282,  283) 
Liquid  and  vitreous 
-260  0.18  |  5 

-200  0.40 

-150  0.73  2 
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C3HbO  .  ( Continued ) 

C«H6,  Benzene 

C,H 

». — ( Continued ) 

C : H <j» —  (Co nil  n  ue»i 

t,  °C 

c„,  joule  g 

±% 

(  4 ,  23,  65 

,  89,  116, 

182,  232, 

t,  °C 

cP,  joule  g 

±% 

t,  °C  Cp,  joule  g  ± 

-100 

0.97 

247,  265, 

267,  275, 

301,  302, 

80 

1 .94 

80  1 .869 

-  95 

1 .00 

321 

90 

1  98 

100  1  966 

?U 

<,°C 

Cp,  joule/g 

±  % 

-  85 

1 .39 

5 

1 .63 

2 

CtHs,  Toluene 

C6H;N,  Aniline* 

-  50 

2.03 

10 

1 .65 

(21,  23,  81,  89,  116 

,  224,  249, 

(1  5,  92,  1  00,  111,  139,  156 

0 

2.26 

20 

1 .70 

265,  281,  301,  302,  321) 

231,  266,  267,  301) 

-1-  50 

2.5i 

5 

40 

1.77 

-97 

1  472 

1 

0  1  2  Oo  1  5 

100 

2  8o 

00 

1 .86 

-50 

1 .522 

50  2.1s 

0 

1  .614 

100  1  2-29 
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1.761 

*  For  more  recent  data,  r.  (3 

THE  HEAT  CAPACITY  OF  CERTAIN  SOLUTIONS 

J.  H.  Awbery 


AQUEOUS  SOLUTIONS 

Acids 

(M  =  Mole) 


HC1  (57,  176>  251>  252>  253i  295>  296i  304>  309) 


M  % 
HC1 

M  HCI 

Joule/g  ±y±% 

Mh,o 

0°C 

10°C 

20  °C 

40°C 

60  °C 

0.0 

0.0 

4.215 

4.195 

4.182 

4.174 

4.182 

4.76 

.05 

3 . 446 

3  146 

3.521 

3 . 532 

3.265 

9.09 

.10 

3.015 

3.015 

3.132 

3.141 

3 . 272 

13.0 

.15 

2 . 743 

2.714 

2.852 

2.879 

2.974 

16.7 

.20 

2.560 

2  626 

2.643 

2.701 

2.798 

20.0 

.25 

2.430 

2.413 

2 . 476 

2 . 576 

2 . 677 

23.1 

.30 

2.346 

2.338 

2.350 

2.488 

2.605 

25.9 

.  35 

2.300 

2.551 

H2S04  (",  56,  HI,  175,  221,  232,  233,  268) 


M  % 

MhjO 

Joule/g 

M  % 

Mh,o 

Joule/g 

±H%, 

18°C 

±H%, 

18°C 

±H%, 

35°C 

H,SO. 

Mh,804 

h,so4 

Mh,S04 

100.0 

0 

1.397 

1.414 

0.99 

100 

4.002 

16  7 

5 

117 

2  242 

0.66 

150 

4.048 

9.09 

10 

2.999 

2.59 

0 . 497 

200 

4.077 

4 . 76 

20 

3  167 

2.97 

0.0 

OC 

4.182 

3.23 

30 

3 . 663 

3.26 

2.44 

40 

3.780 

3.43 

1.96 

50 

3 . 860 

3  53 

1.64 

60 

3.911 

3.60 

C-.H4Oi,  Acetic  acid,  38°C  (i™.  2".  249) 


M  %  HAc. 

0.0 

3.23 

6.98 

16.7 

30.9 

54.5 

100.0 

Joule  g . 

|  4.17 

4.01 

^1 

3  44 

3.05 

2 . 64 

2.24 

Alkalies 


NH  ,  (2",  309 


M  %  NH, 

Mnh, 

MIIj0 

Joule/g 

1+ 

S3 

2 . 4°C 

20.6°C 

41  °C 

61  °C 

0.0 

0 

4.211 

4.182 

4.174 

4.182 

5.2 

5 

4.148 

4.186 

3.998 

1  216 

10.5 

10 

4 . 098 

4.170 

4  ill 

4.261 

15.8 

15 

4  073 

4  144 

4  354 

4 . 303 

20.9 

20 

4  023 

4  144 

4  308 

26.1 

25 

4 .  (XX) 

4  165 

31.2 

30 

4 . 002 

4  197 

36.3 

35 

4.023 

4  236 

41.4 

40 

4  124 

C.HJIH,,  Aniline 

,  20°C  (1S 

165) 

M  %  PhNHj. . .  100  95  0  90  5  82  3  75  2 

Joule/ g  ±2% .  2  08  2  17  2  22  1  2  34  2  43 


NaOH,  20°C  (36,  11»,  "l,  252,  295,  296,  304) 


M  %  NaOH . j  0.0  0.50  0.99  4  76  9.09 

Joule/g  ±0.1% .  4.182  4. 123  4. 045  3.701  3  498 

M  %  NaOH . (16.7  23~1  28 . 6  37  5 

Joule/g  +0.1% . .  .  .  .|  3.341  |  3  287  |  3.275  j  3.270 


KOH  (no,  25i,  252,  2 ",  296) 


M  % 
KOH 

Joule/g 

M% 

KOH 

Joule/g 

M  % 
KOH 

Joule/g 

±0.1%, 

19°C 

±0.5%,| 

27°C 

±0.1%.' 

19°C 

±0.1%, 

19°C 

9.09 

3.132 

3.26 

1.64 

3 . 894 

0 . 497 

4  077 

4 . 76 

3.396 

3.51 

1.23 

3 . 956 

0.333 

4  094 

2  4  1 

3.764 

3.81 

0.99 

3.998 

0.249 

0.0 

4.103 

4  182 

Salts 

NaCl  (43,  66>  i°3>  ,76>  239>  252>  273>  294>  295>  322 

v.  also  Vol.  II,  p.  328 


M  % 

Mh.o 

Joule/g  ±0.1% 

NaCl 

Mn»ci 

6°C 

|  20°C 

33  °C 

57  °C 

9.09 

10 

3.37 

3.38 

3.39 

3.41 

6.25 

15 

3.457 

3.468 

3.472 

3.52 

4 . 76 

20 

3.572 

3.593 

3.604 

3.64 

2.44 

40 

3.809 

3.822 

3.834 

3.86 

1.64 

60 

3.910 

3.922 

3.934 

1.23 

80 

3 . 969 

3 . 980 

3.988 

0.99 

100 

4.011 

4.020 

4.021 

0.66 

150 

4.064 

4  062 

4.068 

0  497 

200 

4.092 

4 . 092 

4.093 

0.333 

300 

4.113 

0.249 

400 

4  14 

t,  °C 

d\ 

Joule  g  ± 

1%  I 

Lit. 

-15 

1.114 

3  20 

(69) 

-25 

1 .26 

2.71 

KC1  (43>  >28.  t76- 

181,  239,  252,  273,  294,  295,  296 

322) 

M  % 

M  KCI 

Joule  g 

±0.1% 

KC1 

Mh,o 

6°C 

20  °C 

33  °C 

40  °C 

0.0 

0.0 

4 . 202 

4.180 

4.170 

4  17 

0  99 

0.01 

3  954 

3  888 

3 . 962 

3  96 

1.96 

0.02 

3.771 

3.772 

3.788 

3  78 

2.91 

0.03 

3.611 

3.622 

3 . 633 

3  64 

3.85 

0.04 

3.461 

3  478 

3.492 

3  50 

4 . 76 

0.05 

3  337 

3  351 

3.367 

3.35 

5  66 

0.06 

3  222 

3  238 

3.254 

3.24 

6.54 

0.07 

3  12 

3.138 

3. 16 

3  13 

7.41 

0.08 

3.036 
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Alcohols 


B  =  CHsOH,  Methyl  alcohol  (40>  144) 


M  %  B 

Joule 

/g  +  1 

4  C/c 

M  %  B 

Joule/g  ± 

4% 

5°  1 

20°  | 

40°  | 

5° 

20°  | 

40° 

0.0 

4.184 

4.182 

4 

176 

36 

0 

3 . 454 

3 . 626 

3 . 668 

2.87 

4 . 270 

4.195 

4 

170 

45 

8 

3.245 

3.387 

3.471 

5 . 88 

4 . 253 

4.186 

4 

163 

56 

7 

3 . 045 

3.166; 

3 . 266 

!)  03 

4.174 

4.157 

4 

136 

69 

6 

2.852 

2.957 

3.040 

12.3 

4.077 

4.113 

4 

107 

83 

5 

2 . 643 

2.727 

2.831 

19.4 

3.872 

4.015 

4 

015 

100 

0 

2.413 

2.509 

2.580 

27.3 

3 . 068 

3 . 835 

3 

856 

B  =  CiHsOH,  Ethyl  alcohol  (36,  40,  52,  164,  165,  273,  323) 


M  %  B 

Joulo/g 

±0.5%, 

3°C 

±0.5%, 

23°C 

±1%, 

41°C 

0.0 

4.211 

4.182 

4.174 

2.02 

4.316 

4.236 

4.241 

4.16 

4 . 379 

4.274 

4.291 

6 . 46 

4.395 

4.312 

4.320 

8.91 

4  362 

4  324 

4.324 

11.5 

4.282 

4.299 

4  299 

14.4 

4.186 

4.241 

4  257 

20.7 

3.925 

4.077 

4.107 

28.1 

3.622 

3.847 

3.898 

37.0 

3 . 367 

3 . 588 

3 . 655 

47.7 

3.132 

3.329 

3.404 

61.0 

2.802 

3 . 040 

3.132 

77.9 

2.568 

2.760 

2.861 

100.0 

2 . 263 

2.417 

2.601 

B  =  C3H7OH,  n-Propyl  alcohol  (40>  213) 


M  %  B 

Joule/g  ±H% 

M  %  B 

Joule/g  ±K% 

r  ° 

20° 

1  40° 

5° 

20° 

40° 

0.0 

4 . 203 

4.182 

4. 174 

16.7 

3.990 

4.044 

3.986 

1.55 

4.308 

4.282 

4.231 

23.1 

3.668 

3.772 

3  810 

3.23 

4.395 

4.383 

4.280 

31.0 

3.404 

3.521 

3  617 

5.03 

4.466 

4.441 

4.312 

41.2 

3.128 

3.254 

3.408 

6.97 

4.538 

4.466 

4 . 320 

54.5 

2.852 

2.973 

3.203 

9.09 

4.517 

4.441 

4.253 

73.0 

2.559 

2.695 

2.961 

11.4 

4.329 

4.329 

4.165 

100.0 

2.233 

2.384 

2.601 

B  =  C:,HsOa,  Glycerol  (35,  so,  166) 


M  %  B 

Joule/g 

±h% 

M  %  B 

Joule/g 

±H% 

15°C 

32  °C 

15°C 

32°C 

0.0 

4.18 

4.17 

22.7 

3.20 

3.17 

2.12 

4.03 

4.02 

43.9 

2.80 

2.81 

4.66 

11.5 

3.88 

3.56 

3.86 

3.52 

100.0 

2.32 

2.41 

NON-AQUEOUS  SOLUTIONS 


CS2 

B  =  CH.,0 

±3%  (52) 


t  =  20°C 


M  %  A 

Cp 

100.0 

1.02 

55.8 

1.51 

29.5 

1.97 

12.3 

2.26 

0.0 

2.51 

c„  =  joule /g 

ch4o 

B  =  C2HgO 
±0.5%  (4°) 
t  =  25°C 


M  %  A 

Cp 

100.0 

2 . 530 

85.2 

2.518 

68.3 

2.501 

48.9 

2.493 

26.4 

2.467 

0.0 

2.430 

B  =  C;,HsO 
n-Propyl  alcohol 
±0.5%  (!39) 
t  =  40°C 


M  %  A 

Cp 

100.0 

2.580 

81.7 

2.526 

65.2 

2.530 

38.5 

2.559 

0.0 

2.601 

c2h6o 

B  =  C,HsO 


n-Propyl  alcohol 
Solid,  ±2%  (95) 


50  M 

%  A 

°C 

Cp 

-200 

0.92 

-190 

1.02 

-180 

1.11 

Liquid, 

±0.5% 

-75 

1  865 

-50 

2.003 

-25 

2.112 

0 

2.196 

B  =  C6H6 

±0.5%  (223,  307) 

t  =  20°C 


M  %  A 

Cp 

0.0 

1.70 

15.8 

1.80 

29.8 

1.92 

42.1 

2.03 

53.0 

2.11 

62.9 

2.175 

71.8 

2.22 

79.8 

2.26 

87.2 

2.325 

93.8 

2.342 

100.0 

2.405 

B  =  NaCi.200H.O 
±1%  (136) 
t  =  20°C 


M  %  A* 

Cr 

0.0 

4.08 

89.8 

4.20 

95.2 

4.27 

97.2 

4.20 

98.2 

4.03 

99. 2f 

3.51 

99.7| 

2.96 

100.0 

2.38 

*M  %  A 

=  moles 

C2H6O/ (moles  C-iHeO  -f 
moles  salt). 

t  ±1.  t  ±2. _ 

B  =  KC1.200HoO 

±i%>  (i3e) 


t  =  58°C 


0.0 

4.04 

89.9 

1  18 

95.2 

4.23 

97.2 

4.16 

98.2 

3.98 

99.2 

3  63 

99.7 

3.15 

100.0 

2.84 

B  =  C„H7N 

Aniline 

±0.5%  (139 

t  =  40°C 

0.0 

2.13 

34. 1 

2.38 

60.8 

2.62 

B  =  C,H7N.— 


(C ont’d) 


M  %  A 

Cp 

82.3 

2.79 

86.1 

2.81 

93.4 

2.81 

100.0 

2.60 

CaHXL 

Glycerol 

B  =  C„H7N 

Aniline 

±0.5% 

(168) 

t  =  20°C 

0.0 

2.15 

5.1 

2.24 

10.1 

2.31 

20.2 

2.41 

30.2 

2.47 

c4h10o 

Ether 


B  =  C(lHf.,  Benzene 

±2%  (275) 


M  % 

c 

P 

A 

6°C 

20°C 

100 

2  24 

2.36 

75 

2.18 

2.30 

50 

2.10 

2.21 

25 

1 .119 

2.07 

0 

1.69 

1.77 
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THE  HEAT  CAPACITY  OF  ALLOYS,  AMALGAMS  AND  INTERMETALLIC  COMPOUNDS 

Luigi  Rolla 


Contents 
Ferrous  alloys. 

Amalgams. 

Non-ferrous  alloys. 

Symbols 

Cp  (resp.  C,„)  True  (resp.  mean) 
heat  capacity  at  I,  °C  (resp. 
h  to  <2,  °C),in  joules  per  gram- 
molecular  weight  per  deg  C. 

cp  (resp.  cm)  True  (resp.  mean) 
specific  heat  at  t,  °C  (resp.  t\ 
to  U,  °C),  in  joules  per  gram 
per  deg  C. 

Arrangement 
In  each  part  the  alloys  are 
arranged  in  alphabetical  order 
according  to  the  chemical  sym¬ 
bols  of  the  elements  which  they 
contain.  Thus,  Cu-Al  alloys 
will  be  found  under  Al;  but 
Cu-Sn  alloys  will  be  found 
under  Cu,  Zn-Sn  alloys  under 
Sn,  etc. 


Matieres 
Metaux  ferreux. 

Amalgames. 

Alliages  non  ferreux. 

Symboles 

Cp  (resp.  Cm)  Capacite  calorifi- 
que  vraie  (resp.  moyenne)  a 
l,  °C  (resp.  t\  k  L,  °C)  en  joules 
par  poids  mol6culaire  gramme 
et  par  degr6  C. 

cp  (resp.  Cm)  Chaleur  sp6cifique 
vraie  (resp.  moyenne)  it  t,  °C 
(resp.  L  h  <2,  °C)  en  joules 
par  gramme  par  degre  C. 

Arrangement 
Dans  chaque  partie,  les  alli¬ 
ages  sont  arranges  dans  l’ordre 
alphabetique  en  accord  avec  les 
symboles  chimiques  des  ele¬ 
ments  qu’ils  contiennent.  Ainsi 
les  alliages  Cu-Al  seront  trouv^s 
sous  Al  alors  que  les  alliages 
Cu-Sn  seront  trouves  sous  Cu 
et  les  alliages  Zn-Sn  sous  Sn, 
etc. 


Inhaltsverzeichnis 

Eisenlegierungen. 

Amalgame. 

Eisenfreie  Legierungen. 

Zeichen 

CP  (bezw.  Cm)  Wahre  (bezw. 
mittlere)  Wiirmeinhalt  bei 
t,  °C  (bezw.  ti  bis  L,  °C)  in 
Joule  pro  Gramm-Molekular- 
gewicht  pro  °C. 

Cp  (bezw.  cm)  Wahre  (bezw. 
mittlere)  spezifische  Warme 
bei  t,  °C  (bezw.  L  bis  U,  °C) 
in  Joule  pro  Gramm  pro  °C. 
Anordnttng 

In  jedem  Teil  sind  die  Legie¬ 
rungen  nach  dem  Alphabet 
geordnet  und  zwar  nach  den 
chemischen  Symbolen  der  sie 
zusammensetzenden  Elemente. 
So  wird  man  Cu-Al-Legie- 
rungen  bei  Al  finden,  aber  Cu- 
Sn-Legierungen  bei  Cu  dann 
Zn-Sn-Legierungen  unter  Sn 
und  so  fort. 


Indice  paok 

Leghe  del  ferro .  118 

Amalgame .  119 


Leghe  non  contenenti  ferro  119 
Simboli 

Cp  (o  Cm)  Calore  specifico  vero 
(o  medio)  a  t,  °C  (o  fra  L  e 
ti,  °C)  espresso  in  joule  per 
grammo  molecola. 

Cp  (o  cm)  Calore  specifico  vero 
(o  medio)  a  t,°C  (o  fra  U  e 
h,° C)  espresso  in  joule  per 
grammo. 

Disposizione 

Le  leghe  sono  disposte  in 
ordine  alfabetico  secondo  i 
simboli  chimici  degli  elementi 
in  esse  contenuti.  Per  esempio, 
la  lega  Cu-Al  si  trova  sotto  Al; 
la  lega  Cu-Sn  si  trova  sotto  Cu, 
la  lega  Zn-Sn  sotto  Sn,  ecc. 


FERROUS  ALLOYS 
Fe-C 

v.  also  Vol.  II,  p.  518 


Cm(17-100°)  =  0.4661  +  0.0184  X  %  C  (From  0  to  7%)  G4) 


%  c 
Cm  G4) 

|  17-250° 

10.  17 
0.4956 

0.35 

0.4985 

0.81 

0.5056 

1.00 

0.5119 

1.43 

0.521s 

4.13 

0.581s 

%  c 

Cm  (14) 

|  17-400° 

f  10.11 

0.5207 

0.45 

0.5249 

0.89  11.22 

0.5362  0.542s 

1.54 

0 . 5445 

4.06 

0.5919 

%  c 

Cm  (14) 

|  17-500°  ■ 

O  O 

Cn  h-* 
4^  •<! 

0.45  10.89 
0.5475[0.5579 

1.22 

0 . 5592 

1.54  14 . 06 
0.5617  0. 6OO2 

c,%  }  17-550‘  { 

0.17  1.54  4.06 

0.5517  1  0.555i  0.6019 

%  C 

Cm  G4) 

|  17-640° 

[0.17  0.45 

■0. 5747:0. 5772 

0.89 

0.5839 

1.22  1.54 

0.585c  0.586s 

4.06 

0.609o 

■  17“680°  (  i  n'cL 

Cm  (14)  1  J  11  0.5902 

0.89  I  1.00  4.06 

0.5969  0.5985  0.6165 

0.5%  C;  cm(  — 186  to  +18°)  =  0.3570;  (18-100°)  =  0.4730  (i). 
For  higher  temps.,  v.  Fig.  2. 

Fe3C,  Cementite  G4);  Mol.  wt.  =  179.52 


t,  °C . 

100 

250 

400 

525 

640 

Cm  (17-4°) . 

106.0 

114.4 

114.7 

114.4 

113.5 

0.09%  C;  c  =  0.4889  (tempered  from  850°C  in  II2O);  =  0.4922 
(annealed  24  hr  at  650°C)  0  °). 


%  C  (10) . 

c  (normalized) 
c  (annealed) . 

...0.29  0.50  11.70 

. . .  0.481s  0.4872  0.4939 
. . .  0.4801  0 . 478s  0.488s 

0.89 

0 . 4989 
0 . 496t 

1.05  1.48 

0.5039  0.5136 
0.507s 

Cast  iron  (annealed  m  minutes  at 

670°C)  (10) 

rn . 

0  |  5 

10 

I  60 

c . 

0.5739  !  0.563o 

0.550s 

0.4847 

Fe-Ni,  Ferroniekel 

30%  Fc;  cp  =  0.469f>  at  100°C  (5). 

Fe-Sb 

55%  Fe;  cm  10-100°)  =  0.3637  G2). 


_ Fe-Si _ 

%  Fe  (23) . [90  S6  1 50  25  15  5 

cm  (0-41°)  . I  0.543  0.553'  0.606  0.655  0.673  0  <>02 

FeSi  (34);  Mol,  wt.  =  83.9 _ 

t ,  °C . !  17-100  |l00  200  |300  [400  j500  1 600 

C  .  49.7  (32)  51.5  54.1  56.2  57.9  59.4  60.4 


Special  Fe  Alloys 

Fe,  71.6  +  Si,  1.7  +  V,  26.7;  c„(15-100°)  =  0.496  (»«) 

"  f  \t° . I  — 182  to  —  15  |  15-100  |  15-600  I  (36) 

Invar  a. .  0.3876  0.5029  0.5274 


HEAT  CAPACITY— ALLOYS 


Ii9 


C,  1.25  +  Mn,  0.62  +  Si,  0.46;  c,(12°)  =  0.513  (3). 

C,  0.7  +  Mm.  0.S2  +  Ni,  31.4;  cp(12°)  =  0.506  (*). 

C,  0.6  +  Mn,  5.04  +  Ni,  25.0;  cp(12°)  =  0.496  (3). 

C,  0.76  +  Mn,  0.28  +  W,  11.5;  cp(12°)  =  0.436. 

C,  0.26  +  Si,  5.50;  cp(12°)  =  0.450  (3). 

C,  1.09  +  Cr,  9.50;  cp(12°)  =  0.505  (3). 

C,  0.04  +  Al,  1.0  4-  Cu,  3.75  4-  Mn,  0.16;  cp(12°)  =  0.491  (3). 
S  (Tj  Cu  MIT  P  Si  i  c'/°  =  0.441 

%  0.025  0.1  0.035  0.11  0.(X)3  0.18  cj,00°  =  0.496  (H) 

Krupp  Steel 

I.  C,  0.01  4-  Mn,  Tr.  +  P,  0.04  4-  S,  0.03  4-  Si,  0.02. 

II.  C,  0.06  4-  Mn,  0.05  4-  P,  0.005  4-  S,  0.019  4-  Si,  0.005. 


t° .  250  300  350  1  400  ,  450  500 

n(0-<°)  (7) .  0.504  0.516  0.526  0.537  0.549  0.560 

cii(0-<°)  (22) .  0.511  0.526  0.538  0.546  0.561  0.572 

t° .  550  6(X)  650  700  j  750  800 

ci(0-I°)  (7) .  0.570  0.584  0.600  0.622  0.643  0.669 

cn(0-O  (22) .  0.584  0.593!  0.612  0.667  0.701  0.711 

t° . .  850  900  I  950  1000  1050  11100 

c  0 -t  )  (7) .  0.689  0.688  0.675  0.652  0.6330.642 

cn(0-<°)  (22) .  0.711  0.711  0.707  0.702  0.699  0.697 


Ferromanganese  (21) 

C,  0.6  4-  Mn,  48  4-  Si,  21.9;  cm(-185  to  4-20°)  =  0.446. 
Ferronickel  (9) 

C,  0.36  4-  Ni.  0.24  4-  Mn,  0.4 


1° . I  0-18  20-100  !  20-270 

cm  (magnetic) .  0.4546  0.4939  0.5203 

Cm  (non-magnetie) .  0 . 4274 _ 0  ■  471.3 _ 0  ■  518o 


AMALGAMS 


Formula  or 
Wt.  %  Ilg 

t  or  At,  °C 

cp  or  Cm, 

joule/g 

Lit. 

90.4 

Hg-K 

-22  to  4-15 

O.I882 

(35) 

97 

Hg-Na 

—  22  to  4-15 

0 . 225? 

(35) 

90 

-21  to  4-15 

0.1592 

9.5 

Hg-Zn 

0  to  97 

0.3765 

(17) 

20.1 

0.3516 

(17) 

31.2 

0.3403 

(17) 

37.2 

0.364i 

(I7) 

49.0 

0.3457 

(17) 

61.2 

0.3202 

(17) 

67.7 

0 . 3055 

(17) 

79.7 

0.2829 

(17) 

88.6 

0 . 268.3 

O7) 

HgZn 

—  27  to  4-15 

0.23U 

(35) 

HgZn 

15  to  89 

0.2714 

(35) 

HgZnt 

-32  to  4-15 

0 . 2806 

(35) 

HgZns 

15  to  89 

0.3276 

(35) 

49 . 2 

Hg-Pb 

-30  to  4-15 

0.1447 

(35) 

49.2 

23  to  99 

0.1605 

(27) 

49.2 

15  to  89 

0.1772 

(35) 

32.6 

-25  to  4-15 

0.140i 

f35) 

32.6 

15  to  89 

0.135s 

|  35) 

12.2 

-34  to  4-15 

0.1276 

(35) 

12.2 

15  to  89 

0. 1293 

(35) 

10.0 

Hg-Sn 

0  to  97 

0.2289 

<”> 

20.0 

0  to  97 

0.224.7 

(17) 

30.0 

0  to  97 

0 . 288-1 

(l  7) 

Hg-Sn.  — (C  onlinnrd) 


Formula  or 
Wt.%  Hg 

l  or  At,  °C 

cP  or  Cm, 
joule,  g 

Lit. 

40.0 

0  to  97 

0.2875 

(,7) 

50.0 

0  to  97 

0.2879 

(l  7) 

60 . 0 

0  to  97 

0.2867 

(’ 7) 

70.0 

0  to  97 

0.282i 

(,7) 

80.0 

0  to  97 

0.269i 

(17) 

90.0 

0  to  97 

0 . 252s 

(,7) 

lIg2Sn 

-23  to  4-15 

0.1649 

(35) 

IIg2Sn 

15  to  89 

0.310i 

(35) 

HgSn 

-30  to  4-15 

0. 1709 

(35  j 

HgSn 

15  to  89 

0 . 298o 

(35) 

HgSn 

22  to  99 

0.305s 

(2  7) 

IIgSn2 

—  24  to  4-15 

0.1927 

I"35) 

HgSn  2 

15  to  89 

0 . 2729 

(35) 

HgSn  2 

21  to  99 

0 . 2758 

(27) 

IlgSnj 

-23  to  4-15 

0 . 2009 

(35) 

HgSn  3 

15  to  89 

0.242i 

(35) 

HgSn< 

-30  to  4-15 

0.2061 

(35) 

HgSn< 

15  to  89 

0.245i 

(35) 

HgSn  6 

— 16  to  4-15 

0.2109 

(35) 

HgSn  6 

15  to  89 

0.2319 

(35) 

NON-FERROUS  ALLOYS 


Two-Component 

Ag-Al 

Ag3Al,  Mol.  wt.  =  350.6;  C  p,  joule  mole 


t° 

150 

-1(X) 

-50 

0 

4-50 

(32) 

CP . 

79.84 

87.47 

93.49 

97.74 

100.4 

t° . 

200 

300 

400 

500 

600 

(34) 

. 

106.1 

109.2 

111.6 

114.5 

116.9 

t° . 

18-100 

18-300 

18-600 

100 

(3  4) 

Cp . 

100.2 

104.6 

108.6 

101.8 

t° . 

-182  to  4-15 

15-100 

15-227 

15-110 

(36) 

CP . 

90.99 

102  1 

103.3 

106.5 

Ag>Al 

Mol.  wt  =  2 

42.72;  C 

p,  joule/mole 

t° . 

150 

-1(X) 

-50 

0 

4-50 

(32) 

Cp... 

5 

7.6 

64.6 

70.1 

74.0 

76.1 

1°  .  .  18-100  18-300  18-600  UK)  200 

300  400  I  500  I  600  I  (3«) 

C\ .  76.2 

1  / 

8.9 

82.9  |7 

7  5  79 . 7 

81  .8  84 

9|88. 1  [92 . 71 

AgAl 

2  (36),  Mol.  Wt. 

=  431.4 

t° . 

I  -182  to  4-15  |  15-100  15 

-300  | 

15-496 

Cp . 

261 .3 

325 

3  1  343.0 

378.0 

Ag-Au 

cp,  joule  g  (31 


Ag, 

80  % 

t° 

-136  I 

-39 

4-12 

Au, 

20  % 

Cp 

0.1921  1 

0 . 2072 

1  0 

2147 

Ag-Mg 

AgMg,  Mol.  wt. 

=  132.2; 

Cp,  joule 

mole 

!°.. 

-1501  —  100 

-50 

0  4-50  17- 

1(H) 

(32) 

^  r- 

36.6  1  41.4 

45  0 

47.5  48 

.9  48 

9 

<°.. 

IS  1(H)  IS  300  1(H)  200  j  3(H)  1  400  5(H) 

6(H)  j  (34) 

Cp- 

. |  49.3  |  515 

50.4  52 

153  9  55 

.  6(57 . 7 

■  59 

2 

Ag-Sb 

AgjSb,  Mol.  wt. 

=  445.41 

;  Cp,  joule 

1  /mole 

t°.. 

-150  I  -100 

-50 

0 

4-50 

(3>) 

Cp. 

86.0  94.2 

99  9 

103.4 

103  5 

t°.. 

100  |  200 

300 

IS  1(H)  ’ 

IS  4100 

(34) 

Cp. 

104.4  107  0 

117.5 

103  3  | 

Ki7  O 

120 
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Ag-Te 

AgjTe  (36),  Mol.  wt.  =  343.26 


t° . 

- 182  to  +15 

1.5-100 

15-180 

15-390 

Cp . 

74.1 

96.6 

98.6 

95.3 

Al-Bi 

Al,  94%;  Cm(20-100°)  =  0.436?  (33). 

Al-Cu 


ALCu,  Mol.  wt.  =  117.49 


t°. . 

-1501 

-100  -50!  0  1+50 

(32)1 18-1001 18-300 

18-600 

(34) 

Cp. 

1  48.  Bi 

58 . 7  ()6 . 1 1 7 1 . 1 1 73 . 7| 

|  73.6  61.1 

79.2 

AlCu,  Mol.  wt.  =  90.53 


t° . 

-150  1 

-100  I 

-50 

0 

+  50 

Cp... 

.1  31.7 

38.1  | 

43.0 

46 . 4 

48.4 

i° . 

..I  100 

200 

300 

400 

18-200 

18-400 

(34) 

Cp.... 

.  .  49.6 

51.7 

53.5 

56.6 

49.6 

51.5 

ALCu3,  Mol.  wt.  =  244.63 


1° . 

100 

1  200 

300 

400 

500 

Cp . 

92.4 

1 96 . 0 

98.7 

100.8 

102.3 

A1Cu2,  Mol.  wt.  =  154.1 


t° . 

.  100 

200 

300 

400 

500 

(34) 

Cp . 

. |  70.5 

73.2 

75.7 

77.7 

81.3 

A1Cu3,  Mol.  wt.  =  217.67 


f . 

_ I  -150 

-100  -50 

0 

+  50  (32)  I 

Cp . 

I  68.0 

79.8  88.7 

94.5 

97 . 5|  1  joule /mole 

t° . 

. 1  18-100 

18-300 

18-400  1 

(34) 

Cp . 

. 1  97.3 

101.1 

104.8  | 

joule /mole 

Al,  11.3%,  soft  bronze;  cm  (20-100°)  =  0.437  (is). 
Al,  60  %;  rm  (20-1 00°)  =  0.702  (33)  joule/g. 


Al-Mg 

Al,  92%;  Cp(room)  =  1.15  joule/g  (38). 

Al-V 

Al,  32.1%;  c,„(15-100°)  =  0.655  joule/g  (i«). 

Al-Zn 

Al,  60%;  cm(20-100°)  =  0.565  joule/g  (33). 

As-Sb 

cp,  joule/g  (30) 


t° 

29.6  %  As 

16.75  %  As 

5.56  %  As 

-190  to  -88 

0.2176 

0.2059 

0.193s 

-75  to  0 

0.2264 

0.2264 

0.2097 

0  to  25 

0 . 239o 

0.233i 

0.2185 

Au-Cu 


Au,  80%;  Cp  =  0.163g  at  —136°,  =0.1799  at  —39°, 
=  0.182o  at  +12°,  joule/g  (3 1 ). 

Au-Mg 


Form. 

Mol.  wt. 

/ 

-150 

-100-50 

0 

+50 

Au  Mg 

221.52 

Cp 

36.3 

41.3  45. 1 

47.9 

49.8 

Au  Mg2 

245.84 

Cp 

52.1 

59.5  65.7 

70.3 

73.6 

joule/mole  (32) 

AuMgs 

270.16 

Cp 

65 . 7 

77.2  86.3 

93.0197. 1 

Bi-Cd 


cm (17- 100°)  =  0.2347  -  0.00108  X  %  Bi,  from  40  to  90%  Bi 

(14). 


Bi-Pb 

Cm(0 — 100°)  =  0.1298  +  0.00013  X  (  %  Bi),  from  0  to  50  %  (29). 
c„ (0-100°)  =  0.1471  -  0.00217  X  (%  Bi),  from  50  to  96%. 

Bi-Sn 

Wt.  %  Bi  99  I  97  94  90  I  85  I 

Cm < 0-1 00°)  lo.  126e  0  131slo.134olo.1398  0. 1  43s[  joule  g  (29) 


Wt.  %  Bi 

Cm  (0-100°) 


50  25  15  7  3 

0. 181?  0.208s  0.222i  0.2236*0.2266 


joule/g  (29) 


Bi,  56.9%;  cm, (17-99°)  =0.188.3,  Cm(146-257°,  liq.)  =  0.190o 

(25). 

Bi,  44%;  em(44-56°)  =  0.1759  (13). 

Cd-Sn 

Cd,  32.2%;  cm(-77  to  +20°)  =0.231?;  (20-100°)  =  0.2344 
(35). 


Co-Sb 

CoSb,  Mol.  wt.  =  180.74  (32) 


t° . 

Cp... 

..117-1001-150  -100  -50 

.  51.2  38.1  42.7  46.5 

0 

49.3 

+50 
51  1 

i  joule /mole 

Co-Sn 

Co2Sn,  Mol.  wt.  = 

=  236.64 

f°.... 

.  - 150 

-100  ,  -50 

0 

+50 

17-100,  (32) 

Cp... 

. |  56.7 

64.6  |  70.9  | 

75.8  |  79.2  | 

79.4  | 

t° .  18-1001 18-2001  100  I  200  I  300  400  500  600  joule/ 

Cp . |  79.4  1  84.4  181 . 9  86 . 8l89 . 2  91 . 7  03 . 5  95  2  mole  (34) 


Cr-Sb 

CrSb2,  Mol.  wt.  =  295.55;  Cm (17-100°)  =  83.2  joule/mole  (32) 
CrSb,  Mol.  wt.  =  173.78  (32) 


t° . 

-150 

-100 

-50 

0 

+  50 

Cp . 

35.5 

41.5 

46.5 

50.3 

1  53.1 

Cu-Mg 

Cu2Mg,  Mol.  wt.  =  151.46 


t° . 

Cp . 

-150 

45.4 

-100 

52.2 

-50 

57.3 

0 

60.7 

+50 

62.4 

(32) 

f. . 

18-100 

73.5 

18-300 

76.4 

18-500 
80.5  1 

100 

75.1 

200  300  400 
78. 0*81 .3186.5 

(34) 

Cp . 1 

CuMg-i,  Mol.  wt.  =  112.21  (32) 


t° . 

. 1  -150 

-100 

-50 

0 

+  50 

Cp . 

. 1  49.7 

57.7 

63.9 

68.4 

71.2 

joule/mole 

Cu-Mn 


Wt.  %  Cu 

t° . 

-136 

-39  :  +12 

90 

Cp . 

0.323 

0.376  0.396 

joule/g  (31) 

68 

cp . 

0.346 

0.400  1  0.414 

Cu-Ni 


Wt.  %  Cu 
95  (3i) 

90  (31) 

t° . 

CP . 

-136 

0 . 3059 
0.3072 

-39 

0.3575 

0 . 3662 

+  12 
0.3792 
0.380o 

Wt.  %  Cu 

<° . 

0 

18 

100 

40  (ii) 
Constantan 

CP . 

0.4102 

0.4089 

0.4269 

Cu-Sb 

Cu2Sb,  Mol.  wt.  =  248.91 


t° . 

..  -150 

-100 

-50 

0 

+50 

(32) 

Cp . 

.  .  1  60.6 

67.3 

72.3 

75 . 6 

77.1 

t° . 

Cp . 

100 

79.2 

200 

81.7 

300  18- 

84.0  1  77 

100  18-300  (34) 

.7  1  80.5 

Cu;,Sb, 

Mol.  wt 

.  =  312.48 

f . 

-150 

-100 

-50 

0 

+50  17-100  1  (32) 

Cp . 

81.7 

90 . 8 

97.6 

102.0 

104.1  I  102.5  1 

t° . 

18-200 

18-MOO 

100 

200 

300  400  1 (34) 

Cp . 

105.0 

107.0 

106.6 

109.5 

112.5  |  116.4  1 

Cu-Si 

Cu3Si,  Mol.  wt.  =  218.77;  Cm(17-100°)  =  97.4  joule/mole. 

Cu-Sn 

Cu,  80%,  bell  bronze;  Cm(15-98°)  =  0.36  (28);  c„(18-100°)  = 
0.2279  +  0. 0015505  X  %  Cu,  joulc/g  (from  10  to  90%)  (8) 
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Cu-Zn,  Brasses 

cm(  18-100°)  =  0.3863  +  0.0000232  X  %  Zn,  joule/g  (from  10 
to  00  95  8 

Cu,  60%;  c*,(  — 186  to  -79°)  =  0.311  (1.  *);  (-187  to  +19°), 
=  0.114  (3)  =  0.339  (2);  (20-100°),  =  0.384  (37). 

Cu,  60%;  with  1.2%  Si  +0.44%  Pb;  r„(-79  to  +18°)  = 
0.460  (2). 

Ir-Pt 

Cm(20-100°)  =  0.1352  for  10%  Ir  (26). 


Mg-Ni 
MgNij,  Mol.  wt. 

83.01 

t°. . 
Cp. . 

.  —79  to +  17  17-100  (32) 

. 1  63.3  74.4 

t° . 

18-100  18-300  18  500  100  200 

300  |  400  500  600  1  (34) 
83.6  86.6  87. 8;89 . 4 

Cp  . 

74.4  74.5  |  81.9  77.3[81.2 

Mg-Si 

Mg.Si,  Mol.  wt.  = 

76.70 

<°. . 
Cp.. 

—  150j  — 1001  —50’  0  1+50117-100 
41.4  52.3  |60.8;66.7  70.2|  70.3 

(32)1  100  300  j  600  (34) 
|72.2  78.8|84.7 

Mg-Sb 

Mg,Sb,,  Mol.  wt.  =  316.5 


f° . 

-150 

—  100 

-50 

0 

+50 

Cp . 

90.4 

105.6 

116.3 

123.4 

125.9 

Mg-Zn 

MgZn..,  Mol.  wt.  =  145.08 


<° . 

-150 

-100 

-50 

0  1 

+50 

17-100; 

(32) 

Cp . 

57.3 

63.9 

69.1 

72 . 7| 

75.0 

75.0  | 

t° . 

18-100 

18-300 

100 

200 

300 

400 

(34) 

Cp . 

75 . 0 

78.  1 

76.6 

80.0 

83.9 

94.1 

Mn-Ni 


%  Mn 
(31)  = 

95 

90 

55 

t° . 

-136 

0.387 

—39  1  +12  1  — 136  -39  1  +121-136)  -39 
0 . 435  0 . 445  0 . 386  0 . 435  0 . 459  0 . 380  0 . 448 

+  12 
0.464 

CP . 

Ni-Si 

Ni2Si,  Mol.  wt.  =  145.44 


1° . 

Cp . 

-150 

42.9 

-100 

53.6 

-50 

61.9 

0 

67 . 6 

+  50 
70.7 

(32) 

t° . 

(\ . 

1(M) 

72.4 

200 

76.1 

300 

78.5 

400 

80.4 

500 

82.5 

6(X) 

84.4 

(34) 

NiSi,  Mol.  wt.  =  86.75 

f° . 

CP . 

-150 

25.8 

-UK) 

33.5 

-50 
39 . 5 

0 

43.7 

+50 

46.3 

17-100 

46.3 

(32) 

1° . . . 

3(M) 

400 

5(H) 

600 

(34) 

cP . 

.  52.  l| 

54.  o| 

55.8 

57. 3| 

Ni-Te 

NiTe  (36),  Mol.  wt.  =  186.19 


t° . 

-182  to  +15 

15-KK)  | 

15-180 

15-385 

Cp  . 

44.8 

65 . 7 

1 

53.7 

54.8 

Pb-Sb 

(m(20-100°)  =  0.2078  -  0.000790  X  %  Pb  (from  21  to  90%) 
(6);  =  0.1301  +  0.000815  X  %  Sb  (from  5  to  96  %)  (15)  joule/g. 

Pb-Sn 

Pb,  \Yt.  =  63.7% 


t° . 

.  -178  to  -79 

-79  to  +18 

12-99 

C-m . .  • 

0.1507  (2) 

0.1628  (2) 

0.1706  (28) 

Pb-Tl 

Pb,  35%;  c„ (0-25°)  =  0.1281  (31). 


_ S-Se _ 

%  S  (3) . I  4  9  28.8  90.35  90  35 

r„(0-41°) .  0.3742  0 . 3906  0  470o  0.683i*  0  7I58| 


*  S  rhombic,  t  S  monoclinic. 

S-Te 

c»(0— 41°)  =  0.3202  (for  80%  S);  =  0.2913  for  60 %  S  (23). 


Sb-Zn 

SbZn  (32),  Mol.  wt.  -  1ST. 15 

t° . I  -150  -  1(H)  -50  0  +50 

Cp .  40.74 _ 45  9 1 _ 19  5.i _ 51  7s  I  53  hi 

Sn-Te 

SnTe  (36),  Mol.  wt.  =  373.7 

t° . I  -  182  to  +15  15-100  15-180  15  327 

Cm . I  73 .7  ill  1 6  5  i  i  6 

Sn-Zn 


em(16-100°)  =  0.2294  +  0.001636  X  %  Zn  (from  10  to  9(1';) 

(8). 

THREE-  AND  FOUR-COMPONENT  ALLOYS 
Heussler  alloy,  Al,  9;  Mn,  17;  Cu,  74;  cm  (0-46  1  0.4432; 

=  0.4482  after  tempering;  for  values  up  to  320  ,  v.  (39) 
d’Arcet’s  alloys 


%  Bi 

%  Pb 

%  Sn 

t° 

Cm 

Lit. 

49.2 

27.6 

21.2 

-68  to  +20 

0. 1456 

(35) 

49.2 

27.6 

21.2 

20  to  86 

0  2444 

(35) 

49 

32.5 

18.5 

12  to  50 

0.2051 

(25) 

49 

32.5 

18.5 

14  to  80 

0.2511 

(25) 

49 

32.5 

18.5 

107  to  136 

0. 1967* 

(25) 

49 

32.5 

18.5 

136  to  300 

0.1506* 

(2  5) 

49.2 

32.4 

18.4 

5  to  65 

0.1557 

(19) 

49.2 

32.4 

18.4 

120  to  150 

0.1670* 

(19) 

Rose  metal 


%  Bi 

%  Pb 

%  Sn 

<° 

C-m 

Lit. 

48.9 

27.5 

23.6 

-77  to  +20 

0. 1490 

35 

48.9 

27.5 

23.6 

20  to  89 

0.2310 

(35) 

48.9 

27.5 

23.6 

19  to  74 

0 . 2545 

(27) 

48.7 

24 

27.6 

5  to  65 

0.1765 

(19) 

48.4 

24.1 

27.5 

199  to  338 

0.1765* 

(25) 

32 

31.8 

36.25 

18  to  52 

0.1770 

(27) 

32 

31.8 

36 . 25 

1 1  to  98 

0.1873 

(24) 

32 

31.8 

36 . 25 

143  to  330 

0.1925* 

(24) 

*  Liquid. 

Lipowitz  alloy 

Bi,  50.7;  Cd,  10.1;  Pb,  25.0;  Sn,  12.2;  rm(5  50")  =0.1411; 


(100-150°,  liq.)  =  0.1783  (>9). 

Wood’s  metal 

Bi,  52.43;  Cd,  6.99;  Pb,  25.9;  Sn,  14.7;  r„(5  50°)  =  0.1473, 
(100-150°,  liq.)  =  0.1783  (>9). 

Manganin 

Cu,  84;  Ni,  4;  Mn,  12;  f,(0°)  =  0.406;  (18°)  =  0.4073;  (100°) 
=  0.4202  joule  g  (**). 

Phosphor  bronze 

Cu,  88;  Sn,  12;  P,  0.94;  r„(-188  to  + 1  s  ,  0.334s  4  ;  -‘0 

100°)  =  0.365?  (37). 
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The  values  recorded  are 

the  true  heat  capacity  at  constant 

(NH2OH)2.H2S04,  InBr3, 

18°C  (24)  '  CdS04, 

19°C  (i°. 

pressure,  c,  (at  t°)  or  the  mean  heat  capacity,  cm  (over  At).  The 
unit  in  all  cases  is  absolute  joules  per  g  of  solution  per  °C. 
1  abs.  joule  =  0.23895  cal15  =  0.2391s  cal20  =  0.0009482  BTU60. 
(See  f  urther,  Vol.  I,  p.  24.) 

Where  equations  are  given,  p  =  Wt.  %  of  solute.  In  general, 
values  computed  from  these  equations  may  be  relied  upon  to 
ca.  +0.01  joule. 

TWO-COMPONENT  SYSTEMS 
Aqueous  Solutions 

35-Table,  Standard  Arrangement  (v.  Yol.  Ill,  p.  viii) 


H,02i  20-50°C  (54) 


% 

30.59 

34.25 

60.48 

71.54 

74.54 


Cm 

3.98 
3. 08 
3.27 
3.19 
(3.28) 


HF,  Room  temp. 

(41,  48) 

% 


5 

10 

15 

20 

25 

30 

35 


HBr,  13-96°C, 
with  25  %,  Cm  = 
2.99  (58);  16-20°C, 
with  4.3  %,  cm  = 
3.948  (50). 

HI,  1G-20°C,  with 
6.7  %,  Cm  =  3.855 
(5°). 

HIO :t,  18°C  (2  4) 

C 


C 

3.96 

3.80 

3.65 

3.49 

3.33 

3.17 

3.02 


% 

8 

10 

15 

20 

25 

30 

35 

40 


3.85 

3.77 

3.60 

3.42 

3.24 

(3.05) 

2.84 

2.69 


HC1,  v.  p.  115 


HC103, 

4 

5 

10 

15 

20 

25 


18°C  (24) 
4.00 
3.96 
3.74 
3.52 
3.26 
3.00 


H2SO„,  v.  p.  115 
NHj,  v.  p.  115 
HNO.,,  20°C  (39. 

45,  49,  57) 


HN03. 

% 

90 

98 


(Cont’d) 

c 

2.23 

1.99 


NH,N03)  32°C 

(12);  cf.  (39,  57, 

63),  c  =  4.1787  - 
32.051  X  10"3p  - 
128.944  X  10-6p2 
-  270.89  X  10~V, 
range,  5-70%. 

NHiCl,  18°C  (57); 
cf.  (16,  39,  63),  c 

=  4.189  -  43.63 
X  10~3p  +  429.9  X 
10-6p2,  range,  5-28%. 
NH.OH.HC1, 
18.7°C  (13) 

%  I  c 

7.2  I  3.98 

1.9  !  4.085 

NHiBr,  18°C  (13,  50) 


HC104,  13°C 

(3,  49) 


% 

1 

2.5 

5 

10 

15 

20 

9A 


c 

4.13 

4.04 

3.92 

3.72 

3.55 

3.38 

3.22 


2.5 

5 

10 

15 

20 

25 

28 


4.055 

3.95 

3.73 

3.50 

3.27 

3.04 

2.90 


NH,I,  18°C,  c  = 


2.5 

4.06 

30 

3.08 

3.9  with  3.5  %;  = 

% 

c 

1  o.ut 

5 

3.96 

40 

2.80 

4.03  with  4%  (57). 

5 

3.93 

Cdl2, 

O 

o 

ts> 

10 

3.76 

45 

2.77 

(NH4)sS04,  18°C 

10 

3.68 

c  =  4.1816-35.62  X 

15 

3.57 

50 

2.74 

(39,  57),  c  =  4.1605 

15 

3 . 43 

10_3p 

-  177.5  X 

20 

3.37 

60 

2.65 

-  42.58  X  10 ~3p 

20 

3.19 

10'V 

X 

** 

CA 

+ 

45 

(2.24) 

70 

2.55 

+  296  X  10-»p2, 

25 

2.93 

10"V, 

range,  8 

47.5 

2.12 

80 

2.43 

range,  3.5  —33  %. 

27.2 

2.87 

-45%. 

18.6°C  (is) 


% 

15.4 

4.36 


c 

3.97 

4.08s 


H3P04,  0-15°C, 

with  19.04  %,  cm  = 
3.79  (1). 

For  C-Compounds, 
v.  p.  124 


Z  r  O 


3-80°C  (2  3) 


%  H20 
Of 

0.0075 

8.25 

17.3 

24.3 
33.0 
38.2 
56.9 
71.7  | 

*  Colloidal. 


Cm 

0.55 

0.60 

0.70 

0.92 

1.243 

1.675 

1.81 

2.565 

3.37 

f  Ignited. 


PbfN03)2,  18°C 

(5,  24,  39,  37),  c  = 

4.156  -  40.9  X 

10"3p  +  66.1  X 

10“6p2,  range  3-48  %. 

Pb(C2H302)2, 
Acetate,  18-51°C 
(39,  56) 


% 

10 

15 

20 

25 

30 

35 

40 


Cm 

3.85 

3.69e 

3.53 

3.37 

3.2 

3.06 

2.91 


ThCh,  18°C  (24) 


% 

5 

10 

15 

20 

25 

30 

32 


c 

3.97 
3 . 76 
3.54 
3.32 
3.10 
2.87 
2.78 


T1F,  18°C  (24) 


5 

10 

15 

20 

25 

30 


3.94 

3.73 

3.50 

3.28 

3.07 

2.87 


ZnCl2,  0-50°C  (7> 
39),  Cm  =  4.185  - 
X  10~3p  + 


10  “V, 


37.61 

29.04  X 
range,  0-65  %. 

ZnS04,  19°C  (12), 
c  =  4.185  —  51.626 
X  10-3p  +  323.6  X 
IQ-sp2,  range,  2.5- 
35%. 

Zn(N03)2,  20- 

50°C  (39),  Cm  = 

4.185  -  47.09  X 
10“3p  +  266.6  X 
10_6p2,  range,  5- 
50% 

Zn(CjH302)2,  Ace¬ 
tate  19-51°C  (39) 


% 

5 

10 

15 

20 


Cm 

4.07 
3.97  6 
3.87 
3 . 75 


22),  c  =  4.167 
47.49  X  10~3p  + 
164.3  X  10-6p2, 
range,  2-45  %. 
HgCl2,  0-98°C  (7) 


% 

1 

2 

3 


Cm 

4.14 

4.06 

3.97 


18°C  (24) 


% 

2 

4 

6 


c 

4.12 

4.05 

3.99 


CuCl2,  19-51°C 

(39) 

% 

3.5 
5 


10 

15 

20 

25 

30 

35 

40 

42.5 


Cm 

4.00 
3.94 
3.73 
3.54 
3.37 
3.20 
3.03 
2 . 87 
2.70 
2  62 


CuS04,  18°C  (39, 


42, 

57,  60  ) 

% 

C 

2 

4.09 

5 

3 . 95 

10 

3.73 

15 

3.50 

17 

(3.41) 

Cu(N03)>,  18-50°C 

(39) 

% 

Cm 

5 

3.96 

10 

3.74 

15 

3.54 

17 . 5 

3.44 

AgN03,  25-52°C 

(39) 

8.5 

3.83 

10 

3.77 

15 

3.59 

HEAT  CAPACITY— AQUEOUS  SOLUTIONS 


1 


j 


AgNO,.- 

-( Cord'd ) 

% 

Cm 

20 

3.41 

25 

3.22 

27 . 5 

3.13 

MnCL,  20-50°C 

(7> 

39) 

3.5 

3.98 

5 

3.91 

10 

3.70 

15 

3.52 

20 

3.34 

30 

3.03 

40 

2.76 

50 

2.51 

MnSOi, 

20-50°C 

(39) 

4 

3.99 

5 

3.94 

10 

3.71 

15 

3.52 

Mn(N03)3, 

20-50°C  (39) 

5 

3.94 

10 

3.73 

15 

3.52 

MnfC^HnOt,);!, 

Acetate, 

19-52°C 

(39) 

5 

4.03 

10 

3.896 

15 

3 . 76r> 

FeCl3,  0-98°C  (7), 

rm  =  4.274  —  54.72 

X  10~3p  +  461.6  X 

10"“p2,  range,  20- 

44%. 

FeS04, 

25-45°C 

(*);  cf.  (52) 

% 

Cm 

1 

4.093 

2 

4.00 

5 

3.829 

10 

3.63a 

15 

3  17.1 

20 

3.335 

25 

3.20 

30 

3.06e 

35 

2.95 

C0CI2, 

15-49°C 

(56) 

8.9 

3.62 

16.4 

3.21 

18- 

-90°C 

8.9 

3.75 

11.  1 

3 . 294 

NiCb,  24 

-55°C  (38) 

5 

3 . 87 

10 

3.61 

15 

3.38 

20 

3.17 

NiSO,,  26-56°C  <38 

5 

3.94 

10 

3.72 

15 

3.49 

Nii NO  2,  24  55T' 

(38) 


% 

Cm 

5 

3.93 

10 

3.71 

15 

3.52 

20 

3.33 

25 

3.15 

28.9 

3.00 

Ni(C2H  02)2,  Ace- 

tate,  26- 

56°C  (39) 

5 

4.03 

10 

3.907 

15 

3.78 

Cr03, 

15°C  (9, 

39),  C  = 

=  4.185  - 

0.4612p  +  0.0002p2, 

range,  0-62  %. 

(NH,)2 

CrO„  21- 

53°C  (39),  Cm  = 

4.174  - 

35.12  X 

10~3p  +  67.1  X 

10"6p2, 

range,  4- 

25%. 

A1CL, 

18°C  (24), 

c  =  4.165  -  69.51 
X  10“*p  +  321.9  X 
10“ 8/>2,  range,  2- 

15%. 

A1»(S04)»,  21- 

53°C  (39),  Cm  = 

4.187  -  38.13  X 
10~3p  +  241.3  X 
10— ®7>2,  range  3- 
20%. 

A1(N03)3,  18°C 

(24),  c  =  4.181 
52.71  X  10-3/>  + 
274  X  10_#p2,  range, 
3.5-25  %. 

A1NH«(S04)i,  20°C 
(S),  c  =  4.156 

-  38.21  X  10-’p  + 
118  X  10-6p2,  range, 
5-37.5  %. 

La(NO,)„  18°C 


(24) 


% 

c 

5 

3.94 

10 

3.71 

15 

3.49 

20 

26 

25 

3.04 

30 

2.81 

Sa(NO  j,  18°C 
(24) 


5 

3 

96 

10 

3 

76 

15 

3 

55 

20 

3 

36 

25 

3 

15 

BeClj,  18°C 

(24) 

2 

4 

06 

5 

3 

88 

10 

3 

53 

14 

3 

33 

BeS04,  21-52T' 
(39) 

Cm 


2.5 

5 

10 

15 

20 


4.07 

3.98 

3.79 

3.61 

3.44 


Be(N03)i,  18°C 

(24) 


% 

3 

5 

10 

15 

20 

MgCl. 


c 

4.03 

3.94 

3.71 

3.48 

3.26 

20-52°C 


(39);  cf.  (20)  (V.  Fig. 
1  and  Vol.  II,  p. 


MgBr2,  18°C  (24) 


% 

c 

2.5 

3.95 

5 

3.74 

10 

3.33 

15 

2.96 

17.5 

2.78 

MgS04,  18°C  (5. 

36,  42,  57) 


3 

3.99 

5 

3.90 

10 

3.67 

15 

3.46 

20 

3.28 

CaClj. — (Coni'  d) 
value  of  t  between 

—  25  and  20°C  0 1 ). 
See  further  Fig.  2 
and  also  Vol.  II,  p. 
328. 

CaS203,  Room 
temp.  (4),  c  =  4.147 

-  44.9  X  10_3p, 
range,  3-25  %. 

Ca(NO,),,  21 

5  1  0  C  (39),  rm 
=  4.163  -  42.61 
X  10_3p  +  213.8 
X  10_6p2,  range,  5- 
47.5%. 

Caf  C  3  O  •>)  2, 

Acetate,  20-52cC 

(39) 


SrCL,  19-51°C  (99) 

LiOH,  20°C 

(49 

%  !  Cm 

% 

c 

4 

3 . 95 

0.5  4 

17 

5 

3.90 

1.0  1  4 

12 

10 

3 . 65 

2.5  4 

06 

15  1  3.42 

5.0  3 

.  99 

Sr(N03)„  19-51°C 
(39) 

5  3 . 96 

10  ;  3.75 

15  3.56 

20  '  3.38 


Sr:  C.HjO.  ., 
Acetate,  20-52°C’ 
(39) 


328),  Cm  =  4.185  - 

% 

Cm 

5  3.996 

65.7  X  10“3p  +  565 

5 

4.02 

10 

3.83 

X  10~6p2,  range,  5- 

10 

3.875 

15 

3 . 67 

25%. 

15 

3.74 

18.6 

3.56 

Supersaturated 
solutions 
25  I  3.11 

30  2.94 

35  2 . 75 

37.5  |  2.65 

Mg(N03)j  21- 
52°C  (39),  Cm  = 

4.173  -  46.29 
10"3p  +  237.8 
10-6p2,  range, 
35%. 

Mg(C3HiOj)j, 
Acetate,  21-52°C 
(39) 

07  I  r 

C  1  m 


X 

X 

5- 


5 

10 

14 

CaCl:, 


4.03 

3.89 

3.78 

18°C, 


=  15.401  -  17.016d 
+  5.608d2  between 
d\*  =  1.09  and  1.41 
(»t  ;  ,•/.  14  .  Cm 

=  17.297  -  19.92d 
+  6.69(W2 

0.00363  20°  -  (\ 

for  <  =  1.175  to 
1.250  and  tor  any 


BaCl.,  18°C  (7«  ,6> 
39,  57),  c  =  4.223 

-  58.38  X  10->  | 
+  318  X  10-*/»;. 
range,  4-25%. 

Ba  NO,);,  1ST' 
(39,  57),  c  =  3.90 

with  6.8  %. 


Ba(C;H,0;)j, 
Acetate,  19-52°C 
(39) 


6 

10 

15 

20 


3  95s 
8  si 
3  65 
3  49 


LiCl,  18CC  (24, 

32,  45,  49) 

0.5  4  15 

2.5  4.04 

5.0  3 . 92 

10  I  3.68 

15  (3.48) 

20  (3.30) 

25  (3 . 13) 

30  2.98 

35  2 . 83 

40  I  2 . 69 

LiC103,  18°C  <24 


5.0 

10 

15 

20 

25 


3 . 98 
3.78 
3.5K 
3.36 
3.14 


LiBr,  18°C  (24) 


5.0 

10 

15 

20 

25 


3 . 94 
3.71 
3.47 
3  22 
2 . 97 


Lil,  18°C  (24) 


5.0 

3.96 

10 

3.73 

15 

3.49 

20 

3.26 

25 

3.02 

30 

2.77 

LilO,,  18°C  (24) 

8.0 

3.85 

10 

3.78 

15 

3.59 

20 

3.41 

25 

3.22 

30 

3.04 

35 

2.86 

LiNO„  20 °C  (49 

1.0 

4  15 

5  0 

t  nl 

10 

3.82 

13 

3.7<> 

NaOH,  v.  p.  115 
NaCl,  r.  p.  115 
NaBr,  18°t'  (16> 
24,  39),  c  m  4.155  - 
45.34  X  10-*/}  4- 
135.9  X  10-*p‘, 
range,  5-35  r{ . 

Nal,  18°C  (16*  24, 
39,  57),  c  -  4.1KO  - 
47.55  X  10-*p  + 
I  126.3  X  10 -*p\ 
|  range,  4—40  %. 
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Na2S04,  18°C  (39, 

S6,  5  7)^  ^  —  4.  If, 7  — 

47.36  X  l(r3p  + 
675  X  10""cp2,  range, 
3-24  %. 


Na2Cr04,  21-52°0 
(39),  Cm  =  4.159  - 
43.13  X  l()-sp  + 

363.5  X  10-*ps, 

,  range,  5-25%. 

NaHSO ,,  21  ('(39)  NaHC02,  Formate, 

16°C  (18) 


K.C  o  .  21  52  i 

(39) 

% 


5 

10 

15 


Cm 

3 . 95 
3 . 73 
3.53 


/c 

3 

c 

4.08 

% 

c 

5 

4.01 

3.6 

4.04 

10 

3 . 88 

7.8 

3 . 90 

15 

3.75 

13.1 

3.73 

20 

3 . 65 

NaC  .H  -CK,  Ace- 

tate,  18 

-20 °C  (5, 

NaNOs,  20°C  (39, 

39, 

57) 

47,  49,  57),  c  =  4.175 

% 

Cm 

-  37.42 

X  10"3p  + 

2 

4.12 

216.6  X  10-«p2, 

5 

4.02 

range,  1-39%. 

10 

3.88 

NaPOs, 

24-55°C 

15 

3.76 

(39) 

20 

3.65 

% 

Cm 

25 

3.54 

3 

4.07 

30 

3.44 

5 

4.00 

KOH, 

v.  p.  115 

10 

3.83 

KF,  18°C  (24), 

15 

3.67 

c  =  4.176 

-  54.7  X 

18.5 

3.56 

10“3p  + 

380.9  X 

10  6p2,  range,  4-20%. 

NaH2PO 

1,  24-55°C 

KC1,  v.  p.  115 

(39) 

KC10:„ 

20°C  (5), 

3 

4.07 

c  =  4.170  -  56.33 

5 

4.00 

X  10_3p 

+  396  X 

10 

3.85 

10  6p2,  range,  5- 

15 

3.70 

25%. 

20 

3.56 

KBr,  18°C  (16. 

Na  >HPO 

,  24-55°C 

39,  57),  c 

=  4.177  — 

(39) 

47.81  X  10_3p, 

3.8 

4.02 

range,  3-30%. 

7.3 

3.91 

KI,  18°C  (I*5.  3  9, 

55, 

57) 

Na4P207 

24-55°C 

%  • 

c 

(39) 

4 

4.00 

3.6 

4.04 

5 

3.95 

6.8 

3.92 

10 

3.71 

NaH2As04,  26- 

20 

3 . 23 

57°C  (39) 

30 

2.75 

5 

3.99 

40 

(2.32) 

10 

3.82 

50 

(1.9) 

15 

3.66 

60 

(1.5) 

18.5 

3.50 

k2so4, 

ca.  1S°C 

25 

3.35 

(39,  55,  57) 

4 

4.02 

Na,HAs04>  25- 

5 

3.92 

56°C  (39) 

6 

3.85 

5 

3.97 

8 

3.77 

10 

3.79 

‘1  A  1 

KNO.i, 

20°C  (39, 

10 

O  .  04 

47,  49,  57 

63),  c  = 

17.5 

3.57 

4.172  - 

44.3  X 

Na2C03, 

20°C  (39, 

10"3p  + 

421.2  X 

57) 

10  “p2,  range,  2.5- 

% 

c 

20%. 

2.5 

4.05 

k2co3, 

21-52°C 

5 

3.94 

(39),  c  = 

4.179  - 

10 

3.77 

49.23  X 

10~3p  + 

15 

3 . 66 

331.2  X 

10~6p2, 

20 

3.59 

range,  5-45%. 

KC2H302,  Acetate, 
20-51°C  (39) 

5  4.005 

10  3.83 

15  3.68 

20  3.54 

25  3.40 

30  3.26 

35  3.13 

40  3.0 

45  2.86 

50  2.73 

K2Cr04,  18°C  (16. 
39),  c  =  4.172 
50.52  X  10“3p  + 
234.7  X  10-6p2, 
range,  5-30%. 

KA1(S04)2,  20°C 

(5),  c  =  4.205  - 
41.42  X  10“3p  + 
254.4  X  10-V, 
range,  6-40%. 

KNa(N03)s  (47), 
c  =  4.01  with  4.7  %; 
=  3.59  with  16.7  %. 

RbCl  (49) 

RbBr,  18°C  (24) 


% 

c 

7.5 

3.82 

10 

3.70 

15 

3.45 

20 

3.19 

25 

2.93 

RbNOj  (49) 
CsCl,  20°C  (49) 


2 

5 

10 

15 


4.08 

3.94 

3.70 

3.47 


CsBr,  18°C  (24) 
8  3.71 

10  3.61 

15  3.31 

20  3 . 00 

25  2.68 

30  2 . 40 

35  2.15 

40  1 . 94 

CsNOj,  20°C  (49) 

2.5  I  4.07 
5  3.96 


C-Table,  (L- 
Ma/Mb 

CH202,  Formic  acid, 
16-50°C  (i®.  33; 


Ma/Mb 

200 

100 

50 

40 

30 

20 

15 

10 

8 

6 

5 

4 

3 

2 

1.5 

1.0 

0.5 

0 


Cm 

4.15 
4.12 
4.06 
4.02 
3 . 97 

3.90 
3.84 
3.73 
3.66 
3.54 
3.46 
3.38 
3.28 
3.02 
2.94 

2.91 
2.80 
2.24 


CH4N20,  Urea, 
16-20°C  (18.  31,  34, 
36) 


% 

1 

2.5 
5 

7.5 
10 
12 


Cm 

4.16 

4.11 

4.05 

3.98 

3.90 

3.85 


CH40,  Methyl  alco¬ 
hol,  v.  p.  116 

CH;,N02,  Ammo¬ 
nium  formate,  8.5°C 
(18) 

C 


% 

1.7 

3.4 

6.5 


4.12 

4.06 

3.95 


C2HC1302,  Trichlor¬ 
oacetic  acid,  14°C 

(18) 


Arrangement  ( v .  Vol.  Ill,  p.  viii) 
=  Moles  II 20  per  Mole  Solute 
C2H204,  Oxalic 
acid,  20-52°C  (39) 


Ma/Mb 

200 

100 

50 


Cm 

4.11 
4.03 
3 . 94 


C2H,Cl;,NO,,  Am¬ 
monium  trichloro- 
acetate,  12°C  (i») 

%  I  c 

4.9  1  4.09 

9.3  ;  4.04 

c2h4ci3no3, 

Hydro  xyla  mine 
trichloroacetate, 
19°C  (is) 

5.18  I  4.08 
9.85  I  3.99 

C2H402,  Acetic 
acid,  v.  p.  115 

C2H3NO,  Acet¬ 
amide,  ca.  20°C 
(34) 

1.6  I  4.15e 
3.2  |  4.13 

C2H60,  Ethyl  alco¬ 
hol,  v.  p.  116 

C»H602,  Glycol, 
20°C  (53) 


% 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 


c 

4.15 
3.96 
3.75 
3.58 
3  38 
3.185 
3.01 
2.82 
2.63 
2.35e 


C2H7N02,  Ammo¬ 
nium  acetate,  17.5°C 

(18) 


C3H602,  Propionic 
acid,  22-50°C 

(18,  33) 


Ma/Mb 

100 

50 

40 

30 

20 

15 

10 

8 

6 

5 

4 

3 

2 

i .  5 
1.0 
0.5 
0 


Cm 

4.16 

4.12 

4.11 

4.09 

4.03 

4.01 

3.88 

3.76 

3.63 

3.55 

3.43 

3.26 

3.03 

2.91 

2.82 

2.48 

2.19 


C.H603,  Lactic  acid. 
ca.  16°C  (18) 


Ma/Mb 

200 

100 

50 

25 


c 

4.14 
4.11 
4 .06 
3.96 


C3H80,  Propyl 
alcohol,  v.  p.  116 

C3Hs03,  Glycerol 
ca.  20°C;  cf.  p.  116 

(29,  34,  35,  36  ) 


% 

1 

5 

10 


c 

4.166 

4.097 

4.01 


C4H„06,  Tartaric 
acid,  18°C  (57) 
Ma/Mb  |  c 
200  i  4.08 
100  3.98 

50  3.81 

25  3.58 


10 

15 


3.74 

3.54 


200 

4.09 

2.1 

4.13 

10 

3.12 

100 

4.00 

4.1 

4.08 

c4h,o2, 

n-Butyric 

50 

3.84 

7.9 

3.98 

acid,  23- 

50°C  (33) 

C,H2C1202,  Dichlor- 

14.6 

3.81 

Ma/Mb 

Cm 

oacetic  acid,  18°C 

C3HflO, 

Acetone, 

50 

4.17 

n  sx 

ca.  17 

5C  (51) 

40 

4.06 

Ma/Mb 

c 

0 

4. 181 

30 

4.00 

200 

4.12 

10 

4.15 

20 

3.92 

100 

4.06 

20 

4.08 

15 

3.81 

30 

3.98 

10 

3.64 

C2H3C102,  Chloro- 

40 

3.87 

8 

3.54 

acetic  acid,  18°C 

50 

3.75 

6 

3.41 

(18)' 

60 

3.5e 

5 

3.32 

200 

4.16 

70 

3.3a 

4 

3.21 

100 

4.10 

80 

3.0i 

3 

3.06 

50 

4.01 

90 

2.66 

2 

2.86 

25 

3.85 

100 

2.196 

1.5 

2.79 

HEAT  CAPACITY— NON- AQUEOUS  SOU  TIONS 


C.H.O.. 

-( Conl’d) 

Ma  Mb 

Cm 

1  .0 

2.65 

0.5 

2.42 

0 

2.11 

C4Hi0O,  Isobutyl 
alcohol,  26-‘29°C,  cm 
=  4.55  with  7.6%; 
25  28°C,  Cm  =  4.47 
with  5.5%  (44). 


Cr.H7N,  Aniline,  v. 
p.  115 

CcHsOy,  Citric  acid, 

18°C  (55) 


Ma/Mb 

c 

200 

4.03 

100 

3.90 

50 

3 . 72 

25 

3.45 

15 

3.19 

10 

2.98 

C4H,..C1N,  Tetra- 
mc  th  y  lamm  on  ium 
chloride,  19°C,  c  = 
4.07  with  2.94  % 

(is). 

CflH60,  Phenol, 
18-  98° C  (29);  c™  = 
4.152  with  2.54%; 
for  data  at  70-74°C, 
v.  (16.5). 

CeHoO.,  Hydro- 
quinol,  ca.  20°C  (35) 
%  c 

1.5  4.15s 

2.0  4.15 


C6H602,  Pyrocat- 
echol,  ca.  20°C  f35) 


1.5 

4. 16:» 

2.0 

4.16 

C  (H«0  2 , 

Resor- 

cinol,  ca. 

20°C  (35) 

1.5 

4.15s 

2.0 

4.15 

CeH^CENO:,  Tet- 
ramethylararao- 
nium  trichloro- 
acetate,  19°C,  c  = 
4.056  with  6.17% 
(i  5\. 


(  ’r,  H  1  ;Oj, 

Dextrose 

ca.  20° C  (34,  37,  5  5) 

% 

c 

5 

4.04 

10 

3 . 93 

15 

3.81 

20 

3.70 

25 

3.60 

30 

3.49 

35 

3.37 

40 

3.27 

45 

3.18 

50 

3.10 

55 

3.03 

C  e  H 1 2  O  f, ,  Levulose 

ca.  20°C  (35.  36) 

4.8 

4.09 

3.2 

4.12 

2.4 

4.135 

CcHhOr,  Duleitol, 
ca.  20°C  f 3  5  ) ,  r  = 
4.13e  with  2.5%, 
=  4.147,  with  2%. 
CcHmOc,  Mannitol, 


ca.  20°C  (35) 

% 

c 

1 

4.17 

5 

4.104 

10 

4.03 

C8H24N,04S,  Tet- 
r  a  meth  vl  a  mmo- 
nium  sulfate,  18°C, 
c  =  4.08  with  6.35  % 
(ls). 

C12H22O11,  Lac- 
tose,  ca.  20°C,  c 
=  3.976  with  8.7  %: 
=  4.04  with  5.96% 
(35). 

C 1 2  H  2  0 1 1 ,  M  a  1  - 


tose,  ca. 

20°( 

c  = 

4.04  with 

5.96%;  = 

4.074 

with 

4.54% 

(35). 

C 12H22 

On, 

Su- 

crose, 

ca. 

20° 

C  (29, 

34,  36, 

55  );cf 

(23) 

% 

c 

5 

4 

04 

10 

3 

89 

15 

3 

77 

20 

3 

64 

30 

3 

.39 

40 

3 

.14 

50 

2 

.94 

60 

2 

.83 

Ci4H10O9,  Digal¬ 
lic  acid,  ca.  18°C, 
c  =  4.10  with  4.28% 
(29). 


Non-Aqueous  Solutions 


B  =  HgCD.— 

B  = 

ZnClj 

C.H  N 

(Cant'd) 

Pyridine 

22°C  f40' 

%  B 

c 

cr 

/ O 

B 

c 

15 

2.51 

8 

5 

2 . 584 

B  = 

AgNO, 

18 

2.45 

10 

2.554 

%  B 

c 

B  = 

MnCl; 

15 

2.44 

1.06 

1 . 600 

5 

2.76 

20 

2.325 

B  = 

AgCNS 

7.5 

2.73 

25 

2.19 

1  03 

1 . 593 

10 

2.70 

30 

2.00 

B  = 

HgCl2 

15 

2.65 

35 

1 .94 

1.68 

1 .637 

20 

2.60 

40 

1.85s 

B 

HgD 

25 

2.55 

45 

1.75 

2.79 

1  . 58.3 

2.  Both  Components  Organic  Compounds  (T -Table. — 

ecu 

B  =  CHCls  (62) 


Mb 

Ma 

20°C 

30  °C 

40°C 

50  C 

1 .00 

0.00 

C 

0.967 5 

0.981 

0 . 997 

1  017 

0.75 

0.25 

C 

0 . 920 

0 . 932 

0.947 

(i  9665 

0.50 

0.50 

C 

0.886 

0  8955 

0.908 

0 . 923s 

0 . 25 

0.75 

C 

0  8535 

0 . 860 

0.868 

0 . 879s 

0.00 

1.00 

C 

0.833 

0.8494 

0.853s 

0.880 

B  =  CJD  (62) 


Mb 

Ma 

20°C 

30°C 

40°C 

50°C 

60  C 

1 .00 

0 . 00 

c 

1.707s 

1.737 

1.763 

1 .8165 

1.90-T 

0.75 

0.25 

c 

1 ,387  s 

1.400 

1.421 

1 .480 

1  .551 

0.50 

0.50 

c 

1.138 

1 . 1585 

1.179 

1 .203 

1  239 

0.25 

0.75 

C 

0.962 

0.971 

0.983s 

1.004 

1 .038 

0.00 

1  .00 

c 

0.833 

0 . 849s 

0.853s 

0 . 860 

0 . 889 

%  A 

(52) 

20°C 

35°C 

50  °C  l 

%  A 

(52) 

20°C 

35°C 

50°C 

0 

1 

765s 

1 

98e 

2 

2055 1 

60 

1 

00  4 

1 

197 

1 

39s 

10 

1 

63  0 

1 

85 1 

2 

06  5 

70 

0 

927 

1 

102 

1 

27  0 

20 

1 

49.3 

1 

7  lr> 

1 

92s 

80 

0 

858 

1 

Olo 

1 

147 

30 

1 

35s 

1 

58o 

1 

78e 

90 

0 

816 

0 

93  0 

1 

034 

40 

1 

222 

1 

429 

1 

65  4 

100 

0 

807 

0 

878 

0 

939 

50 

1 

lOo 

1 

30  s 

1 

527 

1.  One  Component  an  Inorganic  Compound 


H-SO., 


B  =  HN03 
20°C  (45) 


%  B 

C 

0 

1 

402 

5 

1 

423 

10 

1 

44o 

20 

1 

49o 

25 

1 

51s 

30 

1 

54s 

40 

1 

59os 

50 

1 

63a 

60 

1 

.682 

70 

1 

7  It 

75 

1 

.775 

80 

1 

.816 

90 

1 

.902 

95 

1 

.93a 

100 

1 

.  98s 

CSc 

C,H„0 

B  =  C,HtN,  Aniline,  25 

’C  (21) 

Ethyl 

xlcohol, 

%  B 

0 

10 

20 

30 

40 

50 

ca.  v»/  \°° ) 

99.3  % 

c . 

1 1  No  : 

0.99  1 

12 

1.245 

1  806 

1.48 

B  = 

Br 

(I1.1  =  0.797:  Cm  = 

%  B 

c 

2.858;  0- 

-98° C  (7) 

%  B. 

60 

70 

Sll 

90 

100 

51 

0 . 73o 

B  = 

FeCB 

c . 

1.60  i  1 

.72 

1  82 

1  93 

2  02e 

B 

=  I 

%  B 

c 

14.3 

0.916 

5 

2.72 

7.72 

0 . 954 

7.5 

2.67 

CS- 

B 

=  S 

10 

2 . 624 

B  =  CHCli  (52) 

Ul)  f, 

0  958 

1  ^ 

2  54 

17.4 

0 . 97i 

20 

2.45 

<  \ 

—  30°C 

-  10°C 

+  20°C 

%  A 

-80°C 

10  « 

+20°C 

9.5s 

0 . 97 1 

25 

2.35 

0 

0  959o 

0 . 969s 

0.9786 

60 

0.887 

0  9 1  a 

0  968  5 

4.05 

0 . 984 

30 

2.26 

10 

0.94  2 

0  956 

0.97.3 

70 

0.886 

0  92 1 

0  97i 

B 

=  P 

32 . 1 

2.226 

20 

0 . 92e 

0  94i 

0.97i 

SO 

0.89s 

0  927 

0  977 

62 

0.916 

B  = 

HgCl, 

30 

0  91 1 

11  93  s 

0 . 96s  5 

90 

0  91b 

0  95o 

0  98s 

45 

0.92s 

3 

2.75s 

40 

0.90o 

0.92s 

0.96s 

100 

0.972s 

0 . 985o 

1 . 005o 

29 

0.942 

5 

2.71s 

50 

(i  80 1 

0 . 92.* 

0  967 

-L 

16.9 

9 . 27 

0.95s 

0  96o 

7.5 

10 

2.66 

2.60s 

B  = 

CH.O, 

Methyl  alcohol. 

».  p.  no 
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CS2. — (Continued) 

B  =  C,H,„0,  Ethyl  ether  (52) 


A 

— 30°C 

-10°C 

+20°C||  %  A 

—  30°C 

-  10°C 

+20°C 

0 

2.0675 

2. 1412 

2. 253s  | 

60 

1.34s 

1 ,41o 

1.49i 

10 

1  93s 

2.014 

2.126 

70 

1.247 

1 . 295 

1  .369 

20 

1 .8I0 

1 .887 

1.99s 

80 

1  .  14.3 

1 . 180 

1.245 

30 

1 .69: 

1 ,76s 

1 . 85o 

90 

1.055 

I.O80 

1.122 

40 

1.576 

1.65o 

1.74i 

100 

0.972s 

0 . 9848 

1.005c 

50 

1  45  s 

1.53o 

1.61a 

B  :  Cu,H8,  Naphthalene,  at  ca.  18°C,  c  =  1.084  with  14.2%  B  G7) 

CHCI3 

B  =  C;)H,0,  Acetone  (62) 


Ma  I  Mb  I  |  20  °C  |  30°C  |  40°C 


1 . 00 

0 . 00 

C 

0.9677 

0.980? 

0 . 9969 

0.75 

0.25 

c 

1 . 172 

1.183 

1.197 

0.50 

0 . 50 

c 

1.356 

1.377 

1.404 

0.25 

0 . 75 

c 

1.6856 

1.701 

1.745 

0.00 

1.00 

c 

2.166 

2.232 

2.369 

%  B  (52) 

—  40°C 

-10°C 

+  20°C 

35°C 

0 

0.9542 

0.969s 

0.9786 

0 . 985o 

10 

1.33.3 

1.27o 

1. 19i 

1.144 

20 

1.65i 

1.506 

1.392 

1.31  i 

30 

1.814 

1.674 

1.572 

1 . 48o 

40 

1.876 

1.78i 

1.727 

1.625 

50 

1.87 

1.84s 

1.833 

1.743 

60 

1.82 

1.89e 

1 . 925 

1.85e 

70 

I.80 

1.942 

2.009 

1.965 

80 

I.82 

1 . 992 

2.084 

2 . 067 

90 

1.88 

2.042 

2.147 

2.155 

100 

1.987s 

2 . 0897 

2.1912 

2 . 2265 

B  =  C.,H10O,  Ethyl  ether  (52) 


%A 

—  50°C 

—  30°C 

-10°C 

0°C 

+20°C 

0 

1 . 955 

2.067 

2.1413 

2.1796 

2.253s 

10 

2.13s 

2.239 

2.17s 

2.1s 

2.17e 

20 

2 . 29c 

2  334 

2 . 20e 

2.17 

2.094 

30 

2 .41 1 

2.37o 

2.214 

2.15o 

2.01o 

40 

2.475 

2.374 

2.195 

2.099 

1.919 

50 

2.492 

2 . 32  0 

2.13s 

2.034 

1.822 

60 

2.415 

2 . 22 1 

2.032 

1.925 

1.705 

70 

2.23i 

2.055 

1 .87.3 

1.76o 

1.55i 

80 

1.942 

1.787 

1 .62s 

1.55o 

1.37a 

90 

1.49o 

1.404 

1.32o 

1.28i 

1 . 17s 

100 

0.9475 

0 ,96i 

0.9697 

0.973 

0 . 9785 

B  =  CfiHc,  Benzene  (52) 


%  A 

6°C 

20°C 

55°C  | 

%  A 

6°C 

20°C 

55°C 

0 

1.559 

1 . 76.5 

1.2796 

60 

1.275 

1.37s 

1.554 

10 

1.527 

1.704 

2.15s 

70 

1 .202 

1.286 

1.42o 

20 

1.48s 

1 .64a 

2.037 

80 

1 . 1 2 1 

1.186 

1 . 27s 

30 

1.442 

1.57s 

1.915 

90 

1 .042 

1.084 

1  .  136 

40 

50 

1 .392 

1 .336 

1.514 

1 .447 

1 . 79s 

1 .672 

100 

0.974 

0.979 

0 . 994 

B  =  CioH8)  Naphthalene,  at  18°C,  c  =  1.033  with  9.6%  B  (17) 


CH,.0.. 


Formic  acid 

B  =  C2H402,  Acetic  acid  (30) 


Ma 

Mb 

Range,  °C  | 

Cm 

0.5 

0.5 

65-18 

2.IO1 

CH,N,0 


Urea 

B  =  C2H«0,  Ethyl  alcohol,  ca.  20°C  (34),  c  =  2.504  with  2.9%A; 
=  2.507  with  1.7%  A 


CH,0 

Methyl  alcohol 

B  =  C2Hr.O,  Ethyl  alcohol,  v.  p.  116 


B  =  C.iHkO,  n-Propyl  alcohol  ( 3 0 ) ;  v.  also  p.  116 


Ma 

Mb 

Range,  °C 

Cm 

0 . 25 

0.75 

65-17 

2.574 

0.5 

0.5 

65-18 

2.532 

0.75 

0.25 

64-16 

2.52s 

B  =  C,H7N,  Aniline,  25°C  (21) 

%  B .  0  j  10  20  30  40  50 


B  =  C,H7N,  Aniline,  25°C  (21) 

%  B .  0  j  10  20  30  40  50 

c . |  2.532  2.53  |  2,52  2.51  2.49  2.46 

%  B . |  60  |  70  SO  '.*()  100 

c . j  2.42  |  2.37  2.2S  2.14  I  2.02r, 


C2CI6 

B  =  C;HS,  Toluene  (46) 

Mb/  M a .  7.5  ~7o  \r(~  20  40~ 

cm,  IS-6O0 . 1  1.52  |  1.58  1.6:i  1.6c,  1  1  . 7 1 


C2H4C12 

Ethylene  chloride 
B  =  CflHs,  Benzene  (52) 


%  A 

20°C 

35°C 

50° 

%  A 

20°C 

35°C 

50°C 

0 

1.765 

1 .986 

2.206 

60 

1 .457 

1 . 564 

1.67i 

10 

1.715 

1.92 

2.119 

70 

1 .408 

1.495 

1.583 

20 

1 . 667 

1.85 

2.03i 

80 

1.357 

1.426 

1.494 

30 

1.614 

1.77 

1 . 94o 

90 

1.307 

1 .356 

1.406 

40 

1.56i 

1 . 7i 

1.849 

100 

1.258 

1.287 

1.316 

50 

1.50s 

1.63e 

1 . 76o 

C2H4O2 

Acetic  acid 

B  =  CaHcOj,  Lactic  acid  (30) 

Ma _ | _ Mb _ j  Range,  °C  1 _ cm 

0J3  |  0.5  |  65-14  |  2.24s 

B  =  C4Hs02,  Isobutyric  acid  (30) 

0,49  1  0.51  |  65-18  I  2.047 

B  =  C:,H802,  Glycerol,  ca.  20°C  (34) 

% . 1  5.3  1  2.75  14 

c. . . . I  2.497  j  2.497  2.50o 


c2h6o 

Ethyl  alcohol 

B  =  C3H80,  n- Propyl  alcohol 
A  =  99.6%;  equimolal  mixture  (19);  v.  also  p.  116 
T,  °K . |  80  1  90  95  |  98  1  110  200  260  270 

c .  0.985  1.09]  1.26  ,  1.66  2.00  1.88  2.15,2.20 

B  =  Cr,HSl  Benzene,  15°C  (61);  v.  also  p.  116 
%  B .  0  10  |  20  |  30  ~10  j  50 

c . 1  2.424  2.392  2.35  j  2.32  I  2.274  2.23 

%  B .  60  70  j  80  i  90  100 

c .  2,175  |  2.10s  |  2.03^  1.9i  1.70 

B  =  C6Hc02;  A  =  90%;  ca.  20°C  (33) 

B  0.8%B  |~  0.6  %B 

Hydroquinol .  2.13  2.18 

Pyrocatechol .  2.19  2.15 

Resorcinol .  2.22  2.10 

B  =  CfiH7N,  Aniline,  v.  p.  116 


heat  capacity  nun-aqueous  solutions 


IT, 


C;HC0 


Acetone 

B  =  C4H,„0,  Ethyl  ether  (®2) 


%  A 

—  40°C 

—  20°C 

0°C 

+20°C 

0 

2.0115 

2. 104j 

2.1797 

2 . 253s 

10 

1.94e 

2.04a 

2.139 

2.22s 

20 

1.879 

1  ,98b 

2 . 099 

2  20  i 

30 

1  .819 

1 .93.3 

2.05 

218o 

40 

1 . 76b 

1 .88.3 

2.01 

2.15r> 

50 

1 .72s 

1  ,84b 

1  .977 

2.13s 

60 

1.70- 

1 . 82s 

1.95b 

2.12b 

70 

1.707 

1.822 

1  ,94b 

2.119 

80 

1.735 

1 ,84b 

1.96i 

2.12i 

90 

1.82i 

1.917 

2.02 

2.  U 

100 

1.988 

2 . 056o 

2  123 

2.1912 

B  =  C.HiCIO,  o-Chlorophenol,  0— 20°C  (8) 


%  B.. 

o 

10 

20 

30 

40 

50 

Cm  .... 

. |2.092s | 

2.042  | 

1.97s 

1 ,93s 

1.892 

1  S5b 

%  B.. 

. 1 

60 

70 

80 

90 

100 

Cr, . 

. 1 

1.82s  | 

1.79s 

1.76s 

1.72 

1 . 67s 

B  = 

C,Hr,  Benzene  (52) 

%  A 

10°C 

30°C 

50°C  ||  %  A 

10°C 

30°C 

50°C 

0 

1  .619 

1.912o 

2.2055 

60 

1 .833 

2.01.3 

2.184 

10 

1  .645 

1  .917 

2.197 

70 

1 .884 

2.045 

2.194 

20 

1 .674 

1 ,92s 

2.187 

80 

1.952 

2.087 

2 . 20.; 

30 

1.705 

1  Oti 

2.18o 

90 

2.044 

2.143 

2.224 

40 

1 .742 

1 ,96o 

2.17b 

100 

2.157 

2.216 

2.26b 

50 

1 .78b 

1 .984 

2.177 

C  ;;U  fiO  2 

Methyl  aeetate 

B  =  C4Hs02,  Ethyl  aeetate  (30) 

Ma 

Mb 

Range,  °C 

Cm 

0.5 

0.5 

55-16 

1 .833 

CjH.,0 

n-Propyl  alcohol 

B  =  CfiH:N, 

Aniline  (30) 

0.8 

0.2 

65-23 

2.77i 

0.35 

0.65 

65-22 

2.478 

B 

=  CfiHijO-..,  Isoamyl  formate  (30) 

0.742 

0.258 

65-19 

1  ,94b 

0.3 

0.7 

65-18 

1.97b 

C  ;>H  sO  3 

Glycerol 

B  = 

C,HtN,  Aniline  (34);  v.  also  p. 

116 

Mb/M  a . 

.1  12.5 

25  50 

100 

cm,  14-16°C  ... 

•|  2.27i  |  2. 

225  |  2.195 

|  2.1825 

C4H5CI3O2 

Ethyl  trichloracetate 

B  =  C4HsO-.,  Ethyl  aeetate  (30) 

Ma 

Mb 

Range,  °C 

Cm 

0.25 

0.75 

wT 

1.707 

0.5 

0.5 

54-15 

1 .39 

0.75 

0.25 

54-16 

2.17b 

C  4HsO> 

Ethyl  acetate 

B 

=  Isoamyl  formate  '30) 

Ma 

Mb 

Range,  °C 

c- 

0.5 

0  5 

65-16 

2.197 

B  =  C;H:iO;,  Isnamvl  acetate  30 
Ma  Mb  Range,  JC  c„ 

o  in _ _ f,:.  it _ j  in 

B  =  CjHiuOj,  Ethyl  benzoate  30 
0.5  0.5  55-17  1.5X2 


c4h10o 

Ethyl  ether 

B  =  Cf.HiNO;,  Nitrobenzene,  20°C  I21) 


%  B. . 

0 

10  | 

20 

30 

40 

50 

c . 

2 . 260 

2.17.3  | 

2.  lOo 

2 .  OOo 

1 . 94o 

1 .860 

%  B.. 

60 

70 

80 

90 

KM) 

c . 

1 ,77o 

1 . 672 

1 . 59o 

1.512 

1  43i 

%  B 

(52) 

ro 

20°C 

35°C 

%  B 

(52) 

5°C 

20°C 

35°C 

0 

2.1977 

2 . 253s 

2 . 309b 

60 

1 . 40i 

1  413 

1  47b 

10 

2.024 

2.065 

2.147 

70 

1  35b 

1 . 36i 

1  392 

20 

1  ,86b 

1  .90,1 

1.987 

80 

1 .352 

1  33s 

1  35s 

30 

1 . 72o 

1  71: 

1.83.3 

90 

1  38s 

1.345 

1  36a 

40 

1.59s 

1 . 62o 

1.695 

100 

1 ,524s 

1.455 

1  107  5 

50 

1 .487 

1 .504 

1.57s 

B 

=  C.-Hf,  Benzene  (52)  v. 

also  p. 

116 

%  A.. 

0 

10  | 

20 

30 

40 

50 

c,  6°. . . 

1.559 

1.772  j 

1.887 

1 .95.3 

1 ,99a 

2.03a 

c,  20°.. 

1.765 

1 . 90 1  1 

1.99.1 

2.05a 

2  .  lOt 

2.13s 

%  A. . 

. 1 

60 

70 

80 

90 

100 

c,  6°. . . 

2.07s  I 

2.10b 

2.14o 

2.17i 

2  201 

c,  20°. . 

. | 

2.165  | 

2.19o 

2.214 

2.23b 

2  253s 

B  =  C„H7N,  Aniline  (21) 


%  B . |  0  10  20  30  40  .50 

r,  20° .  2.200  2  26  2.25  2.23  2.21  2.185 

%  15 .  60  70  80  j  90  100 

c,  20° .  2.16  2.12  2.07  2  03  197.-, 

C,H„N 

Pyridine 

B  =  C.HiCIO,  e-Chlorophenol  (8> 


%  B .  0  10  20  30  40  50 


c,  0-20° . 

1 .653 

1 .62b 

1.60 

1.58 

1 . 57 1 

1  58o 

c,  0-100°.. . . 

.  .  1 ,72o 

1.712 

1 . 70s 

1.70a 

1  .717 

1  73a 

%  B . 

60 

70 

80 

90 

100 

c,  0-20° . 

1 .634 

1 ,67o 

1.702 

1.71 

1.67s 

c,  0-100°.... 

. 

1 .765 

1 .775 

1 .75s  | 

1 ,72o 

1  657 

B  =  CtH80 

,  o-Cresol  t8) 

%  B . 

•  1  0 

10  | 

20 

30 

40 

50 

c„,  0-20°.  .. 

1  653 

1  . 65  s 

1.673 

1 . 69.3 

1 . 72o 

1.75  s 

%  B . 

60 

70 

SO  | 

90 

1(M) 

Cm.  0-20°.... 

1 . SO 6  | 

1  ,87o 

1  942 

2  01  b 

2.08s 

B  = 

CtH.O, 

m-Cresol,  (8) 

%  A . 

0  | 

10 

20 

30 

40 

50 

Cm,  0-20°  . . . 

1 . 65.3 

1  .65b 

1 . 66s 

1 . 68b 

1  7ii 

1  734 

%  A. . 

60 

70 

so 

90 

KM) 

Cm,  0-20°.... 

1  76b 

1  .807 

1.863 

1 . 92  0 

2  OO5 

Cr,H4Br5 

p-Dibromobenzene 
B  *  C;H4,  Toluene  (46 

M„  Ma .  7  .5  10  15  2u  H> 

cm,  19-60° .  1.5*  1  5  1  0. 1  »>■, 1  7 1 
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Cf,Hr,Br 


Bromobenzene 

B  =  C,H  Cl,  Chlorobenzene  I62) 


Mb 

Ma 

20° 

40° 

60° 

80° 

1 .00 

0 . 00 

C 

1 . 294 

1 .3195 

1.3637 

1.425 

0 . 75 

0 . 25 

c 

1 . 172? 

1  . 198 

1 . 243 

1.3016 

0 . 50 

0 . 50 

c 

1 .0796 

1 . 109 

1  142e 

1 . 1987 

0.25 

0.75 

c 

1 . 020 

1  .041 

1  0734 

1.114 

0  00 

1  .00 

c 

0 . 964s 

0 . 975 

0.996 

1  025 

M. 

Mb 

Range, 

C  | 

Cm  (30) 

0.20 

0 .  so 

65-17 

1 

.302 

0.675 

0 . 325 

65-18 

|  1 

.  15 1 

C6H,C10 

o-Chlorophenol 

B  =  CsHnN,  Dimethylaniline  (8) 

%  A . |  0  j  10  |  20  |  30  1  40  1  50 


cm,  0-20° . 1  1.7495]  1  . 79 1  |  1.82s  |  1.855  |  1.89s  |  1.94o 

%  A . I  60  |  70  1  80  1  90  |  100 " 

cm,  0-20° . 1  1.955  I  1 . 93o  |  1.887  1  I.8I0  |  1.67s 

B  =  C9H7N,  Quinoline  (8) 

%  A . |  0  10  1  20  |  30  1  40  1  50 

Cm,  0-20°.  :  1.473  1  1 . 46s  I  1.473  |  1.51o  |  1.55o  j  I.6O0 

%  A . |  60  j  70  |  80  |  90  j  100 

c„,  020..  .  .  1.667  1  1.702  j  1.707  ;  1.69  j  1.67s 

C6H5l 

Iodobenzene 

B  =  Cr.H7N,  Aniline  (46) 

Mb/Ma . |  275  j  5  j  10  |  15  1  20 

cm,  19-60° . j  1.504  |  1.70s  |  1.864  |  1.93  |  1.97 


c6h5no. 

Nitrobenzene 


B  =  Cf.Hn,  Benzene  (52) 


%  A 

10°C 

30°C 

50°C 

75°C 

0 

1.618e 

1.9120 

2.2055 

2.5735 

10 

1.54s 

1.816 

2.084 

2.42s 

20 

1.48o 

1.72o 

1.96e 

2.282 

30 

1.418 

1 .628 

1.846 

2.139 

40 

1.36s 

1.55s 

1.734 

2 . 007 

50 

1.322 

1.48i 

1 . 62.5 

1.876 

60 

1 .289 

1.413 

1.52s 

1 . 749 

70 

1.277 

1.37s 

1.464 

1.652 

80 

1 .305 

1.352 

1.405 

1.547 

90 

1 .366 

1.357 

1.37.3 

1.454 

100 

1 ,499o 

1.420o 

1.3804 

1 ,392o 

B  =  C„H7N,  Aniline  (30) 


Ma 

Mb 

Range,  °C 

Cm 

0.75 

0.75 

0.5 

0.5 

0.25 

0.25 

0.25 

0.5 

0.5 

0.75 

65-13 

98-15 

65-15 

98-18 

65-15 

1.53 

1 . 574 

1 .689 
1.607 
1.883 

B  =  C7H9N,  Met hylaniline  (3°) 

0.43 

0.57 

65-17 

1.695 

B  =  C„HnN,  Dimethylaniline  (30) 

0.46 

0.54 

65-18 

1.707 

B  =  C8HilN,  Ethylaniline  (30) 

0.49 

0.51 

65-16 

1.699 

B  =  C10H15N,  Diethylaniline 


Ma 

Mb 

Range,  °C 

Cm 

0.5 

0.5 

65-19 

1 . 

77 1 

CcHfi 

Benzene 

B 

=  c7h8, 

Toluene  (62) 

Ma  1 

Mb  1 

20  °C 

30°C 

40°C 

50°C 

60  CC 

1.00 

0.00 

c 

1.706 

1  722 

1.762 

1.824 

1.915 

0.95 

0.05 

c 

1.698 

1.719 

1 . 759b 

1.816s 

1 .892 

0.875 

0.125 

c 

1.711 

1.720 

1  . 756 

1.811 

1.885 

0.75 

0.25 

c 

1.702 

1.733 

1.766 

1.807 

1.864 

0.50 

0.50 

c 

1.682 

1.712 

1.744 

1.781 

1.827 

0.25 

0.75 

c 

1.663 

1.692 

1.724 

1.759b 

1.801 

0.00 

1.00 

c 

1 . 6407 

1.671 

1.701 

1.735 

1.7714 

M 

A  1 

Mb 

Range,  °C 

Cm 

(3°) 

0 

5  I 

0.5 

55-15 

1 

66b 

B  = 

=  C7HsO,  m-Cresol  (30) 

0 

.54 

0.46 

65—18 

2 

05 1 

B  = 

CsH.o, 

771-Xylene  (30) 

0 

5  1 

0.5 

55-15 

1 

57b 

C7Hs 

Toluene 

B  = 

CioHjBr,  /3-Bromonaphthalene  (46) 

Ma/Mb 

7j 

1 

5 

10 

20 

c„„  22-60° . 

1 

• 

to 

Oj 

1.55 

1.64 

1.70 

B  =  Ci0H8,  Naphthalene  (46) 


Ma/Mb . 

•  1  5 

10 

20 

c„„  20-50°...  . 

1.69s 

1.72 

1.73b 

C7HsO 

ra-Cresol 

B  =  C7H,N,  0- 

Toluidine  (30) 

Ma 

Mb 

Range,  °C  | 

Cm 

0.75 

0.25 

64-14.5  I 

1 . 78.3 

0.5 

0.5 

64.5-14 

2.05i 

0.25 

0.75 

64-15 

2.03 

B  =  CgHnN,  Dimethylaniline  (30) 


0.53 

0.5 

0.47 

0.5 

65-17 

54-17 

1.825 

1.887 

C  SH 1 0 

o-Xylene 

B 

=  CsHio,  rn 

-Xylene  (39) 

Ma 

Mb 

Range,  °C 

Cm 

0.269 

0.731 

64-19 

1.78b 

0.729 

0.271 

65-20 

1.80s 

B  =  C9Hl0,  p-Xvlene 

0.815 

0.185 

65-16 

1.754 

0.32 

0.68 

64-20 

1.825 

CsHio 

m-Xylene 

B  =  CSH10)  , 

p-Xylene  (30) 

Ma 

Mb 

O 

O 

Cm 

0.754 

0.246 

65-18 

1.674 

0 . 293 

0.708 

65-17 

1.724 

B  = 

CsHnN,  Dimethyaniline  (30) 

0.734 

0 . 266 

65-19 

1 .707 

0.287 

0.713 

65-18 

1.80s 

HEAT  CAPACITY— NON- AQUEOUS  SOLU  TIONS 


1 29 


THREE-COMPONENT  SYSTEMS 

H20  +  H,SO«  +  UNO,,  t  =  20°C  (<*);  v.  Fig.  3 


%  IIoO  H2SO4 

UNO, 

c 

%  h2o 

H,SO« 

HNOj 

c 

10 

45 

45 

1  887 

15 

70 

15 

I  .84 

20 

40 

40 

2.12 

30 

10 

60 

2  66 

40 

30 

30 

2  54  s 

50 

10 

40 

2.74 

50 

25 

25 

2.745 

75 

10 

15 

3.37 

Ml 

20 

20 

2.93 

40 

40 

20 

2.45 

75 

12  5 

12.5 

3.51 

10 

80 

10 

1.76 

85 

7.5 

7.5 

3.8 

5 

5 

90 

2.00 

10 

10 

80 

2.13 

2.5 

70 

27.5 

1.67 

10 

30 

60 

1  . 97 

5 

25 

70 

1  92 

10 

50 

40 

1  .88 

HjO 


H20  +  C2HtOH  +  a  salt,  t  =  ca.  20°C;  v.  also  p.  116 
Moles  CiHtOH  per 200  molesHtO  •  1  mole  salt 

100  ~50  40  35  3(P  15  1  10  ___ 

NaCl . |3 .632 *|4.072l4. 152, 4. 16otl4.21.  I  204j  1  23i 

KC1 . '  3 . 574  3 .984  4. 126  4 . 15<>  4.20o  4.236  (27) 

NaNO, . |3.61e  |4.02i|4. 12e|4. 16o  4.2064.24s  |  ^7 

KNO  ,  |3.59i  |4 ,02i  |4 A22\i7l2c>  |4. 19:t  4.649  j4  Is  -7 

NaBr . |  |  [4. 09.3 1 

KBr.  ..|  |  14.072  '28 

Nal . I  |  1 4  05  ’  (28 

HI . 1  |  ‘4.024  !  ~  1  (28 

*  For  CjIUOH  =  200  moles,  c  =  2.277. 
t  CiH»OH  -  33.3s  moles, 
t  C.1UOU  —  20  moles. 

H20  +  CJIiOII  +  x  (29);  80  moles  C2II6OII  +  200  moles  II20  + 
1  mole  x,  t  =  ca.  18°C 


CjHgOi, 

CzIl.O 

C„H„Oi,. 

Tannic  acid 

X 

Glycerol 

Phenol 

Sucrose 

(Digallic?) 

c 

4.120 

4. 168 

4 . 1225 

(4.10) 

II20  +  Cl2II220,,  4-  NaCl,  /  =  21  FC  (* 


H20, 

NaCl 

CijH 

!2Ou 

c 

moles 

Moles 

07 

/ 0 

Moles 

200 

1 

1  59 

0 

0 

4  .0865 

0  75 

1  . 17 

0  25 

2  29 

4  05 4 

0.5 

0 . 76s 

0.5 

4  49s 

4  027 

0  25 

0.37s 

0  75 

6.62 

3  99 1 

0 

0 

1 

8 . 67 

3  96 9 

100 

1 

3.14 

0 

0 

4 . 00s 

0  75 

2  29 

0 . 25 

4.47 

3  957 

0  5 

1 .46 

0.5 

8.55 

3  90s 

0  25 

0 . 702 

0.75 

12  38 

3 . 854 

0 

0 

1 

15  95 

3.796 

50 

1 

6 . 09 

0 

0 

3 . 882  5 

0.75 

4.26 

0.25 

8.30 

3  778 

0.5 

2.66 

0.5 

15.53 

3.68s 

0.25 

1  26 

0 . 75 

21.23 

3  60s 

0 

0 

1 

27 . 55 

3 . 522 

25 

1 

11.48 

0 

(i 

3.67s 

0.75 

7 . 56 

0  25 

14.76 

3  50o 

0.5 

4.49 

0  6 

26.30 

3  364 

0.25 

2 . 05 

0.75 

36  06 

3 . 26o 

0 

0 

1 

43  23 

3. 16.3 
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THERMAL  EFFECTS  ACCOMPANYING 

Complete  Index  Index  Complet 


Physical  Processes 


PHYSICAL  AND  CHEMICAL  PROCESSES 

Indice  Completo 


Latent  heat  of  fusion. 

Metals  and  alloys. 

N on-metallic  substances. 
Latent  heat  of  vaporization. 

Metals. 

Non-metallic  substances. 
Latent  heat  of  transformation. 

Metals. 

Non-metallic  substances. 
Heat  of  adsorption  and  of 
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LATENT  HEATS  OF  FUSION 

R.  de  Forcrand  and  L.  Gay 


Scope  of  the  Tables. — The  data  given  in  the  following  tables  are 
based  solely  upon  the  best  available  direct  calorimetric  determi¬ 
nations  and  do  not  take  into  account  the  values,  sometimes  more 
reliable,  which  can  be  computed  by  indirect  methods.  For  such 
values  the  reader  should  consult  the  appropriate  sections  of  I.  C. 
T.  as  indicated  in  the  index  under,  “Fusion,  heat  of.” 

Calorimetric  Methods.  A. — m  grams  of  the  pure  substance 
which  has  been  in  the  crystalline  state  for  a  long  period  of  time 
(hereafter  referred  to  as  the  “stable”  crystalline  form)  is  taken  at 
a  temperature  slightly  below  its  fusion  point  tp  and  is  introduced 
into  a  calorimeter,  the  temperature  of  which  is  slightly  above  tp. 
The  final  state  of  the  substance  is  liquid.  The  total  effect  pro¬ 
duced  is  composed  of  (a)  the  heat  absorbed  by  the  solid  up  to  lp, 
(b)  the  heat  absorbed  by  the  liquid  between  tp  and  the  final  tem¬ 
perature,  and  (c)  the  heat  of  fusion.  Knowing  the  two  specific 
heats,  the  heat  of  fusion,  Lp,  at  the  M.  I’.,  is  obtained  by  difference. 

B. — As  in  Method  A,  but  in  the  reverse  order,  the  liquid  sub¬ 
stance  slightly  above  its  fusion  point  is  introduced  into  the  calorim¬ 


eter,  where  it  crystallizes.  This  experiment  gives  directly  th- 
heat  of  solidification,  LD,  rather  than  the  heat  of  fusion,  Lp 
The  heat  of  solidification  is  sometimes  less  than  the  heat  of  fusion, 
because  at  the  moment  of  solidification  the  substance  does  not 
always  liberate  its  entire  heat  of  fusion.  The  determination  of 
Lp  is  therefore  preferable. 

C. — Two  samples  of  the  pure  substance  are  employed,  one  in 
the  “stable”  crystalline  form,  the  other  in  the  form  of  the  super¬ 
cooled  liquid,  and  both  at  the  same  temperature,  which  is  sub¬ 
stantially  that  of  the  calorimeter.  In  two  separate  experiments 
the  substance  is  brought  to  the  same  final  state  which  may  be 
anything,  but  is  the  same  for  the  two  samples.  The  difference 
between  the  two  values  found  gives  directly  the  heat  of  fusion. 
In  this  case  there  is  no  difference  between  Lp  and  LD  if  the  crystal- 
fine  sample  employed  is  in  the  “stable”  form.  In  most  cases  the 
final  state  in  such  an  experiment  is  a  solution  in  the  calorimetric 
liquid,  but  obviously  it  might  be  any  state.  The  value  finally 
obtained  by  Method  C  is  the  heat  of  fusion  at  the  temperature  of 
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the  onlorimeter  and  is  identical  with  the  heat  of  fusion  at  the 
melting  point  only  in  ease  the  calorimeter  is  operated  in  the 
neighborhood  of  this  temperature. 

D.  The  super-cooled  substance  is  maintained  in  the  calorimeter 
until  temperature  equilibrium  is  secured,  and  crystallization  is  then 
produced  by  seeding.  This  method  gives  L 

E.  In  this  method  (YVigand)  the  “stable”  crystalline  sub¬ 
stance  is  melted  in  the  calorimeter  by  means  of  a  measured  amount 
of  electrical  energy.  This  method  gives  Ly  directly,  but  requires 
a  calorimetric  liquid  with  a  melting  point  lower  than  ty. 

F.  — The  method  of  thermo-analysis  (\Y.  Plato)  gives  reliable 
results  in  cases  where  Ly  is  known  for  an  analogous  substance 
having  approximately  the  same  melting  point.  The  method  is  a 
relative  one. 

G.  — In  the  method  of  L.  Meyer,  a  Bunsen  calorimeter  is 
employed,  the  calorimetric  liquid  being  the  pure  substance  at  its 
melting  point.  The  determination  consists  in  measuring  the 
variation  in  volume,  AV,  which  accompanies  the  fusion  of  1  g  of  the 
substance.  In  a  second  experiment,  a  known  quantity  of  heat  Q 
is  introduced  into  the  calorimeter  electrically  and  the  accompany¬ 
ing  volume  change  AV'  is  measured.  AV /AV  gives  the  mass  m 
of  the  substance  melted.  The  heat  of  fusion  is  then 

9  _  Q  Ar 

m  AV'A  • 

The  temperature  ty  being  constant,  a  knowledge  of  the  specific 
heats  is  unnecessary. 

H.  — Special  methods,  for  which  see  the  literature  cited. 

I.  — Method  not  given  by  the  author. 

Conversion  Factors. — 1  Kilojoule  per  g  =  238.9  cab  &  g-1  =  430.1 
BTU.o  lb.-1  =  9.869  1-atm.  g~>  =  2.778  X  10~4  kw  hr  g~l.  For 
other  factors,  v.  Vol.  I,  p.  24. 


Non-Metallic  Elementary  Substances* 


Formula 

M.  P., 
°C 

Joule  per 

g 

Kilojoule 

per 

g-atom 

Method 

Lit. 

A 

-190 

28. 1 

1.12 

A 

(18) 

0 

-219 

13.8 

0.221 

A 

(18) 

H 

63  ±  6 

0.063 

E 

(42) 

58.6  ±0.3 

0.0591 

A 

(70) 

Cl 

-103.5 

96.i 

3.40s 

A,E 

( 1  7,  18.5) 

Br 

-  7.32 

67.7  ±0.7 

5 . 41o 

A 

(62) 

S 

115 

39.215 

1.257 

B 

(54) 

118.95 

43.6  ±  1.2 

1.40 

E 

(84) 

119 

55.2 

1 .77 

B 

(40) 

37 . 05 

1.188 

E 

(74) 

Te 

446 

(90) 

N 

-210 

25.5 

0.36 

A 

(18) 

P 

44.2 

21.07 

0 . 6538 

B 

(54) 

*  For  heats  of  fusion  of  metallic  elementary  substances,  r.  \  ol.  II,  p.  458. 


Table. — Chemical  Compounds  (Standard  Arrangement) 
(v.  Vol.  Ill,  p.  via) 


Formula 

M.  P.. 

°C 

Kilojoule 

Joule  per  g  per  r- 

formula-wt. 

Method 

Lit. 

HtO 

0 

333 .610. 331  6.0009 

E 

14.1 

HtOt . 

-1.7 

310±1.25  10.510.04 

A 

(47> 

HBr . 

-86 

32.1  2.60 

E 

—  86.8 

29.7  |  2.41 

E 

(«7) 

HC1 

-114 

58  2.11 

E 

-114 

54  6  l  99 

E 

(»6) 

HC1.2H,0 

-18.5 

144.6s  10  48s 

C 

(*) 

HI 

-53 

23.76  3  04 

E 

t"») 

ICl(a). 

27.2 

68.7511.0  11  16  1  0.16 

A 

(73) 

IC1(/S) 

15  2 ± 1  3 

58.6  1  0.65  9  52  1  0.1 

C,  A 

(•.  73) 

so. 

-30 

99.4  7  96 

\  C 

(*•> 

H*SO« 

10  352 

100.6  +  0  7  9  865±  0  07 

A 

1  (*T> 

26- Table. — ( Contin  ued 

Kilojoule 

Formula 

Joule  per  r 

per  r- 

•5 

Lit. 

formula-wt. 

J 

—  (Cant'd)  .  . 

95 .  a 

9.36 

A  1 

(«*) 

10  49 

108  7s 

10.66s 

A 

t") 

HjS04.HiO . 

8.56* 

163.6  ±3.0 

19  ±0.35 

A 

11,  46, 

”) 

H,S,C, . 

35 

75.0  ±  4 

1.35 

D 

(*•*) 

NO  . 

-163 

77 

2.32 

E  1 

N,0» . 

-10.14 

135  to  155.5 

12.4  to  14.35 

A 

N  ?Oj .  . 

20.5? 

320. 9«? 

34.665? 

I 

(J) 

NIL . 

—  75 

452 .  a 

7.7 

A 

(.**> 

-77.6 

35i 

5.9s 

E 

(>»•») 

H  NOj . 

-47 

39.9s 

2.51s 

c 

(>) 

HiPO, . 

17.4 

146.5 

9.68 

C  1 

(7‘) 

POClj . i 

2 

83 

12.7 

A 

) 

AsBrj . 

31 

37.4 

11.75 

B 

C») 

SbCb . 

73.2 

55 . 6ft 

12.69 

B 

(7,l 

SbBrj  . 

94 

40.85 

14.77 

B 

(7»> 

SbsSi  . 1 

540 

73.5 

24.9 

B 

(35,  41 

Co . 

-206 

33.5 

0.094 

A 

(i.) 

co,  . 

-56.2 

189.6 

8.35 

-t  1 

(‘7-H 

For  other  C-eompounds.  n. 

(T-Table 

Si  CL  . 

70.3 

45.43 

7.7s 

E 

(“) 

TiCU . 

-25 

49.27 

9.348 

E 

(44> 

SnCl< . 

-33 

35. 16  ±  0. 8 

9.160 

E 

(44) 

SnBr« . 

25.5 

26 . 2  ±  0 . 1 

11.5 

B,  C 

(5.  ™ 

PbCl, . 

485 

87.5  +  1.8 

24.3 

B 

(16) 

F 

(56) 

498 

77.5 

21.5 

B 

(51) 

PbBr, . 

490 

51.65  +  1.5 

18.96  ±  0 .  .55 

B 

(16) 

488 

41.5 

15.2 

B 

(J1) 

Pbl, . 

375 

48.1  +  1.2 

22.2  +  0.55 

B 

(16) 

T1C1 . 

427 

69.5 

16.7 

B 

(31) 

TIBr . 

460 

53 

15.1 

B 

(3I) 

TIOCsHs . 

4.4 

1.1 

C 

(26.5) 

Zn(NO*  u,ii  ti 

36.4 

130 

38.6 

B 

(65) 

Cd(NO,),.4HtO . 

59.5 

106 

32.7 

B 

(63, 

HgBr, . 

235 

53.6 

19.32 

B 

(  3  4  ) 

Hgl, . 

250 

41 

18.6 

H 

(33) 

Cu(NOj),. 011,0 . 

24.4 

123 

36.4 

B 

(63) 

AgCl . 

451 

128.5 

18.4 

B 

(*4) 

455 

89 

12.8 

B 

(3I) 

AgBr  . 

430 

52.5 

9.9 

B 

(3l) 

AgNO,  cf .(»») . 

208 

74 . 25  ±0 .75 

12.6  ±  0 . 1 

II 

<33) 

218 

63.5 

10.8 

B 

(31) 

OsC>4  . 

40.1 

56 . 6  ±  1 

14.410.2 

G 

(61.5) 

MntNOi),.6HiO . 

25.8 

120.5 

34.6 

B 

(65) 

Co(NOi),.6H,0 . 

126.5 

36.8 

B 

(65) 

Ni(NO,),.6H,0 . 

56.7 

152.5 

44.3 

B 

(»3) 

MgCl,.6H,0  . 

116.7 

172.5 

35.1 

B 

(»3) 

Mg(NO») ,  6HjO 

90 

160 

41 

B 

(65) 

CaCl, . 

773.9 

227. 15  ± 1 .35 

25.21  ±0.14 

F 

(5«,  6 

CaCL. 611,0 

29  ±  0 . 5 

170.5 

37.3 

B 

(*“> 

CatNO,),. 411,0. 

42.1  ±0. 1 

142 . 2  ±  2. 2 

|  33.610.5 

A 

(  3  7  ) 

I 

t7*) 

SrCl, . 

872.3 

106.5  ±0.5 

16.8510.05 

F 

(**) 

BaCl,  . 

958 . 9 

115 

24 

F 

(»*) 

Li  NO, 

250 

370.5 

25.5s 

B 

C*» ) 

Li,SiO,  . 

335 .  s 

30.2 

F 

(68  , 

LiiSiOi.LiiO 

260 

31.1 

F 

(it) 

NaOH 

318.4 

167.5 

6.7 

F 

(*7) 

NaF 

902 . 2 

779 

32.71 

F 

1  (*•■') 

N’aCl . 

|  804 . 3 

517 

30.2 

F 

,»•) 

NaClO, 

255 

205 . 0  ±  2 . 5 

!  21 .825  ±0  27 

B 

(*1,  X 

Na, SO.,  1011,0 

31 

214.5 

69 

B 

(111 

31.5 

239 

77  0 

H 

i“> 

Na*8*0>.5Hj( ) 

200 .  0  ±  0 . 5 

49.05±0  15 

B 

(4  S  ) 

NaNO, 

333 

189.6 

16. 1 

B 

1  (SI) 

Na,HP0,.12H,0. 

36.1 

279.  ft 

100.1 

B 

|  (4t) 

Na,CrO,  1011,0 

23  to  30 

164.0  to  150. S 

56.12  to  51.59 

c 

KOH 

360 . 4 

119.5 

6 . 72 

F 

(37) 

KF . 

S.V.I  '1 

452 

36  3 

F 

(SI.  1  ) 

kci  . 

772.3 

310  ±50 

23.113.7 

F 

(II) 

KNO,  . 

308 

106  s 

10.8 

1  B 

K  (  '  r  ,<  >7 

397 

124  » 

36.7 

B 

RbOH 

301 

66 

6  7a 

RbCl . 

159 

19  2 

CaOH 

272  3 

45 

ft  7 

•  iO.Od. 
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(T-Table 

The  (T-Arrangement  ( v .  Vol.  Ill,  p.  viii) 


Formula 

Name 

M.  P.,  °C 

Joule  per  g 

Kilojoule 

per  g- 

formula-wt. 

Method 

Lit. 

CC14 

Carbon  tetrachloride . 

-24 

17.4  ±0.25 

2.68 

E 

(44) 

cii2n2 

Cyanamide . 

42.9 

208.5  ±  3 

11.27 

B 

(60) 

ch2o2 

Formic  acid . 

8.0  ±  0.6 

246.5  ±  1.9 

11.34 

A,  B 

(32,  56) 

CIL 

Methane . 

-182.6 

60.8 

0 . 974 

E 

(18.5) 

CH40 

Methyl  alcohol . 

-97 

68.6 

2.20 

A 

(48) 

-97.8 

92.2 

2.95 

E 

(53.5) 

C2HC1302 

Trichloroacetic  acid . 

59.1 

36 

5.9 

B 

(57) 

O2I I  2C/I2O2 

Dichloroacetic  acid . 

10.8 

59.5 

7 . 65 

B 

(57) 

O2H  3Br  3O2 

Bromal  hydrate . 

46 

70.75 

21.15 

B 

(10) 

C2H3C102 

Chloroacetic  acid  (a) . 

61.2 

130 

12.3 

B 

(57) 

Chloroacetic  acid  (#) . 

56 

147 

13.8 

B 

(57) 

C2B3C1302 

Chloral  hydrate . 

138.9 

22.97 

C 

(4) 

C2ILBr2 

Ethylene  dibromide . 

9.55 

56.62 

10.637 

B 

(14) 

O2H4O2 

Acetic  acid . 

16.58  ±  0.04 

187.1  ±6.7 

11 .23 

B* 

(46,  56) 

16.7 

181 

10.9 

E 

(53.7) 

C2HeO 

Ethyl  alcohol . 

-114.4 

104.2  ±3.7 

4.80 

A,E 

(29,  53.5) 

C2H6O2 

Glycol . 

-11.5 

181 . 1 

11.24 

A 

(24) 

-12.3 

174 

10.8 

E 

(53.5) 

C3H4O2 

Acrylic  acid . 

13 

155 

11.2 

I 

(66) 

C3II6N309 

Trinitroglycerol . 

12.3 

96.35 

21.88 

B 

(52) 

Stable  form . 

21. 8f 

4 . 95f 

D 

(38) 

Metastable  form . 

13 

138. 9f 

31. 5f 

D 

(38) 

C3ILO 

Acetone . 

-95.5 

98 

5.69 

E 

(53.7) 

-94.6 

82 

4.76 

B 

(48) 

c3h7no2 

Urethane . 

48.7 

171 

15.2 

B 

(19) 

c3h8o 

Isopropyl  alcohol . 

-88.5 

88 

5.34 

E 

(53.7) 

c3h8o3 

Glycerol . 

18 

198.8 

18.3 

B 

(28) 

c4h4n2 

Suecinonitrile . 

54.5 

49 

3.92 

I 

(76) 

c4h4o3 

Succinic  anhydride . 

119 

204 

20.4 

I 

(76) 

c4h6o2 

Crotonic  acid(a) . 

67.4 

106.0 

9.11 

B 

(10) 

Crotonic  acid(a) . 

71.4 

152.4  ±4 

13.1 

B 

(46.5) 

Crotonic  acid(Ci8) . 

71.23 

146.15 

12.57s 

B 

(9.1) 

C4H»04 

Methyl  oxalate . 

49.5 

178.5 

21.05 

B 

(10) 

c4h7ci3o2 

Chloral  alcoholate . 

9 

100.6 

19.45s 

C 

(7) 

C4HsN2S 

Thiosinamine . 

77 

140 

16.25 

B 

(89) 

c4h8o2 

n-Butyric  acid . 

-5.7 

126 

11.1 

E 

(53.6) 

C4H,oO 

71-Butyl  alcohol . 

89.2 

125.3  ±0.2 

9.280 

E 

(53.5) 

tert.-Butyl  alcohol . 

25.45 

87.8 

6.505 

C 

(25) 

lerh-Butyl  alcohol . 

25.4 

91.6 

6.78 

E 

(53.6) 

c5h8o3 

Levulinic  acid . 

33 

79.4 

9.21s 

C 

(8) 

c„h8o4 

Glutarie  acid . 

99.3 

156. 5 

20.6s 

B 

(36) 

cji,2o 

(erf. -Amyl  alcohol . 

52.5 

4.65 

I 

(76) 

C6H3Br30 

2,  4,  6-Tribromophenol . 

93 

56 

18.5s 

B 

(89) 

CelLBrCl 

o-Bromochlorobenzene . 

-12.6 

64.5 

12.35 

1 

(51) 

m-Bromochlorobenzene . 

-21.2 

64 

12.25 

I 

(51) 

p-Bromochlorobenzenc . . 

64.6 

98 

18.7s 

I 

(51) 

C6Il4BrI 

o-Bromoiodobenzene . 

21 

51 

14.45 

I 

(51) 

m-Bromoiodobenzene . 

-9.3 

43 

12.2 

I 

(51) 

p-Bromoiodobenzene . 

90.1 

69.5 

19.6s 

1 

(51) 

CJI4Br2 

o-Dibromobenzene . 

18 

53.5 

12.6 

I 

(51) 

rn-Dibromobenzene . 

-6.9 

56 

13.2 

I 

(51) 

p-Dibromobenzene . 

86  ±  1 

86  ±  1 

20.3 

(9,  10) 

C6H4Br20 

2,  4-Dibromophenol . 

12 

58.5 

14.7s 

c 

(83) 

C«H4Br3N 

2,  4,  6-Tribromoaniline . 

122 

70.5 

23.25 

B 

(64) 

CtILCINO, 

w-Chloronitrobenzene . 

43.8 

123 

19.4 

B 

(10) 

44.16 

131.9 

20.775 

B 

<9) 

p-Chloronitrobenzene . 

82 

89.5 

14.1 

B 

(10) 

C6II4C12 

o-Di  chloroben  zone . 

-17.5 

88 

12.9 

I 

(51) 

•Also  C  (25>  80)  and  G  (50).  t  Heat  of  crys.  at  0°.  }  Also  I  (51). 
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Formula 


C«H4C1i 

c,hj2 

C.H«NiO« 


CtH6NO« 


CrHtN|0« 

c7h.n*o4 

CtH,(  >1 

CjH;Br 

0,11,1 

C7H7NO1 


c7h»o 

C,H.O, 

CtH»N 

CjH«C1« 

C.H.Br, 

CJHjClj 

C8H80j 


Name 


m-Diohlorobenzene 

p-Dichlorobenzene 


o-Diiodobenzene . 
m-Diiodobenzene . 
p-Diiodobenzene 
o-Din  itrobenzene 
m-Dinitrobenzene 
p-Dinitrobenzene 


Cel  1 4O2 
r 1  u 

Quinone . 

C*HiNO» 

C«H*NO, 

Nitrobenzene . 

V-/  6*  1  6 

n  it  .hm 

CelljNjOi 

c.h6o 

C6H«Oj 

r»  u  M 

Phenol .  . 

o-Dihydroxy  benzene . 

rn-Dihvdroxvbenzenc . 

p-Dihydroxy  benzene . 

c6ii8n, 

c»hbo« 

CeH  10O4 

Cel  I  ioOe 

Methyl  succinate . 

dZ-Dimethyl  tartrate . 

C.H.jO 

Cyclohexanol . 

1 2'  *3 

CjHiClOi 

o-Chlorobenzoic  acid . 

m-Chlorobenzoic  acid. . 
p-Chlorobenzoic  acid. . 
o-Nitrobenzoic  acid. 
m-Nitrobenzoic  acid.  . 
/>-Nitrobcnzoic  acid  . . 
2,  4,  6-Trinitrotolueno. 
2,  4-Din itrotoluenc. . . 

Benzoic  acid . 

p-Eromotoluene . 


p-Iodotoluene . 

o-A min oben zoic  acid. 
m-A min ohen  zoic  acid 
p-Aminobcnzoic  acid 

p-C resol . 

DimcthyW-pyrone. . . 

p-Toluidine . 

o-Tetrachloroxylene . . 
p-Tetrachloroxylene . . 
o-Xylene  dibromidc 
tn-Xvlene  dibromide. 
o-Xylcne  dichloride. . 
m-Xylenc  dichloride 
p-Xylene  dichloride 
Phenvlacetic  aciil 


M.  P.,  °C 

Joule  per  k 

Kilojoule 
per  si- 
formula-wt. 

Method 

Lit. 

-24.4 

86 

12.6 

1 

(51  ) 

52.7  +0.2 

124.2  ±0.8 

18.25 

H 

- 1 0 , 

I 

(51) 

23.4 

42.5 

14.1 

I 

151) 

34.2 

48.35 

15.95 

1 

(SI) 

129 

67.8 

22.4 

I 

(SI) 

116.93 

135.0  +  4 

22.84 

* 

(1.4) 

90 . 08 

103.4  +  4 

17 ,3e 

B 

(1.4) 

173.5 

167.4  ±  4 

28.1 

B 

1.4, 

112.85  ±  0.5 

171 .0  ±  4 

18.4o 

B 

(46.5) 

64 

85.8  ±  1.3 

14.85 

C 

(83) 

5.72  +  0.10 

94.25  ±  0.25 

11.6 

G,  I 

1  50,  76 

42.8 

112 

15.6 

B 

(10) 

44.51 

129.3s 

17.98 

B 

(9) 

5.42  +  0.02 

127.0  ±  1.4 

9.91 

A * 

(9.  14) 

(22,  48) 

5.40 

126.5  ±4 

9.88 

B 

(1.4) 

69 

155.5 

19.83 

B 

(10) 

69.3 

116.7 

16.12 

B 

(1.4) 

111.8 

171.5 

23 . 7o 

B 

(1.4) 

147  5 

152.6 

21 .  lo 

B 

(1.4) 

25 . 37 

121.5 

11.4 

E 

(74) 

104.3 

206.8 

22.7e 

B 

(1.4) 

109.65  ±0.5 

193.4 

21.29 

B 

(1.4,  67) 

172.3 

246.0 

21. 7o 

B 

(1.4) 

-7.03 

87.7 

8.16 

A 

(25) 

22.1 

152.0  +  0.6 

16.43 

A 

(46) 

102 

242.5 

34.95 

B 

(S3) 

18 

149.5s 

21.84 

B 

(S3) 

87 

147 

26.2 

F 

(77) 

49 

90 

16 

F 

(77) 

23.2+0.8 

17.55  ±  0.3 

1 . 756 

B,C 

(26,  85) 

12.6 

104.75 

13.83 

A 

(46) 

140.2 

164.5  ±  4 

25.76 

B 

(46.5) 

154.25 

152.4  ±4 

23.8o 

B 

(46.5) 

239 . 7 

206  +  4 

32.3 

B 

(46.5) 

145.8 

167.7  ±  4 

28.02 

B 

(46.5) 

141 . 1 

115.5  ±4 

19.3o 

B 

(46.5) 

239 . 2 

221.0  +4 

36 . 9o 

B 

(46.5) 

79 

93.5  ±  3.5 

21.23 

I 

[  (1  4.2,  76) 

70 

110.5 

20.1 

I 

(7«) 

121.8 

141.9  ±  4 

17.3 

B 

(46.5) 

27.6  +  1.2 

87.3  +3 

14.93 

B 

(56) 

.4 

(46) 

34 

78.5 

17.1 

/ 

(7«) 

145 

148.5  ±  4 

20.3s 

B 

(*•4) 

180 

159.2  ±  4 

21 .83 

B 

(»-4) 

188  5 

152.6  ±4 

20. 9i 

B 

(‘■4> 

34 

110 

11.9 

B 

(>°) 

132 

235 

29 

B 

(59) 

40.01  ±  0.12 

1 67 .0  i  2.4 

17.88 

B 

(*.  14) 

86 

88 

21.45 

I 

(*>) 

95 

92.5 

22.55 

I 

(1S) 

95 

101.5 

26.79 

/ 

03) 

89.  S 

23.7 

/ 

(»3) 

55 

121.5 

21.2s 

/ 

(13) 

34 

1115 

19.5s 

/ 

(11) 

100 

137 

23.9s 

/ 

1  <13) 

74.9 

106  5 

14.4s 

B 

(10) 

76  58 

125  6 

17  09 

B 

(•) 

77 

134 

|  18.2 

B 

|  (64) 

*  Also  /(*«),  C(50>,  -4<*> 
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Formula 

Nn  mo 

M.  P.,  °C 

1 

Joule  per  g 

Kilojoule 
per  g- 
formula-wt. 

Method 

Lit. 

c8h8o2 

I  o-Toluic  acid . 

103.7 

148.2  ±4 

20.1s 

B 

I  (x-4) 

m-Toluic  acid . 

108.75 

115.5  ±4 

15.74 

B 

O-4) 

p-Toluic  acid . 

179.6 

167  ±  4 

22. 7i 

B 

o-4) 

c»h,no2 

Hydroxyaeetanilide . 

91.3  ±0.1 

140.6 

21.26 

B 

(1-4) 

c,n,„ 

p-Xylene . 

16 

164.5 

17.45 

I 

(13) 

C8H 10O2 

Veratrol . 

22.7 

114.9  ±  1.25 

15.87 

B,  A 

(46,  64) 

CgH  ir,02 

n-Caprylic  acid . 

16.34 

148.2 

21.36 

B 

(27 ) 

CgH802 

Allocinnamic  acid . 

58 

114.5 

17 

(65) 

Cyl  1 8^ 2 

Cinnamic  acid . 

133 

152.8s 

22 . 63s 

B 

(55) 

C91 1 10O2 

Hydrocinnamic  acid . 

48 

117.7s 

32.74 

B 

(53) 

Call  is02 

M-a-Pelargonic  acid . 

12.35 

128.2 

20.27 

B 

(27) 

n-0-Pelargonic  acid . 

163.4 

25.84 

B 

(27) 

Cl0H7NO2 

a-Nitronaphthalene . 

56 

106.5 

18.43 

B 

(2) 

Ciolig 

Naphthalene . 

79.9  ±  1.1 

148.9  +  0.4 

19.07 

B 

(1,  2,  46.5 

53,  57) 

c,„h8o 

a-Naphthol . 

95 

163  ±  4 

23.5 

B 

(46.5) 

/3-Naphthol . 

120.6 

131  +  4 

18.8 

B 

(46-5) 

C  ]oIIsO  2 

Methyl  phenylpropiolate . 

18 

95 . 7s 

15.32s 

B 

(53) 

C10H9N 

a-Naphthylamine . 

47.5 

93.5 

13.35 

B 

(10) 

48.9 

92.0s 

13.17 

B 

(14) 

50.  1 

107.1  ±0.8 

15 . 33 

B 

(7  1 ) 

E10-H-10 

1,  4-Dihydronaphthalene . . . 

150 

21.8s 

2.84 

I 

(76) 

C10H10U2 

Methyl  cinnamate . 

34.5  ±  1.5 

111  ±  1.5 

17.99 

I,  B 

(53,  76) 

C10H12O 

Anethole . 

21.5 

108.0  ±  1.3 

16  +  0. 19 

B 

(46) 

c10h14o 

Thymol . 

48.5 

115 

17.3 

B 

(19) 

CioIlisBrO 

Bromocamphor . 

174 

40.2 

B 

(2) 

C10H15NO 

i/-Carvoximc . 

71.5 

97.5 

16.1 

F 

(77) 

1-Carvoxime . 

71 

98 

16.15 

F 

(77) 

dl- Carvoxime . 

91 

103 

17.0 

F 

(77) 

C10H20O 

Z-a-Menthol . 

42 

78  ±  1 

12.2 

B 

(1°) 

C10II20O2 

n-Capric  acid . 

31  2 

162  7 

28  01 

7? 

(21\ 

C11II22O2 

n-Undecylic  acid(a) . 

28.25 

134.8 

25.09 

B 

(27) 

w-Undecylic  acidf^) . 

179.6 

33.43 

B 

(27) 

c12h9n 

Carbazole . 

236 

176 

29 . 4s 

I 

(76) 

C12H10 

Diphenyl . 

71 

109.2  ±  0.6 

16.84 

B 

(S2) 

C12H.10N  2 

Azobenzene . 

69. 1 

121 

22.1 

B 

(19) 

66 

117 

21.25 

B 

(10) 

68 

135.6 

24 . 69 

B 

(53) 

0 12H  10N  2O 

Azoxybenzene . 

34.6 

90.5 

17.9 

B 

(10) 

CiiHuN 

Diphenylamine . 

53.4  ±  0.6 

105 .6  ±5.3 

17.86 

B 

(9,  71) 

C12H12JN2 

Hydrazobenzene . 

134 

95.7s 

17.63 

I 

(76) 

C12H  I4O4 

Apiol . 

29.26 

108.0  ±  0.2 

23.99 

B 

(75) 

0l2H2402 

n-Lauric  acid . 

43.85  +  0.15 

183  ±  2 

36.63 

B 

(72) 

B 

(27) 

CjjHioU 

Benzophenone . 

48.25  ±  0.25 

98.5  ±  0.55 

17.95 

B 

(10,  75) 

C13II12 

Diphenylmethane . 

26.3 

105.5 

17.7 

) 

(76 

E1SH13.N 

Benzylaniline . 

36 

91.5 

16. 7t 

I 

(76 

Ci4H802 

Anthraquinone .  .  . 

282 

156.9  ±  1.2 

32.64 

B 

(39) 

Ci4Hio 

Anthracene . 

216.55 

162  ±  0.4 

28.8s 

B 

(39) 

C|4iiio 

Plienan  throne . 

98.2  +  1.8 

101.5  ±  2.5 

18.1 

B 

(64) 

C  hH  10 

Tolane . 

60 

120.0s 

21.38 

B 

(53) 

CmH  1o02 

Benzil . 

94.94 

92.7 

19.45 

B 

f9) 

ChH)2 

Dihydrophenanthrene . 

94 

73.4s 

13 . 25 

B 

(39) 

Cnlll2 

Stilbene . 

124 

167 

30.2 

I 

(7  6) 

ChHh 

Dibenzyl . 

51 

129.8s 

23.64s 

1 

(76) 

C14I  KsOj 

Myristic  acid . 

198.75 

45 . 35 

B 

(72) 

Ciei  132^^2 

Palmitic  acid . 

55 

164 

42.0s 

B 

(10) 

CI6H34C) 

Cetyl  alcohol . 

47 

141.5 

34 . 2s 

I 

(76) 

Cull  14O3 

Cinnamic  anhydride. . 

48 

117.75 

32.74 

B 

(53) 

CisHjbOj 

Elaidic  acid . 

47 

218 

61 . 5.5 

I 

(76 

Cl«ll36uj 

Stearic  acid . 

64 

199 

56 . 5 

B 

(10 

C19H  IB 

Triphenvlmethane . 

92.3 

74.5  ±  0.8 

18.2 

B 

(39) 

C57H  iioOb 

Tristearin . 

56 

191 

170 

I 

(76) 
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LITERATURE 

(For  a  key  to  the  periodicals  sec  end  of  volume) 

(■)  Alluard,  0,  57:  438;  57.  (*-4)  Andrews,  I.ynn  and  Johnston,  1,  48:  1274: 

26.  (*■•)  Auerbach,  7,  111:  337;  28.  (*)  BatteUi,  H,  8:  1781;  84  Batt<  li 

and  Marti:, ■■•'i.  It,  1:  621;  85.  (*)  Berthelot,  6,  6:  145;  75  4  Berthe 

6,  12:559;  77.  (»)  Berthelot,  34,  87  :  573;  78.  6,  15  :  185;  78.  (6  Berthe¬ 
lot,  6,  *1:  870;  80.  (7)  Berthelot,  8,  *7  :  389;  82.  (»)  Berthelot,  B7S.  (») 

Bogojawlenald,  in  B67.  (••*)  Bogojawlenald,  /. 56,  1905  II:  945. 

(»•)  Bruner,  SB,  17:  2102  '.*1.  •"  BrOnsted,  7,  <8  :  69  09  •' 

14:  53;  94.  (13)  Colson,  34,  104:  428;  87.  (14)  Demerliac,  SI,  7  :  591;  98. 

(,4-1).  Dickinson  and  Osborne,  51.1,  12:  49;  15.  I14,2)  K.  I.  Dupont  de 

Nemours  &  Co.,  Wilmington,  Del.,  0.  (ls)  Efremov,  134,  13:  765;  19. 
(ls)  Khrhardt,  8,  24:  215;  85.  (17i  I  .streicher  and  Staniewski,  180,  1910A: 

349,  (is)  Eucken,  .s.v,  18:  4;  16.  (*••*)  Eucken  and  Karwat,  112 :  467 

24.  (19)  Eijkmann,  7,  4:  497;  89. 

(20)  Favre  and  Silbermann,  G,  37  ;  406;  53.  (21)  Ferche,  Diss.,  Halle,  1890.  8, 

44:  205 ;  91.  22  Fischer,  8,  *8:  100  so.  23  \  .37: 

lot,ii7.  (*«)  de  Forcrand,  4,182:  569:01.  (**)  de  Forcrand  .,136: 

9 (6,  1034  24  34  154 :  1767;  12.  (26-5)  de  1  • 

34,  182:  1191;  26.  (27  I  Garner  and  Randall,  4,  125:  881;  24.  (28'  Gibson 

and  Giauque,  1 ,  45  :  93;  23.  (29  I  Gibson,  Parks  and  I.atimer,  1,  42  :  1542;  20. 

(20)  Giran,  £7,  13:  1049;  13.  (3I)  Goodwin  and  Kalmus,  2,  28:  1;  09.  (32) 

Gui  t,  BBS  11  <  1  i  hant,  ..145:  68,  320;  07  34  Guini  I.  int,  . 

149:479:09  (**) Guinchant and Chretien, 34, 188: 1269  04.  (*•  H 

35:  410;  88.  (3T)  Hevesy,  7,  73:  667;  10.  (3S)  Hilbert  and  Fuller,  1,  35: 

978:  13.  (39)  Hildebrand,  Duschak,  Foster  and  Beebe,  1,  39:  2293;  17. 

(40)  Iitaka,  1S9,  8  :  99;  19.  (4l )  Jaeger,  64V,  20 :  497;  1 1.  (4 1 )  Jaeger  and  van 

Klooster,  95,  78:  245;  12.  (42)  Keesom  and  Onnes,  168,  No.  153a;  18. 

64P,  20:  1000:  18.  (43)  Knietsch,  in  Hantzsch,  7,  61:  257;  08.  (44)  Lati- 

LATENT  HEAT  C 

The  values  recorded  in  this  section  are  based  upon  direct 
calorimetric  determinations.  For  values  based  upon  vapor  pres¬ 
sure  data,  see  the  vapor  pressure  sections  of  Vol.  Ill,  p.  201,  204, 
207,  213,  215,  302,  and  for  metals,  v.  Vol.  II,  p.  458;  Vol.  Ill,  p.  204. 
CONVERSION  FACTORS 

1  joule  =  0.2392  g-cabo;  =  0.2389  g-caluj  =  2.778  X  10~"  kw. 
hr;  =  0.7376  ft.  lb.;  =  9.870  X  10~®  1-atm.;  =  9.482  X  10"4 
BTUao. 

ELEMENTARY  SUBSTANCES  AND  ATMOSPHERIC  AIR  * 

Arthur  Whitmore  Smith 


Symbol 

l,  g-calu 
per  g 

L,  kj  per 
g-atom 

At  t,  °C 
or  p,  mm 

Lit. 

A . 

37 . 6 

6.28 

-186° 

(10,  14) 

Br . 

43. 7(?) 

14. 6(?) 

+  63° 

(6,  19) 

H, . 

108 

0.455 

-252.8° 

(10) 

H, . 

108 

0 . 455 

760  mm 

(13) 

h2 . 

109.2 

0.460 

600  mm 

(14) 

h2 . 

110.8 

0.467 

400  mm 

(17) 

Hz . 

112.2 

0.473 

200  mm 

(22) 

He . 

6 

0.100 

-268.6° 

(15,  16) 

I2 . 

24(?) 

12.7 

+  184° 

(U) 

n2 . 

47 . 6 

2 . 79o 

-195.55° 

(*) 

N, . 

48.3 

2 . 83  0 

-198° 

(10) 

N, . 

49.4 

2 . 90o 

-202° 

(14) 

Nj . 

50.5 

2 . 96o 

-206° 

N, . 

51.6 

3.025 

-210° 

O, 

50 . 9 

3.41o 

-182.9° 

(1) 

O, . 

52.0 

3.48o 

-188° 

(2) 

o2 . 

53.2 

3 . 56o 

-194° 

(10) 

0, . 

54.5 

3 . 65  0 

-200° 

(13) 

<)• . 

55.5 

3 . 72  0 

-205° 

p . 

130 

17.0 

+287° 

(12) 

s 

(1.5) 

•For  metals,  r.  Vol.  II,  p.  458;  \  ol.  Ill,  p.  204. 


Oxygen- Nitrogen  Mixtures  under  One  Atmosphere 
The  quantity  recorded  below  is  the  difference  in  heat  content 
between  the  liquid  at  its  boiling  point  and  a  vapor  of  the  same 
composition  at  its  initial  condensation  temperature.  Accuracy: 
0.2%  absolute.  0.1  %  relative  (7-5). 


mer,  /.  44:90;  22.  (48)  I^ocnhardt  and  Boutarir,  34,  154:  113;  12.  £?,  13- 

651 ;  13.  (48)  Louguinine  and  Dujjont,  87,  9  :  219;  1 1.  (48*5 )  Lynn,  Thitr*, 

Yale,  1925.  (47)  Maass  and  Thatcher,  1,  42:  2548;  20.  (47.5  Ma&aa  sind 

Barno?,  5,  111:  224;  26.  (4* )  Maasa  and  Waldbauer,  /.  47:  1.  26.  (4*> 

Massol,  34,  134:  653;  02 

(50)  Meyer,  7.  72:  225;  10.  (*»)  Xarbutt,  9,  24:  339;  IS.  25:  51.  19  (52> 

NauekhofT,  92,  18:  11;  05.  (82)  padoa,  22.  28  II:  239;  19.  (53-5)  Parka. 

1 .  47  1  53.6  1  l'urk*4  and  Anderson,  /.48:  1506  26.  •*•*)  Parka 

and  Kelley,  /,  47:  2089;  25.  (54)  Person,  6,  21:  295;  47  ( 5 5 )  Person,  6, 

27 ;  .  24:129,293;81.  (*7  Pickering,  .  49  11. 

91.  (5«)  Plato,  7,  55:  721;  06.  C58-1)  Plato,  7,  58:  350;  07.  (89)  Puma. 

36,  41  II:  518;  11. 

(6°)  Pratolongo,  22,  22  II:  716;  13.  (61)  Ramsay,  7,  5:  221;  90.  (82)  R<*g- 

nault,  6,  26:  278;  10.  (•*)  Rieeenfeld  and  Milchsaek,  93,  85  :  401;  11 

(«4)  Robertson,  4.  81:  1233;  02.  (6S)  Roth,  in  Meyer,  9,  17:  976;  11.  (••) 

Riiber  and  Sohetelig,  r,  48:  345;  04.  67  Sackur,  7,  78:  550;  11.  (68) 

Schwarz  and  Sturm,  25,  47 :  1730;  14.  (69)  Shukarev,  7,  71  :  90;  10 

(70)  Simon  and  I.ange,  96,  15:  312;  23.  (7I)  Still mann  and  Swain,  7,  29:  705; 

99.  (72)  Stohmann  and  Willing,  52,  32:  80;  85.  (73»  Stortenbeker,  7,  10: 

183;  92.  (74)  Stratton  and  Partington,  3,  43:  436;  22.  (75f  Tammann,  7, 

29:  51;  99.  r 7  6  •  Tammann,  188 ,  1913:  335  7,  85:  273;  1  •  7 '  i  u 

.  7,  87:  ;  14.  . 7  8  ,  II:  212.  (*• 

1901A :  1. 

(•0)  de  Yisser,  70,  12:  101;  93.  (•*)  Walden,  93,  68:  307;  10.  («>•*)  Warten- 

berg,  13,  440:  97;  24.  (82)  Washburn  and  Read,  197,  1:  191;  15.  (831 
Werner,  6,  3:  567;  84  • s 4  •  Wigand,  63:  273;  08.  85  Cauquil,  34, 

180 : 1208  25  ••)  Giauque  and  Wiebe,  1,  50: 101  28  8 '  G  I 

Wiebe,  /,  50:  2193;  28.  (88)  Magnus  and  Oppenheirn,  93,  168:  305;  2H. 
(89)  Robertson,  182,  18:  139;  03. 

(")  Umino,  47,  28:  381;  28. 


VAPORIZATION 


%  02  in  liq . 

1,  joule  g . 

0  5 

119.8201.1 

10  |  15 
202. 4 [203. 7 

20 

204.9 

25  I  30 
206.2!207.4 

%  02  in  liq . 

1,  joule,  g . 

35  |  40 
208.51209.5 

45  I  50 
210 . 4[21 1 . 2 

55 

212.0 

60  |  65 

212.7  213.' 

%  02  in  liq . 

1,  joule /g . 

70  75 

213 . 7|214 . 1 

80  I  85 
214. 4(214. 4 

90 

214.1 

95  I  100 
213.91213.4 

LITERATURE 

(For  a  key  to  the  periodicals  see  end  of  volume) 

(>)  Alt,  8,  19:  739;  06.  (••»)  Awbery,  67,  39:  417;  27.  (2)  Barschall,  9, 

17:  345:  11.  (3)  Baxter  and  Grose,  1,  37:  1061;  15.  (4)  Baxter,  Hickey 

and  Holmes,  1,  29:  127;  07.  (5)  Beckmann  and  Liesche,  93,  85:  31;  14. 

(®)  Berthelot  and  Ogier,  6,  30:  410;  83.  (7)  Crommelin,  64P,  16:  477;  13. 

168,  No.  138c;  13.  (7-5>  Dana,  65,  60  :  241;  25.  (*)  Dewar,  18B,  14:  241; 

99.  (9)  Dodd,  1,  42:  1579;  20. 

(,#)  Eucken.  26,  18:  4;  16.  (*'i  Favre  and  Silbermann,  6,  37:  406;  53.  (,2) 

Kaye  and  Laby,  Physical  and  chemical  constants  and  some  tables  of  malhc~ 
matical  functions.  New  York,  Longmans,  1921.  (' 3)  Keesom,  168,  No. 

137e;  11.  (14>  Mathias,  Crommelin  and  Onnes,  34.  176:  980;  23.  (ls) 

Onnes,  64P,  IS:  1093;  11.  168,  No.  119:  11.  (>«)  Onnes,  BS,  p.  1175. 

(17)  Onnes  and  Keesom,  64P.  18:  440:  13.  168,  No.  137d;  13.  (*9) 

Pcllaton,  42,  13:  426;  15.  (,9)  van  der  Blasts,  quoted  by  (*2). 

(so*  Richards,  14s,  187:  681;  19.  «**  |  Shearer,  f,  17  :  469;  03.  (**)  Simon 

and  Lange,  96,  15:  312;  23 

CHEMICAL  COMPOUNDS 
Farrington  Daniels  and  J.  Howard  Mathews 

l,  =  latent  heat  of  vaporization,  joules  per  gram,  at  t,  °C  to 
produce  saturated  vapor  at  t°,  the  liquid  being  under  its  own 
vapor  pressure  during  evaporation. 

The  values  marked  with  an  asterisk  (*)  were  obtained  by  meas¬ 
uring  the  heat  of  condensation.  All  other  values  were  obtained  by 
measuring  the  input  of  electrical  energy  necessary  to  evaporate  a 
given  weight  of  liquid. 

The  results  by  condensation  methods  (*)  are  usually  too  low 
on  account  of  premature  condensation  and  are  unreliable  also, 
because  the  specific  heat  of  the  liquid  is  usually  not  accurately 
known.  Most  of  the  results  published  before  1900  may  be  too  low 
by  10  joules  or  more. 

For  the  substances  marked  with  a  dagger  <  t >  the  value  given  is 
taken  from  the  detailed  tables  of  the  next  -■  tion.  p  i.!v 
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Parentheses  (  )  around  the  temperature  indicate  that  the 
temperature  was  not  recorded  in  the  original  communication  and 
that  the  normal  boiling  point  has  been  taken.  The  corresponding 
value  of  Trouton’s  ratio  is  also  enclosed  in  parentheses. 


h  —  chaleur  latente  de  vaporisation,  joules  par  g  il  t,  °C  n6ces- 
saires  pour  produire  la  vapeur  saturde  t°,  le  liquide  dtant  sous  sa 
propre  tension  de  vapeur  pendant  l’evaporation. 

Les  valeurs  marquees  d'un  asterisque  (*)  out  etc  obtenues  en 
mesurant  la  chaleur  de  condensation.  Toutes  lcs  autres  valeurs 
ont  dtd  obtenues  en  mesurant  l’apport  d’energie  electrique,  neces- 
saire  pour  dvaporer  un  poids  donne  de  liquide. 

Les  rcsultats  obtenus  par  les  methodes  de  condensation  (*) 
sont  ordinairement  trop  faibles  par  le  fait  d’une  condensation 
prdmaturde  et  sont  aussi  moins  digne  de  confiance  par  le  fait 
quo  la  chaleur  spdcifique  du  liquide  n’est  generalement  pas  connue 
d'une  fagon  precise.  La  plupart  des  rcsultats  pub  lids  avant  1900 
peuvent  etre  trop  faibles  de  10  joules  et  plus. 

Pour  les  substances  marquees  d’une  croix  (f),  la  valeur  donnde 
est  extraite  des  tables  ddtailldes  de  la  section  suivante,  p.  138. 

La  tempdrature  marquee  entre  parentheses  (  )  indique  que  la 
temperature  n’a  pas  etc  mentionnde  dans  le  mdmoire  original  et 
que  le  point  d’dbullition  normal  a  etc  choisi.  La  valeur  corre- 
spondante  du  rapport  de  Trouton  est  aussi  mise  entre  parentheses. 


=  latente  Warme  der  Verdampfung,  in  Joule  pro  Gramm  bei 
t,  °C  fiir  die  Erzeugung  von  gesattigten  Dampf  bei  t°.  Wiihrend 
der  Verdampfung  befindet,  sich  die  Fltissigkeit  unter  ihrem  eigenen 
Dampfdruck. 

Die  mit  einem  Stern  (*)  bezeichneten  Werte  sind  durch  Messung 
der  Kondensations-Warme  erhalten  worden.  Alle  anderen  Werte 
sind  durch  Messung  der  angewandten  elektrischen  Energie 
erhalten,  die  notwendig  ist,  eine  gegebene  Gewichtsmenge  Fliissig- 
keit  zu  verdampfen. 

Die  nach  der  Kondensationsmethode  (*)  erhaltenen  Werte  sind 
gewohnlieh  zu  niedrig,  einmal  wegen  der  vorzeitigen  Kondensation, 
dann  aber  auch  deshalb,  weil  die  spezifische  Warme  der  Fliissigkeit 
gewohnlieh  nicht  genau  bekannt  ist.  Viele  der  Werte  die  vor  dem 
Jahre  1900  publiziert  worden  sind,  diirften  deshalb  um  etwa  10 
oder  mehr  Joule  zu  niedrig  sein. 

Ftir  die  mit  einem  Schwert  (f)  bezeichneten  Stoffe  ist  der 
angegebene  Wert  einer  besonderen  Tabelle  des  folgenden  Abschnit- 
tes,  S.  138,  entnommen. 

Die  in  Klammer  (  )  gesetzten  Temperaturen  bedeuten,  dass 
diese  nicht  in  der  Originalmitteilung  angegeben  ist  und  der  normale 
Siedepunkt  genommen  ist.  Der  entsprechende  Trouton’sche 
Quotient  ist  ebenfalls  in  Klammer  gesetzt. 


lv  =  calore  latente  di  vaporizzazione,  joules  per  g  necessari  a 
t,  °C  per  produrre  vapore  saturo  a  t°,  supponendo  il  liquido  durante 
l’evaporazione  sotto  la  sua  tensione  di  vapore. 

I  valori  segnati  con  un  asteriseo  (*)  sono  stati  ottenuti  misurando 
il  calore  di  condensazione.  Tutti  gli  altri  sono  stati  ricavati  dal 
consumo  di  energia  elettrica  necessaria  ad  evaporare  un  dato  peso 
di  liquido. 

I  risultati  ottenuti  con  il  metodo  di  condensazione  (*)  sono  per  lo 
pid  troppo  bassi  a  causa  di  una  condensazione  prematura  e  sono 
incerti  anche  perche  il  calore  specifico  dei  liquidi  in  genere,  non  6 
esattamente  conosciuto.  La  massima  parte  dei  risultati  pubblieati 
prima  del  1900,  possono  essere  pih  bassi  di  10  joules  o  anche  pih. 

Per  le  sostanze  segnate  con  (f)  il  valore  dato  6  preso  dalle  tabelle 
riportate  nella  sezione  seguente  a  p.  138. 

Le  temperature  chiuse  tra  parentesi  (  )  significano  ehe  non 
trovandosi  indicata  la  temperatura  nella  memoria  originale  si  6 
preso  il  punto  di  ebollizione  normale.  Il  valore  corrispondente 
del  rapporto  di  Trouton  6  anche  chiuso  tra  parentesi. 


Trouton's  ratio, 
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Formula 

1,  °G 

/p  tit. 

[,  °C, 

joulo 
per  gram 

Trouton’s 

ratio, 

L./T 

Lit. 

H2Ot . 

100 

2258 

109.0 

v.  p.  138 

IIF . 

17 

15 1 0 

104 

(33)  * 

HC1 . 

-  84.3 

413. 1 

79.8 

(23) 

-  85.0 

443.1 

85 . 8 

(28.5) 

II  Hr . 

-  69.9 

203 . 6 

81.2 

(23) 

-  66.72 

217.7 

85.3 

(81) 

III . 

-  37.2 

142.0 

77.1 

(23) 

SOD . 

-  10.08 

397 

96.7 

v.  p.  138 

S03 . 

53 

496 

122.1 

(29)* 

IKS . 

-  61.4 

552.2 

88.9 

(23) 

H2S04 . 

326 

51 1 

83.7 

(85)* 

S2C12 . 

138 

20? 

67.6 

(62)* 

138 

267 

87.7 

(33.5) 

SOCL . 

82 

22s 

76 . 4 

(62)* 

so2ci2 . 

69.1 

206.9 

81.6 

(74)* 

S206C12 . 

140 

25e 

133.3 

(63)* 

('ISO:  II . 

151 

46i 

126.7 

(63)* 

Nil  r . 

-  33.4 

1369 

98.1 

V.  p.  138 

HNO3 . 

86.0 

48i 

84.4 

(6)* 

n2o  t . 

n2o4 . 

18 

39i 

123.6 

v.  p.  138 

(14)* 

NH4C1  (solid) . 

350 

33  0 

(53)* 

PC13 . 

78 

215 

84.2 

(»)* 

Si(0CH8)4 . 

121 

194 

75.0 

(40) 

Si(OC2H6)4 . 

156 

141 

12  5 

(61)* 

(() . 

(-192) 

211.1 

(73.0) 

(24) 

C02f . 

SiCl4 . 

57 

151 

77 . 7 

v.  p.  138 

(40) 

SnCl4 . 

112 

127 

85.9 

(1)* 

BC13 . 

10 

I60 

66.3 

(8)* 

(T-Table — (T-Arrangement  (v.  Vol.  Ill,  p.  viii) 


Formula 

Name 

f,  °c 

l „  at  t° 

Lv/T 

|  Lit. 

CC1N 

Cyanogen  chloride . 

1  13 

56s 

121.4 

9  )  * 

ccut 

Carbon  tetrachloride. 

76 . 75 

194.3 

85.4 

V.  p.  138 

CSst 

Carbon  disulfide . 

46.25 

352 

83.8 

v.  p.  138 

CHClat 

Chloroform . 

61.5 

247 

87.9 

r.  p.  138 

CHN 

Hydrocyanic  acid . 

20 

880 

81.1 

(»)* 

CH2CI2 

Methylene  chloride . 

40.5 

329 

89.1 

(57) 

CH2O2 

Formic  acid . 

101 

502 

61.8 

(15) 

CH3CI 

Methyl  chloride . 

-  23.8 

428 

75.1 

(7I) 

P  15.0 

402 

(79.5; 

20.0 

399 

(79.5) 

25.0 

396 

(79.5) 

CHal 

Methyl  iodide . 

(42) 

192 

(86.5) 

(54) 

CH3NOj 

Nitromethane . 

99.9 

565 

92.5 

(57, 

ch4 

Methane . 

-159 

578 

81.0 

(57) 

CEUOf 

Methyl  alcohol .  . 

64.7 

1100 

104.3 

v.  p.  138 

C2C14 

Tetrachloroethylene.  .  . 

120.7 

209.5 

88.2 

(57) 

C2Nj 

Cyanogen . 

0 

43t 

82. 1 

(19)* 

C2HC13 

Trichloroethylene . 

85.7 

239.6 

87.8 

(S7> 

C2HC130 

Chloral . 

22« 

(7)* 

CALChOs 

Dichloroacetic  acid . 

194.4 

323 

89.1 

(47)* 

C2H2CI4 

l,  l,  2,  2-T etrachl oro- 

ethane . 

145.0 

230.5 

92.6 

(57) 

C2HsC10 

Acetyl  chloride . 

(51) 

33o 

(79.9) 

(11). 

C2H3CU02 

Chloral  hydrate . 

96 

552 

274.4 

(7)* 

CiHiN 

Acetonitrile . 

80 

727 

84.5 

(38). 

CtH.Br2 

Ethylene  bromide . 

130.8 

193.5 

90.0 

(S7) 

C.ILClj 

Ethylene  chloride . 

0.0 

357 

(36). 

82.3 

323.7 

90.1 

(57) 

C!H.C1s 

Ethylidene  chloride. 

0.0 

321 

(36). 

(60) 

28 1 

(83.5) 

(13). 

C2H4O 

Acetaldehyde . 

(21) 

57  0 

(85.3) 

(4)* 

C2H40 

Ethylene  oxide . 

13 

58o 

89.3 

(10). 

C2H40it 

Acetic  acid . 

118.3 

405 

62.1 

r.  p  138 

C2H4O2 

Methyl  formate . 

31.3 

470.3 

92.8 

(*7) 
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Formula  | 

Name 

t.  °c 

f„  at  <° 

K/T 

Lit. 

CjHtBr 

Ethyl  bromide . 

38.4 

250.8 

87.8 

(75) 

CjIUCl 

Ethyl  chloride  ... 

4.7 

389 

90.3 

(”) 

15.0 

387 

86.6 

(79.5) 

20.0 

386 

(79.5, 

25.0 

385 

(79.5, 

CjH.CIO 

2-Chloroethyl  alcohol.  .  . 

126.5 

514.6 

103.7 

(57) 

C,H  .1 

Ethyl  iodide . 

71.2 

190.9 

86.5 

(57) 

C,H. 

Ethane . 

0 

314 

(19.5) 

-  10 

341 

(19.5) 

-  20 

364 

(19.5) 

-  30 

386 

(19.5) 

-  40 

408 

(19.5) 

-  90 

1080 

177.3 

(57) 

CiH«Ot 

Ethyl  alcohol 

78.3 

855 

112.0 

v.  p.  138 

C,H.O, 

Glycol . 

197 

800 

105.6 

(45), 

C,H,N 

Ethylamine . 

(15) 

61 1 

(95.5) 

(28)* 

C.H.N 

Propionitrile. 

97 

562 

83.6 

(47)* 

C.H.O  t 

Acetone . 

56.1 

521 

91.9 

r.  p.  138 

C.H.o 

Allyl  alcohol . 

(96) 

684 

(107.5) 

(46)* 

C.H.O. 

Ethyl  formate . 

53.3 

406.8 

92.3 

(S7) 

CjIIeOi 

Methyl  acetate . 

0.0 

477 

(36)* 

56.3 

410.6 

92.3 

(57) 

C.H.O, 

Propionic  acid . 

139.3 

413.6 

74.3 

(57) 

C.H.O, 

Dimethyl  carbonate.  . 

90 

369 

91.5 

(46)* 

CiHs 

Propane . 

20 

349 

(19.5) 

+  10 

362 

(19.5) 

0 

375 

(19.5) 

-  10 

387 

(19.5) 

-  20 

399 

(19.5) 

-  30 

410 

(19.5) 

C.H.Ot 

n-Propyl  alcohol . 

97.2 

688 

111.6 

r.  p.  138 

C.H»Ot 

Isopropyl  alcohol . 

82.3 

667 

118.4 

r.  p.  138 

C.H.O, 

Methylal . 

42 

37« 

90.8 

(12). 

C.H.O 

Furane . 

31 

399 

89.3 

( S  7. 2) 

C.H.O, 

Acetic  anhydride . 

137 

27? 

68.9 

(4). 

C.HtCIO, 

/3-Chloroethyl  acetate  .  . 

141.5 

338 

99.9 

(57) 

C.H.N 

n-Butyronitrilo . 

117.4 

481 

85.1 

(49)* 

C.H.O 

Methyl  ethyl  ketone . 

78.2 

443.4 

91.0 

(57) 

C.H.O, 

n-Butyric  acid . 

163.5 

477 

96.2 

(IS) 

C.H.O, 

Isobutyric  acid . 

154 

467 

96.3 

(15) 

C.H.O, 

Ethyl  acetate . 

0.0 

427 

(36)* 

C.H.O, 

Methyl  propionate . 

79.0 

366.5 

91.7 

(57) 

C.H.O, 

n-Propyl  formate . 

80.0 

368.9 

92.0 

(57) 

C.H.I 

n-Butyl  iodide . 

129.5 

192.1 

87.8 

(57) 

C.H.N’O 

Methyl  ethyl  ketoxime. 

182 

485 

92.8 

(49). 

C.Hlo 

Butane . 

20 

366 

(19.5) 

10 

376 

(19.5) 

0 

383 

81.4 

(19.5) 

C4H1. 

Isobutane . 

20 

333 

(19.5) 

+  10 

345 

(19.5) 

0 

356 

(19.5) 

-  10 

366 

80.8 

(19.5) 

C4H10O 

n-Butyl  alcohol . 

116.8 

591.  s 

112.4 

(57) 

C4H10O 

Isobutyl  alcohol . 

106.9 

578 

112.7 

(57) 

C4H.0O 

*rc. -Butyl  alcohol . 

98. 1 

562.5 

112.3 

(57) 

C4H10O 

tert. -Butyl  alcohol . 

83 

546 

113.6 

(15) 

C4H  ioOt 

Ethyl  ether . 

34.6 

351 

84.5 

r.  p.  138 

C4H11N 

Diethylamine . 

58 

381 

84.1 

(59). 

C4H4O1 

Furfural . 

160.5 

450 

99.6 

(57) 

c.h.n 

Pyridine . 

114.1 

449.4 

91.8 

(57) 

CiH.N 

n-Valeronitrile . 

129 

403 

83.3 

(39). 

C»H  10 

Amylene . 

12.5 

3D 

77.1 

(5). 

CiHioO 

Diethyl  ketone . 

101 

380 

87.5 

(46). 

C4H10O 

Methyl  isopropyl  ketone. 

92 

376 

88.7 

(46), 

C.H10O, 

w-Butyl  formate . .  . 

105.1 

363.1 

98.0 

(57) 

C.H.0O, 

Isobutyl  formate . 

97.0 

328.6 

90.7 

(57) 

C.HuO, 

Ethyl  propionate . 

97.6 

335.2 

92.3 

(57) 

C.HioO, 

Methyl  n-butyrate.  . 

102.6 

334 

90.8 

(15) 

C.HuO, 

Methyl  isobutyrate 

91  1 

327 . 0 

91.7 

(57) 

C»H  uO, 

n-Propyl  acetate . 

100.4 

336.0 

91.9 

(57) 

C»H  i©Oi 

n-Valeric  acid . 

184.6 

432 

96.4 

(»') 

c.Hi.0, 

Isovaleric  acid . 

176.3 

423 

96.1 

(15) 

C.HwO, 

Diethyl  carbonate.  .  . 

126 

306 

90.6 

(47). 

C.H.iBr 

n-Amyl  bromide.  . 

129 

202 

(75  9) 

(»)* 

CtHuI 

n-Aniyl  iodide.  ... 

155 

19o 

(92.1) 

(9). 

C4H..N 

Piperidine . 

106 

374 

84.0 

(47). 

C4H.1 

Isopentane . 

13 

371 

93  5 

(7*> 

C4H11O 

n-Amyl  alcohol ... 

131 

503 

109.7 

(6  6). 

r.HuO 

Isoamyl  alcohol.  .  . 

130.2 

501.4 

109.3 

(57) 

C-Table. — (/'an  tin  ned) 


P'ormula 

Name 

t.  °C 

L,  at  t° 

L./T 

L:t. 

C.HuO 

ferf.-Amyl  alcohol 

102 

443 

104  1 

('•) 

C.HuO 

Ethyl  propyl  ether 

60.0 

346 

91.5 

(«°) 

C.HuN 

n-Amylamine . 

05 

413 

97.8 

(>•)* 

Cell.Br 

Bromobenzene . 

155.9 

241.1 

88.2 

(,7) 

C.H.Cl 

Chlorobenzene . 

130  6 

324  8 

90  5 

<”) 

C.H.NO, 

Nitrobenzene . 

210 

331 

84  3 

(«»)* 

C.H.t 

Benzene . 

80  2 

394.8 

87  2 

r.  p  I08 

C.H.N 

Aniline . 

183 

434 

88  6 

(*•*) 

C.HiN 

a-Picoline . 

129 

380 

88 . 0 

(3»). 

C.H.o 

Cyclohexene . 

81.6 

371.2 

85.9 

(57) 

C.HioO 

Mesityl  oxide . 

128 

359 

87.8 

(4«). 

C.HioO. 

Diethyl  oxalate . 

185 

283 

90.3 

(«»)* 

C.HuCl 

Cyclohexyl  chloride . 

142.0 

313 

89.4 

(*0) 

C4H11N 

Capronitrile . 

156 

369 

83  5 

<«7)‘ 

C.Hn 

Cyclohexane . 

80.0 

358.3 

85.4 

(”) 

C«H  11 

Hexylene . 

0 

388.3 

(>*)• 

C.HuO 

Cyclohexanol . 

161.1 

453 

104.5 

(.0) 

C1H11O 

Methyl  n-butyl  ketone. 

127 

345 

86.3 

(46). 

C.HuO, 

n-Butyl  acetate . 

124  0 

309 

90.4 

(,S) 

C.HuO, 

Ethyl  n-butyrate . . 

118.9 

312.6 

92.6 

<S7) 

C.HuO, 

Ethyl  isobutyrate . 

109.2 

301.6 

91.6 

(") 

C.HuO, 

Isoamyl  formate . 

123 

308 

90 . 3 

(15, 

CeHuOs 

Isobutyl  acetate . 

115.5 

308.7 

92.3 

<57) 

C.HuO, 

Methyl  n-valorate . 

116 

29s 

87.4 

(•»)* 

C«HisOj 

Methyl  isovalerate . 

116 

303 

90.4 

(,S) 

C.HuO, 

n-Propyl  propionate . 

120.6 

306.2 

90.3 

(57, 

CtHu 

n-Hexane . 

0 

373 

(36). 

66.9 

342  1 

86.7 

(”> 

68 

332 

83.8 

(52). 

C.HuO 

Ethyl  isobutyl  ether . 

79.0 

313 

90.8 

(60) 

C6H14O2 

Acetal . 

102.9 

277 

87.0 

(46). 

C.HuN 

Di-n-propvlarnine . 

108 

317 

84.2 

(39). 

CiH.N 

Benzonitrile . 

189 

367 

81.9 

(38). 

CiH.O 

Benzaldehvde . 

179 

362 

84.9 

(48). 

CiH.O, 

Salicylaldehyde . 

196 

313 

81.5 

(50). 

C7H7CI 

o-Chlorotoluene . 

158.1 

304 

89 . 2 

(S’) 

C7H7CI 

/>-Chlorotolueno . 

160.4 

306.1 

89.4 

(57) 

CiH. 

Toluene . 

109.6 

362 . 2 

87.2 

(57) 

C7H.O 

Phenvl  methyl  ether.  . 

153 

341 

86.5 

(49). 

C7H.O 

Benzyl  alcohol . 

204.3 

470 

106.4 

(S7) 

C-H.O 

m-Cresol . 

202 

421 

95.8 

(47). 

C7H,N 

Methylaniline . 

194 

400 

91.7 

(49,. 

CtH.N 

o-Toluidine . 

198 

398 

90.5 

(49). 

198 

382 

86.8 

(45). 

C-H 14 

Dimethylcyclopentane. .  . 

91 

339 

91.4 

(52). 

CtHu 

Methylcyclohexane . 

99.9 

321.9 

84.7 

(") 

CiHuO 

Dipropylketone . 

143.5 

317 

86.9 

(46). 

C7H14O 

Methyl  n-amyl  ketone.  .  . 

149.2 

346 

93.6 

(S’.I) 

C-HuO, 

n-Butvl  propionate . 

144.9 

300.3 

82.0 

(»7) 

C7H14O, 

Isobutyl  propionate . 

137 

27s 

76.8 

(69). 

CtHuO, 

Ethyl  n-valerate . 

98 

32a 

99.3 

(69). 

C,HuO, 

Ethyl  isovalerate . 

144 

284 

77.7 

(15) 

CtHuO, 

Isoamyl  acetate . 

143.6 

289 

79.2 

('*) 

CtHuO, 

n-Propyl  n-butyrate . 

143.6 

286 

78.3 

('*) 

CiHuO, 

n-Propyl  isobutyrate.  .  .  . 

134 

267 

74.9 

(69). 

C7H1. 

n-Heptane . 

97.5 

319.4 

86.3 

(*7) 

C7H1.O 

n-Heptyl  alcohol . 

176 

439 

113.5 

(18) 

C.H.O 

Acetophenone . 

203.7 

323 

81.4 

(67). 

C.11,0 

Ethylbenzene . 

135.2 

339 . 6 

88.3 

,87) 

C.Hi. 

o-Xylenc . 

141.4 

346  9 

as.  8 

(*7) 

CiH,. 

m- Xylene .  .  . 

138.5 

342  6 

as.  3 

(*T) 

C.H.o 

p-Xylene . 

137.1 

339.1 

87 . 7 

(*7) 

C.HuN 

Dimethylaniline . 

193 

338 

87.8 

(6  9). 

C.H.6 

Di  methylcyclohexane 

118.5 

300 

85.9 

(II). 

CoHisO 

Methyl  hexyl  ketone. 

173 

310 

89  1 

(48)* 

C.H..O, 

Isoamyl  propionate . 

161 

273 

90  7 

(*  •> 

C.HuO, 

Isobutvl  n-butyrate . 

157 

270 

90  5 

(“> 

CtHuO, 

Isobutyl  isobutyrate . 

148 

265 

90.7 

(«*) 

n-Propyl  isovalerate . 

156 

270 

90  7 

('•) 

C.  Hu 

4-Methylheptane . 

117.2 

296.5 

86.7 

(•»> 

C.H11 

n-Octane . . 

125 

297 

85  2 

(82). 

C.H..O 

n-Octyl  alcohol . 

196 

•408 

113  2 

(**) 

C.H  O 

dl-nce.- Octyl  alcohol . 

180 

395 

113  5 

(!  •) 

C.H..N 

Diisobutylaminc . 

134 

275 

87.3 

(S8)S 

C.HuO, 

Ethyl  benzoate . 

(213) 

270 

(83  5) 

(  4  4)  • 

CtHu 

Mesitylene . * . 

165 

311 

85 . 3 

('•) 

CtHii 

n-Propylben*enc  . 

157 

30i 

84  1 

(••)• 

CtHu 

Pseudocumene . 

(169) 

308 

(83  8) 

(6I)» 

C.H..O, 

Isoamvl  n-bulyratc 

169 

259 

92.7  | 

(••) 

INTERNATIONAL  CRITICAL  TABLES 


38 


C-Tablk. — -(Continued)  , 


Formula 

Name 

1  t,  °c 

l,  at  (° 

LJT 

Lit, 

C*H  uOj 

Isoamyl  isobutyrate. 

I  168 

24  1 

86.5 

(69)* 

C.Hi.Oj 

Isobutyl  ri-valerate. 

169 

213 

86.6 

(69)* 

CjHi.O, 

Isobutyl  isovalerate. 

.  .  1 69 

253 

90 . 5 

(IS) 

C.olb 

Naphthalene . 

.  j  218 

316.0 

82.4 

(6°) 

CioII  i*0 

p-  Anethole . 

232 

299 

87.7 

(51)* 

Cioli  u 

p-Cymene . 

.  .  176 

283 

84.5 

(t6) 

CioHi.O 

Carvacrol . 

.  .  237 

285 

83.9 

(51)* 

CioH  i6 

Limonene . 

165 

291 

90.4 

(68)* 

CioHu 

T  urpentine . 

..  156 

287 

91.1 

(68)* 

CioH  20O2 

Ethyl  caprylate . 

.  .  207 

253 

90.7 

(15) 

C10H20O2 

Isoamyl  n-valerate.  .  . 

187 

235 

88.0 

(69)* 

CioH  22 

n-Decane . 

.  .  160 

252 

82.7 

(46)* 

CioH  22O 

n-Amyl  ether . 

..  070) 

29 1 

(104) 

(26)* 

C11H22O2 

Ethyl  nonylate. 

227 

243 

90.5 

(15) 

SPECIAL  TABLES 

Arthur  Whitmore  Smith 
l,  joule/g;  normal  boiling  points  in  bold-face  type 


H,0  (18,  21,  31, 


34,  42,  56 

,  66,  73) 

t,  °c 

l 

0 

2494 

5 

2482 

10 

2471 

15 

2459 

20 

2448 

25 

2436 

30 

2425 

35 

2413 

40 

2402 

45 

2390 

50 

2379 

55 

2368 

60 

2357 

65 

2345 

70 

2333 

75 

2321 

80 

2309 

85 

2297 

90 

2284 

95 

2271 

100 

2258 

+0.1% 

105 

2244 

110 

2230 

115 

2215 

120 

2200 

Continued  below 

so2 

(I7> 

22,  23, 

57.5 

58, 

71,  80) 

-60 

550(?) 

-10. 

08 

397 

±2% 

-10 

397 

0 

382 

+10 

367 

20 

352 

30 

338 

40 

323 

50 

309 

60 

294 

157 

0.0 

N20  (IN 

55,  57.5, 

58, 

80) 

t,  °c 

1 

-30 

284 

-20 

276 

-10 

263 

0 

246 

+  10 

217 

20 

171 

30 

96 

37 

0 . 0 

NH,  (23 

30,  35, 

64 

) 

-45 

1401 

-40 

1388 

-35 

1373 

-33.  4 

1369 

+  0.2% 

-30 

1359 

-25 

1344 

-20 

1329 

-15 

1313 

-10 

1296 

-  5 

1280 

0 

1262 

Continued  below 

C02  (2-  3 

,  17,  43, 

51.5,  57 

.5,  58, 

80 

) 

-78.5 

577* 

+  2% 

-60 

365 

-50 

349 

-40 

333 

-30 

312 

-20 

288 

-10 

263 

0 

234 

*  For  the  solid. 

Continued  below 

C6H6  (is 

16,  32, 

57,  58,  60, 

69,  73.5, 

79 

0 

447.8 

20 

434.4 

40 

421.4 

CfjH,;. - 

Cont’d ) 

t,  °C 

l 

60 

408.0 

80 

394.2 

80.  2 

394.8 

+0.1% 

100 

379.1 

120 

362.8 

140 

345.7 

160 

328 . 5 

180 

310.1 

200 

286.6 

220 

259.9 

240 

226.4 

260 

183.3 

280 

114.7 

288.5 

0.0 

CH4O  (15,  16,  54, 

57,  58,  75 

,  79,  80) 

Methyl  alcohol 

0 

1190 

20 

1170 

40 

1140 

60 

1110 

64.  7 

1100 

+  2% 

80 

1060 

100 

1010 

120 

950 

140 

890 

160 

810 

180 

730 

200 

620 

220 

460 

240 

0.0 

c2h4o2  (i 

5,  16,  25, 

55,  58) 

Acetic  acid 

20 

365? 

60 

390? 

100 

400? 

118.  3 

405 

±3% 

140 

395 

180 

370 

220 

340 

321 

6.0 

C,HeO  (15,  16,  46, 
55,  57,  58,  75,  79, 
80 ) 

Ethyl  alcohol 


t,  °C 
0 

20 

40 

60 

78.  3 

80 

100 

120 

140 

160 

180 

200 

220 

240 

243 


l 

920 
910 
900 
880 
855 
+  4% 
850 
810 
760 
710 
650 
570 
480 
360 
160 
0.0 


c3h,o.— 

(Cont’d) 

t,  °C 

l 

+  1  % 

100 

683 

120 

637 

140 

593 

160 

537 

180 

484 

200 

426 

220 

355 

240 

264 

260 

139 

261 

0.0 

C3H80  (is,  16,  46, 

57 

) 

Isopropyl  alcohol 

82.  3 

667 

±2% 

238 

0.0 

CCL. — ( Cant’d ) 


CTLO  (58,  77,  79, 


80  ) 

Acetone 


C4H,oO  (is,  16,  41, 
57,  58,  77) 

Ethyl  ether 


0 

564 

20 

552 

40 

536 

56.  1 

521 

+  2% 

60 

517 

80 

495 

100 

472 

235 

0.0 

CnHjO  (15,  16,  58, 
70) 

n-Propvl  alcohol 
0  !  810 


80 

97.  2 


721 

688 


0 

20 

34.  6 

40 

60 

80 

100 

120 

140 

160 

180 

190 


387 

366 

351 

±2% 

346 

326 

303 

282 

257 

228 

186 

125 

0.0 


CCL  (54,  57,  58, 
75,  79) 

0  217.9 

76.75  194.3 


t,  °c 

l 

±0.3% 

80 

193.3 

100 

185.5 

120 

176.8 

140 

167.7 

160 

159.4 

180 

148.7 

200 

137.0 

220 

123.7 

240 

107.4 

260 

84.3 

280 

43.8 

283.1 

0.0 

CHClj  (54,  57,  58, 

75,  79) 

0 

271 

20 

263 

40 

255 

60 

247 

61.  6 

247 

+  1% 

80 

239 

100 

231 

260 

0.0 

CS2  (57, 

58,  79) 

0 

374 

20 

366 

40 

356 

46.  25 

352 

+  0.3% 

60 

344 

80 

331 

100 

316 

120 

300 

140 

282 

273 

0.0 

[TICAL  POINT 

CO,.*— (Cont’d) 

t,  °C 

l 

-35 

308 

-30 

299 

-25 

290 

-20 

280 

-15 

269 

-10 

257 

—  5 

244 

0 

230 

+  5 

214 

10 

195 

15 

174 

20 

147 

25 

112 

30 

50 

31.1 

0 

H,0,  NH, 


AND  C02 

Oscar 


C.  Bridgeman 


t  0 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 


h2o 

=C 


(54) 

l 

2199 

2185 

2170 

2155 

2139 

2123 

2107 

2091 

2074 

2057 

2039 

2021 

2003 


NH,.  —  (Cont’d) 


t,  °C 
0 

+  5 
10 
15 
20 
25 
30 
35 
40 
45 
50 

132.5 


l 

1263 

1245 

1226 

1207 

1187 

1167 

1146 

1124 

1101 

1076 

1051 

0 


NH,  (2  3,  27.5,  34, 
64,  65.7,  78.2) 

-20  1239 

-15  j  1313 

-10  j  1297 

-  5  1280 


CO,*  (19,  36.5, 
57.7,  65.5) 


—  56 

—  55 
-50 

—  45 
-40 


6 


339 

337 

330 

323 

316 


*  This  table  is  based 
primarily  upon  the  data 
of  (37-s)  while  the  table 
given  above  is  in  agree¬ 
ment  with  the  data  of 
(*'•*)  and  the  older 
literature. 
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LITERATURE 

(For  a  key  to  the  periodicals  see  end  of  volume) 

(*)  Andrews,  8 ,  75:  501;  48  (2)  Andrews,  /,  47:  1597;  25  (2,s)  Awbery  and 

Griffiths,  67,  36:  303;  24.  (3)  Behn,  8,  1:  270;  00.  («)  Berthelot,  6,  9: 
174;  76.  («)  Berthelot,  6,  9:  289;  76.  («)  Berthelot,  6 ,  12:  529:  77.  (?) 
Berthelot,  6,  12:  536;  77.  (*)  Berthelot,  6,  15:  185;  78.  (9)  Berthelot,  6’, 

18:  385;  79. 

<»°)  Berthelot,  6,  27:  374;  82.  (»»)  Berthelot  and  Ogier,  34.  92  :  769;  81.  (»2) 

Berthelot  and  Ogif-r,  6,  23:  201;  81  (13)  Berthelot  and  Ogier,  l .  23:  225; 

81  (14)  Berthelot  and  Ogier,  6,  30:  382;  83.  (I5)  Brown,  4.  83  :  987;  03. 

1  •  Brown,  4,  87:  265;  05  1  •  Ca  ,5  >49 

6:  414;  87.  (18)  Carlton-Sutton,  5,  93:  155;  17.  (19)  Chappuis,  6 ,  15: 

498;  88.  09*8)  Dana,  Jenkins,  Burdick  and  Tim,  382,  12  :  387;  26. 

(80  I  >  38:  172  82  21  Dietei  37:  194  89  16 

(22)  Estreicher,  166,  1904:  183.  (23)  I'.str*  icher  and  Schnerr,  166,  1910A: 

344.  (24)  Eucken,  88,  18:  4;  16  (25)  Faucon,  34.  146:  470;  08.  (2«) 

Favre  and  Silbermann,  34,  23:  411;  46  26.5,  Fletcher  and  Tyrer,  4,  103  : 

517;  13.  (27)  de  Forcrand,  34.  136:  1034;  03.  (27*5)  de  Forcrand  and 

L84  *•)  G  ted  in  BS,  p.  1479  J  ' 

Giauque  and  Wiebc,  /,  50:  101;  28.  (29>  Giran,  34,  157:  375;  13. 

(30)  Goodenough  and  Mosher,  86,  No.  66:  13.  (31)  Griffiths,  62,  186:  261;  96. 

(32)  Griffiths  and  Marshall,  3,  41:  1;  96.  (33)  Guntz,  34,  96:  1659;  83. 

(33.5)  Harvey  and  Schuette,  1,  48:  2065;  26.  (34)  Henning,  8,  21:  849; 

06.  29:  441;  09.  58:  759;  19.  (39)  Holst,  168,  No.  144b,  c,  d;  13.  (38) 

Jahn,  7,  11:  787;  93.  (3«-9)  Jenkin  and  Pye,  62,  213A :  67;  13.  (37)  Jenkin 

and  Shorthose,  B67.  (38)  Kahlenberg,  50,  5:  215;  01.  (39)  Kahlenberg, 

60,  5:  284;  01. 


(40>  Kahlenberg  and  Koenig.  60,  12  :  290  ;  08  (4*  Keyes  i  Be  46 

1753;  24  42  Koref,  8, 36: 49  l  l  1 Ku  3 

02.  (44)  Kurbatov,  53,  34:  766;  02.  (4*)  Kurbatov,  63,  35  :  319;  03.  (4* 

Louguinine,  6,  13:  289,  334;  98.  (4  7)  Louguinine,  149,  9:  5;  00  i4* 

Louguinine,  6 ,  26;  228;  02.  (49)  Louguinine,  6,  27 :  105;  02: 

(50)  Louguinine,  42,  2:  1;  04.  (5I)  Louguinine,  42,  3:  640;  05  (*>•*)  Maas® 

and  Barnes,  5,  111:  224;  26  (52)  Mabery  and  Goldstein,  11,  28:  6*.  02 
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HEAT  OF  ADSORPTION 
Abbreviations  and  Units 

A  Total  amount  of  gas  adsorbed  per  g  of  adsorbent,  expressed  in 
cm3  reduced  to  NTI\  unless  otherwise  indicated. 

Q  Total  heat  evolved  by  the  adsorption  of  A,  joules. 


Gases  on  Charcoal 


A,  em'/g 

Q,  joule 

P,  range  mm  Hg 

A  Q/AA 

Coconut  C.  heated  to  550°,  and  out-gassed  at  400°  (d  =  1.86)  (14) 

N 

2,  0°C 

0.258 

0.35e 

0-10.7 

1 ,38i 

2.210 

2.122 

10.7-91 .6 

0.904 

4.169 

3.75i 

91 .6-178.9 

0.83a 

7.237 

6.46s 

178.9-342.2 

0.883 

10.052 

8.934 

342.2-524.4 

0.879 

13.049 

11.589 

524.4-748.9 

0.88? 

NH,,  0°C 

5.407 

11.389 

0-2.9 

2.106 

30.157 

50.877 

2.9-28.8 

1.59  s 

60.394 

96 . 43o 

28 . 8-78 . 7 

1.507 

90 . 290 

140.181 

78.7-161.0 

1 . 46.3 

115.725 

177.652 

161.0-319.2 

1.47s 

127.045 

195.332 

319.2-490.0 

1  565 

132.387 

203.971 

490 . 0-636 . 4 

1.61s 

135.873 

209 . 63s 

636 . 4-746 . 7 

1  628 

A,  em’/g  Q ,  joule  I  P,  range  mm  Hg  A(J  A.4 

Coconut  C,  heated  to  o.’SO0,  and  out-gassed  at  400°  ( d  =  1.86)  (*4) 

C02)  0°C 


2.286 

3 . 30o 

0-2.2 

1.44.3 

11.310 

15.542 

2.2-18.7 

1.357 

22 . 556 

29.916 

18.7-55.1 

1.27s 

33.416 

43.539 

55.1-122. 1 

1  254 

43.904 

56.436 

122.1-229.3 

1 . 23o 

50 . 850 

64  92i 

229.3-337.7 

1.222 

56.937 

(71.69s) 

337.7-471 .3 

(1.114 

61 .639 

77.34s 

471 .3-605.5 

1.199 

65.112 

81.467 

605 . 5-730 . 9 

1.187 

Active  coconut  C, 

out -gassed  at  350°  ( 1 1 ) 

CC 

’14,  0°C 

23.56 

70 . 6 

0-  <  <  4 

2.9» 

39 . 50 

111.4 

<  <  4-  <  4 

2.5e 

60.94 

174.6 

<  4—1 

2.9s 

78.32 

215.8 

4-10 

2.3« 

CSt)  0°C 

23  91 

58 . 3 

0-<  <  3 

2.4* 

48  40 

111.8 

<  <  3-  <  <  3 

2.1s 

70.02 

157  s 

<  <  3-<  3 

2.  li 

97.94 

215  2 

<  3-3 

2.0t 

127  67 

273.7 

3-12 

1.07 

153.19 

321 . 7 

12—10 

1  8k 

140 
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Gases  on  Charcoal. — (Continued) 

A,  cins/g 

Q,  joule 

P,  range  mm  Ilg 

1  AQ/AA 

Active  coconut  C, 

out-gassed  at  350°  (J  *) 

CHClj,  0°C 

22 . 30 

62 . 4 

0-<  <  7 

2.80 

45.  -19 

123.1 

<  <  7-  <  7 

2.62 

78 .  36 

204 . 4 

<  7-7 

2.47 

107.10 

|  274.2 

7 

2.4.3 

CH 

OH,  0°C 

21.67 

56 .  o 

0-  <  <  13 

2 . 5a 

47.42 

115.7 

<  <  13—  <  <  13 

2.32 

75 . 27 

1 79 .  o 

<  <  13- <  13 

2.27 

103.27 

240 . 4 

<  13-13 

2. 19.3 

127.40 

293 . 3 

13-18 

2. 192 

C.H.CI,  0°C 

29.10 

67.2 

0-<  <  15 

2.3i 

42 . 66 

96.3 

<  <  15—  <  <  15 

2.15 

67.01 

145 . 6 

<  <  15- <  15 

2.02 

102.81 

214.3 

<  15-15 

1.92 

124.80 

255 . 4 

15-52 

1.87 

C2H5Br,  0°C 

48 . 90 

124.9 

0-<  10 

2.5e 

91.73 

219.9 

<  10-10 

2 . 22 

120.48 

281.0 

10-37 

2.13 

C2IIJ,  0°C 

34.42 

90.9 

0-<  2 

2.64 

67.52 

173.3 

<  2-2 

2.4a 

99.17 

251.0 

2-5 

2 . 4e 

124.72 

310.2 

5-39 

2.32 

C2II6OH,  o°c 

4.59 

15.1s 

0 

3.3o 

8.40 

26.24 

2.9i 

14.23 

42 . 64 

2.8i 

27.83 

79.9s 

2.75 

46.91 

129.8 

2.6i 

iico2c2h6,  o°c 

32.30 

91.9 

0-<  <  10 

2.85 

62 . 88 

168.5 

<  <  10- <  10 

2.5o 

96 . 73 

249.8 

<  10-10 

2.4o 

120.15 

305. 5 

10-35 

2.3s 

(C2H6)20,  o°c 

18.10 

56.o 

0-<  <  <  10 

3.1o 

37.68 

109.1 

<  <  <  10- <  <  10 

2 . 7 1 

58 . 07 

163.5 

<  <  10- <  10 

2.67 

86.77 

225 . 1 

<  10-10 

2.15 

99.34 

253.7 

10-63 

2.2s 

CoH3,  0°C 

28.37 

8O.2 

0-<  2 

2.83 

54.70 

150.2 

<2-2 

2. 64  9 

81.03 

219.9 

2-3 

2 . 647 

102.04 

273.3 

3-13 

2.54 

Inactive  coconut  C,  out-gassed  at  350°  (t 1 

CC1.„  0°C 

24.33 

68.6 

0-<  21 

2.82 

36.27 

94.4 

<  21-21 

2.16 

CII3OH,  o°c 

32.65 

83.5 

0-<  2 

2 . 56 

60.95 

149.0 

<  2-2 

2.32 

88.35 

211.0 

2-4 

2.26 

117.09 

274.7 

4-14 

2.22 

C6H6,  o°c 

18.48 

55 . 9 

0-<  4 

3.02 

36.28 

106.5 

<  4-4 

2.84 

47.93 

138.8 

4-9 

2.77 

A,  cm3/g 

Q,  joule 

P,  range  mm  Hg 

AQ/AA 

SO  2  on  blood  C 

(puriss.  Merck)  out -gassed  at  450°C  ( d  =  1.63) 
measurements  at  —  10°C  (16) 

21.4 

41.9 

0-1.0 

1.95e 

54.2 

97.3 

1 . 0-3 . 6 

1 . 69i 

87 . 4 

151.3 

3 . 6-9 . 2 

1 . 62  c> 

123.5 

205.2 

9.2-16.4 

1.492 

159.2 

256.7 

16.4-(31 . 1) 

1.445 

193.8 

304. 0 

(31 .  l)-45 . 0 

1 .366 

226 . 5 

353.4 

45.0-(71 .8) 

1.51o 

256.8 

398.3 

(71 .8)— (103 . 2) 

1 . 48.3 

283.2 

437.2 

(103 . 2)-136 .4 

1.472 

323.4 

493 . 9 

136.4— (246.3) 

1.41i 

352 . 1 

533.3 

(246 .3)-397 .3 

1 . 37 1 

369.7 

556 . 4 

397.3-533.0 

1.315 

386.4 

575.2 

533.0- (653. 2) 

1.125 

409.9 

600 . 4 

(653.2)-720.5 

1.07a 

439.9 

631.6 

720.5-755.0 

1.039 

466.3 

659.5 

755 . 0-764 . 0 

1 . 059 

C  from  the  wood  of  Evonymus  europaeus,  out-gassed  at  red  heat  (3) 

Air,  0°C 


7.44 

3.37 

0—705 

0.453 

CH3CI,  0°C 

32.17 

65.47 

0-3.77 

2.035 

62 . 16 

124.5 

3.77-147.81 

1.96s 

72.31 

144.8 

147.81-675.4 

1.997 

Active  C  de-ashed  and  out-gassed  at  900°C 

(8) 

0 

2,  0°C 

0.403 

5.23 

12.9s 

0.806 

8.87 

90s 

2.24 

12.5e 

2.57 

5.17 

15.4s 

l.Oo 

10.19 

19.96 

O.89 

H20,  o°c* 

0.921 

32.89 

35 . 7 

2.710 

112.37 

44.4 

4.56 

194.27 

44 . 3 

6.42 

275.7i 

43.8 

C 

»,  0°c 

0.31 

1  .So 

5.8i 

0.74 

3.77 

4.5s 

5.52 

27.7o 

5.02 

nii3,  o°c 

3.70 

9.37 

2 . 53 

14.92 

26. li 

1 .5i 

24.75 

40.93 

1  5i 

34.45 

55 . 03 

1.45 

C02,  0°C 

3.80 

5 . 69 

1 . 5o 

12.04 

16.15 

1.27 

31  06 

40.47 

1.2s 

(C..Hs)20,  o°c 

6.92 

21.93 

3.17 

14.04 

42.39 

2.87 

22.21 

63.15 

2.54 

29.93 

82.4s 

2.5o 

37.04 

94. 4i 

1 .68 

47.36 

107.6 

1.2s 

CCI3NO2,  Chloropicrin,  0°C* 

0.307 

20.84 

67.9 

0.672 

42.48 

59.3 

1.012 

59 . 89 

51.2 

*  A  in  millimoles  per  gram. 
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A,  cm-1  g 

Q,  joule 

/',  range  mm  Hg 

AQ/AA 

Activated  C  dried  at  150 

'  and  out-gassed  at  100°  (15) 

O 

t,  o°c 

4.39 

3.22 

0-370 

0  733 

8.54 

6.13 

3 1 0-802 

0.702 

CO,  0°C 

4.84 

4.01 

0-233 

1 

0.83 

9.40 

7.60 

233 . 1-540 

1 

0.79 

CH«,  0°;  P  corr. 

"or  N2  (10%)  present 

4.71 

4 . 6 1 

0-63.0 

0.9s 

9.23 

8.95 

63.0-169 

2 

0.9e 

13.57 

12. 8i 

169.2-320 

3 

0.89 

17.72 

16.27 

320.3-517 

0 

0.8s 

02  on  “Norit”  out -gassed  at  900°C  (2) 


°c 

A 

Q 

P,  range 

Q/A 

15 

0.216 

2.59 

0- 

12.o 

200  f 

0.302 

6.43 

0-2 

21.3 

310 

0.158 

5.07 

0-2.7 

32.1 

450 

0.133 

5 . 55 

0-3.4 

41 . 7 

t  Above  200°  CO*  is  formed  and  a  correction  has  been  applied  for  this  heat  of 
reaction. 


Various  gases  on  coconut  C  at  —  185°C;  A  is  cm3  of  gas  adsorbed 
per  cm3  (0.5-1  g)  of  charcoal  from  0  to  ca.  760  mm  (4) 


Gas 

A 

Q 

Q  .1 

A. 

175 

104.6 

0  598 

He.  . 

15 

8.37 

0 . 558 

02 . 

230 

142.3 

0.619 

h2 . 

135 

38.9 

0.28s 

n2 . 

155 

106.7 

0.68s 

CO . 

190 

115.1 

0.60e 

2H2  02 . 

150 

71 . 1 

0.474 

2CO  +  02 . 

195 

144.4 

O 

<1 

0 

Gases  on  various  kinds  of  charcoal  at  room  temperature  and 
from  0  to  ca.  760  mm;  A  and  Q  vary  with  the  nature  of  the  char¬ 
coal  but  the  ratio  is  approx,  constant  (5) 

[  II  Cl  |  HBr  1~  HI  N«Q 

Q/A  T  0429  |  0.692_ 0  984_ 0.33-2 


Gases  on  Metals 
H2  on  Ni  catalysts  at  0°  (7) 


A,  cm3 
Catalyst  I. 
hr  and  out 
0 . 0396 
0.0772 
0.114 
0  180 
0 . 260 
0 . 795 
Catalyst  II. 

0.0315 
0.0612 
0.0918 
0.1211 
0 . 2082 
0  2453 
0.332 
0.722 

Catalyst  III. 

0.082 

0.619 

0.874 


Q 


aQ/aA 


Prepared  by  heating  NiCOj  at  300—320"  for  120 
•gassing  at  300°;  adsorbs  0.9  cm3  H2  per  g  at  A  TP 
0.1895  4.77 

0.308s  3.1s 

0.4184  2.93 

0.5949  2.6s 

0.7936  2.49 

2 . 0296  2  34 

Reduced  for  60  hr;  contained  13.5%  Th02;  adsorbs 
0.72  cm3  H,  per  g  at  A  TP 

0.0804  2.56 

0.232s  5 . 1 i 

0.4187  6. 0s 

0.583-2  5 .57 

1.014s  4.95 

1.1646  4  Oi 

1.358i 
2.1933 

C02  on  Ni  catalyst  at  0°  (7) 

Reduced  from  the  oxide  for  260  hr  at  300-320°; 
contained  4%  Ce20> 

0.27i  3.2» 

1.04  1  43 

124  i  0 . 789  


2.23 

2.14 


H2  on  Ni  and  Cu  at  room  temperature.  The  Il2  contained  an 
unknown  but  negligible  amount  of  N2  (•  i 


A,  cm3 

Q 

/',  range 

aQ  1  aA 

On  Ni  reduced  from  NiO  at  300 

;  results  are  greatly  affected  by 

previous  treatment  of  the  Ni 

0.403 

0  99s 

0-2.7 

2  4s 

0 . 865 

2 . 08n 

2 . 7-8 . 7 

2.3.1 

1 . 123 

2 . 792 

8 . 7-703 . 4 

2.73 

On  Cu  reduced  from  Cut)  by  112  at  145" 

0.438 

0.786 

0-760 

1  79.3 

Gases 

on  Ni  at  0°  and  from  0  to  760  mm  (6 

H 

Out -gassed 
at  t,  °C 

A 

Q/A 

304 

5.2 

15 . 7o 

3.03 

240 

3.7 

10.9s 

2.97 

196 

2.9 

8 . 5o 

2 . 95 

145 

2.1 

5.49 

2.6i 

120 

1.8 

4.2s 

2.3s 

90 

1.5 

3.2  2 

2.15 

0 

0.54 

1 . 1 6 

2  15 

Gas 

.4 

Q 

Q/A 

c2h, 

0.88 

1 .04 

1  18 

c2h. 

0.75 

0  78 

1.05 

II2  and  02  on  Pt -black  at  0°  and  from  0  to  760 

mm  (12  ;  for  H2 

on  I’t-black  carefully  freed  from  02,  .4  =  0.87  cm 

3  and  AQ /A. 4  = 

2.58;  for  ()2  the  values  of  Q/A  vary  from  6  to  18  joule/cm3.  The 

authors  consider  6.6  as  the  best  value. 

Gases  on  Si02  and  on  Meerschaum 


On  meerschaum  ( d  =  2.761  (3) 

A 

Q 

P,  range 

AC./A.4 

S02,  0° 

24.24 

46.8-2 

0-98.9 

1.93-2 

46.14 

74.13 

98.9-377.1 

1 .247 

67.75 

96.99 

377.1-687.4 

1 ,05s 

Nil,,  0° 

24  23 

92.95 

0-0 

3  84 

48.26 

150.07 

0-5 

2.3s 

72.29 

20 1 . 1 1 

5-37.1 

2.12 

95.26 

239.6i 

29.3-214.96 

1  6s 

116.74 

270 . 22 

214.96-575.6 

1.42 

CH,C1,  0° 

20.96 

41.07 

0-34.9 

1.959 

39.59 

66.78 

34.9-484.9 

1  38o 

41.72 

69  67 

484.9-561 .9 

1  35s 

On  Si02  gel  dried  at  300°  for 

2  hr  and  out -gassed  at  250°;  con- 

tained  3. 5-5. 5%  HjO  (,3) 

.4 

Q 

P,  range 

Ay/A.4 

so„  0° 

19.80 

41 .85 

0-4.2 

2.11s 

32.42 

64.87 

4.2-118 

1  824 

56  43 

108. 0 

11.8-40.1 

1  79« 

80.71 

145.6 

40  1-102  5 

1.54# 

123.1 

211.8 

102  5-388  8 

1  562 

142.3 

233  5 

388.8-611  2 

1. 13o 

HjO  on  the  same  gel,  0°;  A  in  millimoles 

1.826 

113.0 

0-0.3 

61  8b 

6.361 

349.0 

0.3-0. 8 

52  O4 

12.85 

657 . 0 

0  8-2  1 

47  4« 

15.35 

771 . 7 

2  1-3  4 

4?>  8s 

19  94 

975.1 

3  4-4  6 

44  3t 
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From  Aqueous  Solutions 

Crystal  violet  on  wetted  blood  charcoal  (Merck)  at  room  temp.; 
A  in  millimoles  (9) 


A 

Q 

1 

AQ/ AA 

0.31 

0  42 

13.4> 

14 . 0.3 

43.3 

5.55 

Salts  on  wetted 

blood  charcoal  (Merck) 
millimoles  (10) 

at 

room  temp.;  A  in 

Salt 

^4 

Q 

Q/A 

LiNOj. . 
NaN03. 
CsN03. 


LiN03. 
KN03. 
Cs  N  O  3 . 


On  Charcoal  I.  Heat  of  wetting  =  25.11  J 


,|  0 

214 

5 

36 

25 

0 

0 

270 

7 

1  L 

26 

4 

. 1  0 

354 

12. 

0  5 

34 

1 

■oal  II. 

Heat  of 

wetting 

=  35.1 

5  J 

.1  0 

202 

7. 

53 

37 

2 

0 

24s 

10. 

SO 

43 

5 

0 

33e 

16. 

49 

49 

0 
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HEAT  OF  WETTING 

Except  as  otherwise  indicated  the  values  given  represent  heat  of 
complete  wetting,  Q,  in  joules  per  g  of  the  dry  material. 


Index. — The  numbers  are  table  numbers  except  those  in  (  ) 

which  are  literature  references  ( v .  p.  143). 


Liquid 

I  Fibers 

Soils 

Colloids 

PbS04 

11,0 . 

6  (!2, 

I  6>  7> 

1  10,  11 

18 

20,  28, 

00 

to 

0 

34) 

11,15,26, 

30,  35) 

Char- 

Clays 

Starch, 

Si02 

and 

cellu- 

earths 

lose,  etc. 

HA) . 

1,  2,  6, 

1,  3,  4, 

1,  2,  11, 

1,  6,  8, 

12  to  16 

5,  6,  11, 

13 

9 

12 

CS2,  Carbon  disulfide . 

1,  2,  15 

1 

1,  2 

1 

CCh,  Carbon  tetrachloride 

1,  2 

1,  3 

1,  2 

1 

O2CI4,  Tetrachloroacety- 

lene . 

15 

CHCI3,  Chloroform . 

1,  2 

1,  7 

1,  2 

1 

Hydrocarbons 

CtHio,  A  my  lene . 

2 

CJL2,  Pentane . 

1 

1 

1 

1 

Colic,  Benzene . 

1,  2,  15, 

1,  3,  4 

1, 2 

1 

16 

C«Hio,  Cyclohexene . 

2 

C6H|2,  Hexamethylene .  .  .  . 

2 

2 

C6Hm,  Hexane . 

1, 2 

1 

1, 2 

1 

Crllg,  Toluene . 

4,  7 

CioHis,  Pinene . 

2 

2 

Alcohols 

CH3OH,  Methyl . 

1,  2,  15 

1 

1, 2 

1 

C2H5OH,  Ethyl . 

1,  2,  15 

1,  3 

1, 2 

1 

C3H7OH.  Propyl . 

1 

1 

1 

1 

CsHnOH,  Amvl . 

1,  2 

1,  7 

1, 2 

1 

CJLCH.OH,  Benzyl . 

1 

1 

1 

1 

Liquid 

Char¬ 

coal 

Si02 

Clays 

j  Starch 

Ethers,  esters,  ketones,  acids 

(  h 1 1  bO,  Acetone . 

1,  2 

1 

1,  2 

1 

C4ILO2,  Ethyl  acetate . 

2 

2 

C4H10O,  Ether . 

1,  15 

1,  7 

1,  2 

1 

Fatty  acids . 

1 

1 

1 

1 

Naphthenic  acids . 

2 

N  compounds 

C JIsN,  Pyridine . 

4,7 

C6H6NH2,  Aniline . 

3 

2 

CeHgNCL,  Nitrobenzene. . . 

4 

Miscellaneous 

Cu 

Petroleum  products . 

2 

2 

17 

Vegetable  oils . 

17 

Table  1. — Powders  Dried  at  100° 
Experiments  at  12-13°  (14) 


Liquid 


Clay 


Amorpli. 

silica 


Starch 


Sugar 

charcoal 


H,<> . 

52.7 

64.0 

85.4 

16.3 

CH3OH . 

46.0 

64.0 

23.4 

48.1 

C2H6OH . 

45.2 

61.5 

20.5 

28.9 

C3H7OH . 

42.7 

56.5 

29.3 

23.4 

CbH.,011 . 

42.3 

56 . 5 

13.0 

15.5 

C6HsCH2OII . 

38.9 

56.5 

17.6 

15.5 

HCOOH . 

50.2 

60.7 

33 . 5-4 1  8 

50.2  4 

CH3COOH . 

38.9 

56.5 

12.6—16.7 

25.1 

CrJLCOOH . 

32.6 

56.5 

12  6—16.7 

25.1 

CH3COCH3 . 

33.5 

56.5 

8.4 

15.1 

C II  Cl  3 . 

37.7 

33.5 

8.4 

9.6 

C2Hf,OC2H6 . 

24.3 

35.2 

9.2 

5.0 

(ML, . 

24.3 

33.9 

5.0 

17.6 

CCL . 

7.5 

33.9 

7.1 

6.3 

CS2 . 

7. 1 

15.1 

2.1 

16.7 

Cel  1 1 4 . 

5.0 

13.0 

1.26 

1.67 

Table  2  (i?) 


Liquid 

Clay 

“  Floridin  ” 

1 

Bone 

charcoal 

Amylene . ( 

329.8 

239.0 

H20 . 

126.0 

77 . 4 

Cvclohexene . 

117.6 

CH3COCH3 . 

114.2 

80.8 

Pinene . j 

86.2 

72.0 

CH,OH . 

115.5 

91.2 

73.7 

ch,co2c2h6 . 

77 . 4 

69.1 

C2H6OH . 

102.5 

72.0 

69.1 

(MLNIL . 

56.1 

C6H„OH . 

85.4 

45 . 6 

44.4 

(MLOCML . 

43.9 

CHCL . 

65.7 

35.2 

58 . 6 

CbH6 . 

45.2 

23.4 

46 . 5 

CCL . 

41.4 

19.3 

35.2 

CS2 . 

39.3 

17.6 

58.2 

Hexamethylene . 

17.6 

38.5 

CcII.4 . 

30.1 

16.3 

37.2 

Petroleum  f  B.  P.,  220-225° . 

22.2 

56. 1 

fractions*  B.  P.,  150-155° . 

18.8 

49.4 

Gasoline,  B.  P.,  80-85° . 

17.6 

39.8 

[  Mol.  wt.,  405. 

59.4 

Naphthenic  <  Mol.  wt.,  298 

. 

56 . 5 

acidsf  Mol.  wt.,  221 

... 

53 . 6 

*  Treated  with  fuming  HjSO,  to  remove  unsaturated  and 

aromatic  hydro- 

carbons,  t  Diluted  with  20  vol.  %  of  gasoline  to  decrease  viscosity. 
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Table  Z 

i  (31) 

Table  4. — Si02  Out-gassed  at 
Red  Heat  (25) 

Si<), 

Mean  diam.,  cm 

Liquid 

1  sel 

Liquid  |- 

X  10"4  9.6  X  10-" 

HjO . 

...  80.4 

HjO . 

57 .8  28 . 9 

CjHsOH . 

... 1  94.7 

C.ILNOj . 

46.2  26.2 

C.H, . 

46.6 

C.IIsCH, . 

35.6  20.3 

CC1, 

35  2 

C,H« . 

17.1  17.1 

c,h,nh2.  .  . 

.  ...  73.4 

C„H6N . 

50.8  20.8 

TABLE  5. - SiOs  WITH  H20  (29) 


Specimen  Si02 

Q  at  7° 

Diam., 

cm  X  10-4 

Joule /m 2 

Si02  (glass  wool) . 

3.85 

17  5 

46.0 

Si02  (fine  gray  sand) . 

0.9S 

100. 

41.8 

Si()2  1  (precipitated) . 

47.3 

2.5 

43.5 

5101  11  (precipitati'd). .  .  . 

5102  II  (precipitated).. .  . 

30.1 

31.6  (Q  at  24°) 

4.0 

43.9 

Heat  of  Complete  Wetting  per  g  Dry  Material  (Q.) 
Powders  containing  varying  initial  amounts  of  hygroscopic 
moisture,  i  =  mg  H20  per  g  dry  powder. 


Table  6. — With  H20 


Powder 

i 

Qi  1 

i  1  Q, 

Cellulose  (22>  23);  dried  in  vacuo 

14 

33. 9o 

74 

10.89 

at  116° 

41 

19.67 

261 

4.6i 

54 

16.74 

Animal  charcoal  at  0°  (22»23). 

0 

87. 5i 

563 

13.06 

49 

73. 9 1 

659 

6. 6e 

90 

64. 2o 

718 

4.5e 

218 

49.34 

753 

1 . 2i 

350 

33.07 

930 

0 

437 

25.32 

Si02  gel  at  0°  (4) . 

23 

77.5a 

275 

22.57 

57 

50.93 

399 

15.4s 

87 

38. 5o 

565 

6.95 

129 

32.U 

769 

O.80 

188 

27. 2o 

Wood  fiber  (lz) 


Table 

;  11. — Colloids  with  1I2()  (9) 

Colloid 

Q 

Colloid 

Q 

A1(0H  ,  . 

89 . 6 

Silica  gel 

101.5 

Fe(OH), . 

39.3 

Fuller’s  earth.  . 

88.9 

Quartz . 

1.88 

Table  12. — Silica 

and  Animal  Charcoal,  with 

Water  (13 

Q 


Silica  (dried  at  200°) .  55  41 

Chareoal  (puriss.) . . ;)‘l  ■’•l 

Table  13. — With  HA)  (18>  19) 


Coconut  charcoal  (out-gassed)  ...43.9  Bone  chareoal  7<  4 

Coconut  charcoal  (containing  0.04  Fuller’s  earth.  134 


g  H20) . 

.  .114.6 

Table  14. — 
Graphite  preheated  in  vacuo.  Q 

With  H20 

1  =  2.85  joule/g  (27). 

Table  15. — “Bayeii’ 

’  Charcoal  at  Room  Temperature  (2) 

Liquid 

Q 

Liquid 

Q 

CjHiOCjHj . | 

118.4 

CHjOH . 

126.4 

Cells . 

123.0 

c2cl . 

137.3 

cs2 . 

CjHeOH . 

125.6 

118.9 

HjO . 

51.5* 

*  With  0.66  cm*  HsO  per  k.  Possibly  incomplete  wetting. 

Table  16. — Various  Charcoals  with  I120  and  ('ells 
The  activity,  a,  is  taken  as  proportional  to  the  adsorptive  power 


for  H2  (21).  d  is  approximate. 


a  d 

h2o 

CeHe  a 

d 

HjO 

Cell, 

10  1 

20.9 

25.1  II  75 

1.87 

154.8 

209.0 

20 

41.8 

54.4  90 

188.3 

251.1 

25  !  1.45 

50.2 

71.1  98 

2.00 

205.1 

272 . 0 

50  1 

104.6 

138.1  100 

209 . 0 

280 . 4 

Table  17. — Cu  with  Oils 

All  samples  (except  kerosene)  diluted  1 : 2  with  C«H«,  Q  for  (  <1U 

taken  as  0  (3)  


( HI  Q  Oil _ I  Q 


Castor  oil . 

0.51 

|  Paraffin  oil . 

0.16 

0.58 

Kerosene . 

0  24 

Lubricating  oil,  distillate 

0.60 

Kerosene  +  1  %  oleic 

Lubricating  oil,  refined.  . 

0.26 

|  acid . 

0 . 89 

For  temperature  rise  on  wetting  charcoal  with  oils,  v.  (3-5). 


Table  7. — Si02  Gel  with  Various  Liquids  (4) 


Liquids 

1 

Qi 

Liquids 

Til 

Qi 

C.HeCII, . 7 

23 

32 . 7.3 

C,H„OH . 

•1  17 

51 .35 

(TICK . 

13 

32 . 52 

C2IIeOC2H6..  . 

•  31 

68.59 

CelleN . 

18 

6O.O5 

CjHeOCjH*... 

.  276 

37.04 

CeHnOH . 

.!  27 

55.8? 

Table  8.— Starch  with  H20  at  0°  (Heat  of  Swelling) 
The  starch  has  been  dried  for  21  days  in  partial  vacuum  above 
HjSOt,  Q  =  110.5  joule/g  (32). _ 


Table  9. — Dextrin  with  II20 
Q  =  67.6  joule/g  (33).  _ 


Table  10. — Heat  of  Swelling  and  of  Solution,  per  g 
Material  (36)  _ 


Material 

Amount 

+  HtO 

Q 

Gelatin 

t  -  42.5° . 

1  K 

5  K 

+13.0 

t  -  42.5° . 

1  g  +  100%  h2o 

4  g 

—  4.18 

t  -  34.3° . 

1  g  +  200%  HjO 

3  g 

-  4.18 

t  =  25° . 

1  g  +  300%  11,0 

2g 

0 

1  K 

5  g 

+37.6 

Gum  arabic . 

1  g  +  50%  HiO 

2  g 

-  2.5 

Gum  tragacanth 

1  K 

5  g 

+43.1 

Table  18. — PbSO<  with  Its  Saturated  Aqueous  Solution 

For  total  surface  of  5840  to  32  400  cm-  g,  Q  =  0  (24V _ 
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THERMAL  EFFECTS  ACCOMPANYING  PRESSURE  CHANGES  IN  HOMOGENEOUS 
SYSTEMS  (JOULE-THOMSON  AND  RELATED  EFFECTS) 

J.  R.  Roebuck 


Contents 
Joule-Thomson  effect. 

Inversion  temperature. 

Heat  of  adiabatic  compression. 

Heat  of  isothermal  compression. 

Heat  of  extension  of  metals. 


Mat  ie  res 
Effet  Joule-Thomson. 
Temperature  d’inversion. 

Chaleur  de  compression  adia- 
batique. 

Chaleur  de  compression  isother- 
mique. 

Chaleur  d’extension  des  metaux. 


Inhaltsverzeichnis 
Joule-Thomson  Effekt. 
Inversionstemperatur. 


Warme  bei  adiabatischer  Kom- 

Ko  op¬ 


pression. 

Warme  bei  isothermer 


pression. 

Dehnungswarme  der  Metalle. 


JOULE-THOMSON  EFFECT  M  h  =  U  +  pv 

A-Table,  Elementary  Substances  and  Atmospheric  Air 


Indice  pAOE 

Effetto  Joule-Thomson ....  144 
Temperatura  di  inver- 

sione .  14b 

Calore  di  compressione 

adiabatica .  146 

Calore  di  compressione  iso- 

termica .  147 

Calore  di  estensione  dei 
metalli .  147 


Values  of  n  in  °C/atm.  f11) 


°c 

0 

20 

40 

60 

80 

100 

h2 . 

-0.013 

0.018 

0 . 023 

0.028 

0.033 

-0.039 

He . 

V. 

,7) 

n2 . 

+0.333 

0.291 

0.250 

0.215 

0.187 

+0.159 

02 . 

+0.366 

0 . 328 

0.289 

0.255 

0.224 

+0.193 

Air,  values  of  103a  and  105b  in  the  equation,  ^  =  a  —  bp,  for  p 
in  kg/cm2,  and  a  in  °C/kg  cm-2  (14) 


°c 

-55 

-34 

-0.6 

+49.2 

99.5 

149.7 

199.3 

249.9 

103a 

448 

375 

272 

197 

138 

84 

52 

18 

106b 

176 

129 

81 

56 

36 

18 

13 

10 

Air,  values  of  10V,  unit,  °C/atm.  (20);  cf.  (9) 


p,  atm. 

0°  | 

50° 

100° 

150° 

200° 

250° 

280°C 

1 

266 

189 

133 

93 

62.5 

40.2 

29.7 

20 

249 

178 

124 

86 

56.4 

34.6 

24.6 

60 

214 

153 

106 

71 

44.7 

25.1 

16. 1 

100 

178 

128 

89 

59 

34.7 

16.4 

7.8 

140 

145 

105 

72 

46 . 7 

25  8 

9.3 

+  1.1 

180 

113 

83 

58 

36.6 

18.5 

+2.7 

-  5.4 

220 

81 

63 

45 

28.6 

12.7 

-2.0 

-11.0 

!S-Table,  Chemical  Compounds 
C02,  unit,  °C/atm.  (2) 


Temp.,  °K 


10 


20 


Pressure  in  atmospheres 

40 


60 


72.9 


80 


100 


400.0 

390.0 

380.0 

370.0 

360.0 

350.0 


0 . 6475 
0.6755 
0 . 7080 
0.7415 
0 . 7790 
0.8195 


0 . 6440 
0.6725 
0 . 7045 
0 . 7335 
0.7750 
0.8150 


Vapor  phase  above  line 


0.6210 
0 . 6485 
0 . 6780 
0.7100 
0 . 7455 
0.7850 


0 . 5950 
0.6200 
0 . 6475 
0 . 6775 
0.7110 
0 . 7500 


0 . 5375 
0 . 5595 
0 . 5835 
0.6160 
0 . 6420 
0 . 6780 


0 . 4790 
0 . 4965 
0.5165 
0  5405 
0 . 5685 
0  6020 


0.4410 

0.4560 

0.4742 

0.4952 

0.5200 

0.5500 


0 . 4225 
0 . 3850 
0 . 4505 
0 . 4705 
0 . 4930 
0.5210 


0 . 3635 
0 . 3235 
0 . 3855 
0 . 3995 
0.4155 
0.4340 


*3? 
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COj. — ( Continued ) 


Pressure  in  atmospheres 


Temp.,  K 

0 

1 

10 

20 

40 

60  | 

72.9 

SO 

100 

340.0 

0  8640 

0 . 8595 

0.8290 

0 . 7950 

0.7205 

0.5425 

0 . 5872 

0  5550 

0.4500 

330.0 

0.9140 

0.9095 

0.8795 

0.8450 

0.7720 

0 . 6925 

0.6331 

0 . 5945 

0.4490 

325 . 0 

0 . 9425 

0 . 9375 

0.9075 

0.8745 

0.8025 

0.7230 

0  6605 

0.6165 

0 . 4220 

320.0 

0.9710 

0 . 9665 

0 . 9380 

0 . 9050 

0.8360 

0.7570 

0.6900 

0.6380 

0  3570 

315.0 

1 .0020 

0 . 9985 

0.9705 

0 . 9395 

0 . 8735 

0 . 7970 

0 . 7223 

0 . 6500 

0.2210 

310.0 

1 . 0360 

1 . 0320 

1 .0055 

0 . 9765 

0.9160 

0.8435 

0 . 7 554 

0.6100 

0  15S5 

305.0 

1.0710 

1 .0675 

1 .0445 

1.0155 

0 . 9640 

0 . 9000 

0.7468 

0.2690 

0. 1270 

304  1 

1 .0775 

1 . 0740 

1 . 0505 

1.0240 

0 . 9735 

0.9100 

0 . 6050 

0 . 2420 

0. 1215 

300 . 0 

1 . 1070 

1 . 1045 

1.0840 

1 .0600 

1.0175 

0 . 9675 

0.2147 

0.1650 

0.1005 

295  0 

1.1480 

1.1455 

1.1270 

1 . 1090 

1.0805 

0.1 990 

0.1324 

0.1134 

0.0794 

290.0 

1.1920 

1.1900 

1.1750 

1 . 1635 

1.1525 

0.1156 

0 . 9999 

0.0815 

0.0619 

285  0 

1 . 2395 

1 . 2385 

1 . 2280 

1.2245 

1.2400 

0.0761 

0 . 06355 

0 . 0586 

0  0478 

280.0 

1 . 2900 

1.2900 

1 . 2845 

1.2915 

1 . 3470 

0.0515 

o  0464 

0.0425 

0  0364 

275.0 

1 . 3455 

1 . 3455 

1.3470 

1 . 3645 

0.0414 

0 . 0355 

0.0324 

0.0309 

0  0275 

270  0 

1 . 4050 

1.4060 

1.4155 

1.4455 

0.0274 

0.0246 

0 . 0228 

0.0221 

0.0202 

260.0 

1 . 5375 

1 . 5405 

1.5735 

1 . 6375 

0.0106 

0.0101 

0.00973 

0.0096 

0.0090 

250  0 

1 . 6885 

1 . 6954 

1 . 7570 

0.0,735 

0.0,733 

0.0)731 

0 . 0,730 

0.0,729 

0 . 0,727 

240.0 

1.860 

1.870 

1.974 

—  0 . 00723 

-0.00742 

-0.00761 

()  00774 

—  0 . 00781 

-0.00801 

230  0 

2.060 

2.070 

-0.0168 

-0.0171 

-0.0177 

-0.0183 

-0.0187 

-0.0190 

—  0 . 0195 

220.0 

2 . 2855 

2 . 3035 

-0.0294 

-0.0304 

-0.0323 

-0.0341 

-0.0353 

-0.0359 

-0.0375 

Liquid  phase  below  line 


Mr- 

Ml  ■ 

T. 
V  ■ 
M»- 
Ml- 


r . 
v 

M- 


1 

(193.5) 

(3.055) 

(?) 

6 

216.2 

2.510 

-0.0346 

10 

233.4 

2.135 

-0.0083 

15 

245.05 

1.922 

-0.0031 

20 

254.1 
1.773 
+0 . 0046 

30 

268.15 

1.545 

0.0245 

40 

279.0 

1.371 

0.0575 

50 

288.0 

1.211 

0.1182 

60 

295 . 7 

1 .043 

0 . 2225 

05 

299.15 

0 . 937 

0 . 2985 

70 

302.35 

0.801 

0.418 

72.9 

304.1 

0  6050 
0 . 6050 

216.9 

5.15 

2.475 

-0.3375 

220.0 

5.95 

2.410 

-0.0290 

230.0 

8.8 

2.200 

-0.0167 

240.0 

12.65 

2.020 

-0.0074 

250.0 

17.6 

1.841 

+0.0007 

260.0 

23.9 

1.675 

0.0115 

270.0 

31.55 

1.515 

0 . 0285 

280.0 

41.0 

1.354 

0 . 0625 

285.0 

41.0 

1.354 

0 . 0938 

290 . 0 
52.55 
1.174 
0.1386 

295.0 

59.0 

0.961 

0 . 2095 

300 . 0 

61 . 3 
0.914 

0  3235 

Values  below  correspond  to  regions  of  rapid  rates  of  change  of  m  along  isotherm- 


220.0 

5.0 

2.387 


230.0 

304 . 1 

304.1 

304.1 

304.1 

304 . 1 

310.0 

310.0 

315.0  .315.0 

5.0 

70 . 0 

72.0 

74.0 

76.0 

90.0 

85.0 

90.0 

85.0  90.0 

2.132 

0.822 

0.767 

0 . 382 

0.310 

0.159 

0.360 

0 . 250 

0 . 569  |  0 . 443 

315.0 

95.0 

0.312 


n  as  a  function  of  p  along  isenthalpic  (or  total  heat)  curves 

n  in 


°K:  m  in  °Iv  per  atm. 


V 

0 

1 

20 

40 

60 

72.9 

80 

1(H) 

T . 

M 

379 . 94 

0 . 7080 

380 . 63 
0.7029 

Yapo 

393.12 

0.6118 

r  isenthalps 

404 . 56 

0 . 5284 

414.39 

0 . 4564 

420  00 
0.4154 

422.88 

0 . 3944 

430 . 22 
0  3407 

T. ... 

. . 

356 . 30 

0 . 7924 

357.10 

0 . 7860 

370.92 

0 . 6748 

383 . 40 
0.5745 

394.00 

0.4892 

400.00 

0.4410 

403 . 05 
0.4165 

410.74 
0  3546 

r. 

331.40 

0  9054 

332 . 30 
0.8974 

347 . 99 
0.6582 

361.90 

0 . 6348 

373.52 

0.5317 

380  00 

0 . 4742 

383 . 27 

0  4452 

391  43 
0 . 3728 

** . 

T . 

304 . 30 
1.0760 

305 . 35 

1 . 0655 

323 . 77 
0.8816 

339 . 76 

0 . 7220 

352 . 85 
0.5914 

360 . 00 

0 . 5200 

363.57 

0.4844 

372 . 35 
0  3967 

T . 

272.42 

1 . 3750 

273.88 

1.3590 

297.03 

1 .0885 

316.46 

0.8620 

331.83 

0  6826 

340.00 

0 . 5872 

344.00 

0  5405 

353  64 
0  4280 

T  . 

226.91 

229 . 09 

263  56 

290.42 

310. 15 

320.00 

0 . 6900 

324  63 

335  27 
0  4540 

2  1272 

2 . 0948 

1 . 5620 

1.1470 

0 . 8422 

T . 

M . 

208  69 

2 . 5786 

211.26 

2 . 5338 

[252 . 26[ 
[1.8181] 

282.91 

1  2826 

304 . 56 

0  9046 

315.00 

0  7223 

319.82 

0  6381 

330  59 
0  4501 

146 


INTERNATIONAL  CRITICAL  TABLES 


C  O  2  • —  ( Continued ) 


p 

0 

1 

20 

40 

60 

72.9 

80 

100 

T . 

181.28 

[184.70 

237 . 43 

274.42] 

298.85 

310.00 

314.97 

325 . 60 

M . 

3.4295 

[3 . 3588 

2 . 2620 

1 . 4928] 

0 . 9850 

0 . 7533 

0.6500 

0.4290 

T . 

157.40 

[161.24 

226.49 

269.35 

295.97] 

307 . 50 

312.48 

322.77 

M . 

4.343 

[4.2514 

2 . 6950 

1.6727 

1 . 0380] 

0.7630 

0 . 6442 

0 . 3998 

r . 

120.90 

[126.80 

212.44 

264 . 32 

293.71] 

305 . 50 

310.36 

319.77 

M . 

6.000 

[5.832 

3.400 

1.926 

1.091  ] 

0 . 7560 

0.6179 

0 . 3508 

T . 

76.00 

[  81.40 

198.40 

260 . 85 

292.77) 

304 . 50 

309 . 09 

317.42 

M . 

8.396 

[8.114 

4.288 

2.1915 

1 . 1200] 

0.7264 

0.5724 

0.2926 

Critical  isenthalp 

T . 

0.00 

[  13.38 

182.77 

260.56 

293.70 

304.10] 

307.80 

313.82 

M . 

13.580 

[  13.01 

5.783 

2.463 

1.049 

0 . 6050] 

0 . 4470 

0.1906 

Liquid  isenthalps 

T . 

[195.21 

198.25 

251.57 

281.51 

297 . 44] 

303 . 50 

305.92 

310.43 

M . 

[3.7974 

3 . 6800 

2.0194 

1.0744 

0.5716] 

0 . 3804 

0.3041 

0.1618 

T . 

[245.42 

247 . 07 

271.83 

287 . 94 

297.79] 

302 . 00 

303.81 

307 . 48 

M . 

[1.6720 

1.6312 

1.0210 

0.6239 

0.3812] 

0.2774 

0.2329 

0.1423 

T . 

[265.03 

265.92 

280.04 

290.11 

296.87] 

300 . 00 

301.41 

304.45 

M . 

[0.9102 

0.8924 

0.6108 

0 . 4099 

0.2751] 

0.2127 

0.1846 

0.1239 

7 . 

[275.86 

275.93 

277.16] 

278.34 

279 . 39 

280 . 00 

280 . 32 

281 . 14 

M . 

[0.06978 

0 . 06936 

0.06202] 

0.05514 

0.04901 

0 . 04543 

0 . 04357 

0 . 03873 

T . 

[259.24 

259 . 26 

259.46] 

259 . 67 

259 . 88 

260.00 

260 . 07 

260 . 26 

M . 

[0.01096 

0.01094 

0.01064] 

0.01027 

0 . 00993 

0 . 00973 

0 . 00962 

0.00931 

T . 

[240.54 

240.53] 

240 . 40 

240 . 29 

240.10 

240 . 00 

239.94 

239.79 

M . 

[-0.00704 

-0.00705] 

-0.00723 

-0.00742 

-0.00761 

-0.00773 

-0  00781 

-0.00801 

T . 

[222.19 

222.17] 

221.66 

221.08 

220 . 44 

220 . 00 

219.74 

218.98 

M . 

[-0.02537 

-0.02548] 

-0.02778 

-0.03040 

-0.03329 

-0.03528 

-0.03464 

-0.03989 

H20  Vapor,  unit,  °C/kg  cm-2  (5) 


°C . 

120 

150 

200 

250 

300 

350 

400 

M . 

5.33 

3.63 

2.20 

1.50 

1.15 

0.90 

0.75 

At  165°C  and  3.86  kg/cm2,  p.  =  3.182  (24). 


CH4,  values  of  p  =  °C/atm.  +ca.  0.05  (21);  cf.  (ls) 


P . 

25 

17 

14.6 

27 

55 

th°  C . 

-77 

-78 

-78 

+  10 

10 

M . 

0.75 

0.75 

0.74 

0.35 

0.40 

C2Hi,Cl,  values  of  p  in  °C/atm.  for  pressures  less  than  3  atm.  (10) 


°C . 

0 

20 

40 

60 

80 

100 

M . 

5.22 

4.51 

3.86 

3.31 

2.84 

2.43 

Inversion  Temperatures 


n  —  0  at  t,  °C  and  at  pa tm. 


t 

V 

Gas 

t 

V 

Lit. 

Air 

20) 

He . 

-173 

(1) 

(17) 

300.4 

90.1 

h, . 

80.5* 

113 

(15) 

283 . 0 

137.0 

T  ■  / 

-133 

150 

(8,  1  2 

252.8 

176.7 

Liq.  air . < 

-140 

125 

,8,  12 

240.1 

199.1 

OCL  (liq.) . 

-  24.0 

18  to  100 

(2) 

*  Temperature  at  which  a  drop  from  p  to  1  atm.  gives  zero  integrated  cooling 
effect. 


CHANGE  IN  TEMPERATURE  ON  ADIABATIC  EXPANSION 
H20,  values  of  105^~^>  unit,  °C/kg  cm-2 


Lit 


V, 

kg/cm2 

(18) 

(J) 

0) 

(!8) 

(18)l  (7) 

(18)|  C1) 

0) 

(IS) 

0° 

20° 

25° 

37° 

40° 

54° 

60° 

80° 

1 

-130 

-16 

+  137 

+  66 

260 

287 

390 

417 

548 

492 

500 

-  20 

+68 

175 

130 

273 

300 

371 

417 

500 

468 

1  000 

+  64 

132 

220 

167 

279 

309 

357 

413 

462 

445 

1  500 

116 

183 

248 

188 

279 

316 

344 

406 

427 

423 

2  000 

150 

215 

263 

203 

279 

322 

335 

397 

403 

406 

3  000 

189 

251 

280 

223 

284 

325 

325 

381 

367 

38° 

4  000 

260 

283 

240 

323 

366 

344 

6  000 

194 

289 

336 

349 

308 

8  000 

355 

333 

337 

279 

10  000 

330 

330 

257 

12  000 

320 

320 

238 

For  calculated  values  0  —  30°C  and  1  to  1000  atm.,  v.  (23). 


Miscellaneous  Substances 


P 

1  500! 

1000] 

1500 

2000  | 

2500  |  3000 

Substance 

1  °° 

| 

10s 

d/ 

(dp) 

(19) 

Benzene . 

90 

2550  2000 

1620 

1390 

1210 

1090|  990 

Urethane . 

80 

|  1300  1072 

884 1 

765 

702 

639, 

HEAT  OF  COMPRESSION 


1 4  i 


Miscellaneous  Substances. — ( Continued ) 


P 

1 

500 

1000 

1500 

2000 

2500  3000 

Substance 

°C 

to-  7" 

(dp) 

(19) 

Mix.  A* . 

90 

2400 

1890 

1560 

1300 

1110 

990  880 

Phenol . 

80 

1130 

999 

883 

802 

726 

648 

p-Toluidine . 

80 

1300 

1158 

1034 

Mix.  B*  . 

80 

1160 

1016 

905 

782 

691 

644 

Ethyl  alcohol. 

30 

1450 

1180 

965 

805 

715 

658 

0 

-130 

-20 

+64 

+  116 

+  150 

+  173,  +189 

Water  . 

1  80 

492 

468 

445 

423 

406 

392  382 

J  25 

437 

407 

380 

352 

327 

308  294 

Glycerol 

\98.2 

625 

570 

520 

475 

441 

Castor  oil . 

0 

785 

700 

628 

564 

507 

468,  448 

*  Mi*.  A  is  75  mol  %  Benzene  +  25  mol  %  Urethane.  Mix.  B  is  75  mol  % 
Phenol  +  25  mol  %  p-Toluidine. 


Aqueous  Solutions  (22) 

Changes  of  temperature  on  adiabatic  expansion 


Wt.  % 
KC1 

0.747 

7.11 

19.43 

Wt,  % 
NaCl 

5 . 63 

10.68 

A P 

At 

At 

At 

AP 

At 

At 

101 

-0.07 

-0.05 

-0.21 

101 

-0.10 

-0.21 

200 

-0.05 

c 

1 

-0.39 

200 

-0.15 

-0.34 

300 

-0.11 

-0.26 

-0.60 

300 

-0.24 

-0.49 

400 

-0.12 

-0.44 

-0.72 

400 

-0.42 

-0.67 

498 

-0.15 

-0.55 

-0.96 

498 

-0.55 

-0.79 

Wt.  % 

h2so. 

3.94 

7.69 

!  Wt.  % 

;  ZnS04 

2.85 

5.55 

8.11 

AP 

A( 

At  | 

AP 

At 

At 

At 

101 

-0.11 

-0.12 

101 

-0.02 

-0.05 

-0.09 

200 

-0.12 

-0.32 

200 

-0.04 

-0.10 

-0.16 

300 

-0.25 

-0.38 

300 

-0.10 

-0.17 

-0.24 

400 

-0.38 

-0.58 

400 

-0.18 

-0.24 

-0.32 

498 

-0.54 

-0.79 

498 

-0.27 

-0.36 

-0.45 

Wt.  %  CjHsOH . 

Wt.  %  NaCl . 

4.99 

0.60 

10.18 

0.62 

AP 

Af 

Af 

101 

-0.006 

-0.04 

200 

-0.01 

-0.09 

300 

-0.01 

-0.13 

400 

-0.04 

-0.19 

498 

-0.10 

-0.24 

p,  kg/cm1 

0° 

20° 

40° 

60° 

80°C 

4  000 

6  4 

8.9 

116 

14  6 

16.5 

6  000 

10.6 

14.0 

17.3 

20 . 9 

23.2 

8  000 

19.6 

23 . 1 

27.0 

29.3 

10  000 

28.7 

32.9 

35  3 

12  000 

34  5 

38 . 8 

40.8 

Calculated  values  for  CSj,  ether,  alcohol  and  11*0  3).  Calcu¬ 
lated  values  at  0°C  for  ethylene  chloride,  ethyl  chloride,  ethyl 
bromide,  ethyl  iodide,  methyl  acetate,  ethyl  acetate,  benzene, 
toluene,  xylene,  cymene,  bromine,  mercury,  acetone,  carbon 
disulfide,  carbon  tetrachloride,  chloroform  and  ether  13  . 

HEAT  OF  ELASTIC  EXTENSION  OF  METALS 
A  t  aT  , 

- - -  where  Ar  =  tension  increase  and  A f  the  corre- 

At  cd  ’ 

sponding  temperature  increase,  a  =  the  coefficient  of  thermal 
expansion,  d  the  density,  c  the  specific  heat  per  grain  and  T  the 
temperature  in  °K;  Q  =  heat  absorbed. 

At,  kg/cm3  |  Af,  °C  Q,  g-calu/cm3 

Steel  at  23.9°C,  d  =  7.93  g  cm  4) 

1656  I  -0.1369  |  0.1279) 

3312  -0.2737  0.2556  ±0.4% 

4968  -0.4106  0.3836 

German  silver  at  16.4°C,  d  =  8.40  g/cm3  (7) 

969 [  -0,1405  |  0.1135+3% 


Temperatuhe  Change  in  Plastic  Extension  (6) 

100  Al/l0  =  %  elongation. 

Att  =  Temp,  rise  with  tension  maintained. 

Afr  =  Temp,  rise  on  relief  of  residual  tension. 

Afw  =  Temp,  rise  to  be  expected  from  work  done  by 

tension. 


A£t  4"  A£r 

—  —  =  R  =  Ratio  of  heat  evolved  to  work  done. 
Afw 


Metal 

100  Al/lo 
max.  * 

Aft 

Air 

R 

Steel . 

13.10 

9.00 

0.37 

0.865 

Cu . 

17.45 

6.29 

0.31 

0 . 92 

A1 . 

23.06 

5.68 

0.28 

0  93 

Al,  single  crys . 

52 . 72 

8.77 

0. 19 

0.95 

*  R  is  independent  of  A  l  to  up  to  the  maximum  value  studied. 


Liquid  NH.,,  values  of  l  =  (^lt^  r  (16) 


Unit,  joules  per  kg/atm. 


°C.  . 

-44.1 

-39.0  -24.2 

-0.2|  16.5 

26 . 5  I  35 . 4 

40.3 

1 . 

-57 

-59  I  -70 

-91  1  —  111 

-1271-145 

-155 

HEAT  OF  ISOTHERMAL  COMPRESSION 

Q  =  JJ  Hp)dQ 

H..O,  values  of  105Q,  unit  g-cal  g  (3) 


/>.  kg/cm5 

0° 

20° 

40° 

60 

80°C 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

500 

0.2 

0.7 

1.5 

2.1 

2.6 

1  000 

0  6 

1.6 

2.9 

4.1 

5.0 

2  000 

1.9 

3.8 

5.8 

7.9 

9.2 

3  000 

4.0 

6 . 4 

8.7 

11.4 

13.1 
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(For  a  key  to  the  periodicals  see  end  of  volume) 
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I'arreii  ami  Taylor.  5,  107:  122;  25  (7)  liana,  8,  16:  1;  82.  I*1  hausen. 
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28:  1108;  2t.  (*•)  Pushin  and  Grebenshchikov,  ..  123:  2717  >  (*•) 

Pushin  and  Grebenshchikov,  4.  125:  2043;  24 
(20)  Roebuck,  05,  60:  535;  25.  (*U  Roeesler  and  Hasslaehcr  Chemical 

Perth  Amboy,  X.  J.,  O.  (*Ji  Rog6yski  and  Tammann.  r.20:  1,  96.  I*1) 

Taminann,  Ubrr  dir  Brnrhungrn  itrisrhrn  den  innrrrn  Kraflm  und  Stgtn- 
nchaften  drr  Ldtungtn.  LeipziK,  t’oss.  1907.  (141  Trueblood,  85,  52  731} 

17.  (J5)  Roebuck,  Univ.  of  Wisconsin,  Madison,  "  is  ,  O 


148 


INTERNATIONAL  CRITICAL  TABLES 


HEATS  OF  SOLUTION  OF  ORGANIC  SUBSTANCES 

Ernest  Anderson 


contents 


1.  Binary  aqueous  systems .  148 

2.  Binary  organic  systems .  150 


Tables  1  and  2  form  a  complete  index  to  the  whole.* 

Table  1. — Heats  of  Solution  of  Organic  Substances  in  Water 
(J  is  expressed  as  kilojoules  evolved  per  mole  solute,  at  infinite 
dilut  ion.  These  systems  are  arranged  according  to  the  (Z -  arrange¬ 
ment  (v.  Vol.  Ill,  p.  viii).  Inorganic  salts  of  organic  acids  will  be 
found  immediately  following  the  acid. 


Formula 

Name 

1,  °c 

Q 

Lit.  and  table 
numbers 

CHClj 

Chloroform . 

16 

9.2 

(2  0) 

OH2N2 

Cyanamide . 

-15.1 

(105) 

CH2O2 

Formic  acid  (solid) . 

7 

-  9.83 

(10) 

Formic  acid  (liquid) . 

7 

0 . 33 

(,0);  5 

CHjN02 

Nitromethane . 

-  2.5 

(29) 

ch4n2o 

Urea . 

-  15.1 

(43,  111) 

ch.n2s 

Thiourea . 

10 

-22.3 

(111) 

ch4o 

Methyl  alcohol . 

8.37 

(1  4,  68,  69,  70, 

75,  81).  f) 

CHsN 

Methylamine . 

(47) 

CHiN.04 

Urea  nitrate . 

-45.2 

(Hi) 

CH6N403 

Guanidine  nitrate . 

-42.7 

(111) 

C2HBr302 

Tribromoacetic  acid . 

4.69 

(US);  5 

C2HC1302 

Trichloroacetic  acid  (solid) . . 

12.1 

(106,  115);  5 

Trichloroacetic  acid  (liquid) . 

15 

22.08 

(115) 

Na  tnchloroacetate . 

7.28 

(106) 

C2H2Br202 

Dibromoacetic  acid . 

11.7 

(lls);  5 

C2H2CI2O2 

Dichloroacetic  acid . 

4.69 

(106,  115);  5 

C2H202 

Glyoxal . 

-  5.23 

(66) 

Glyoxal  bisulfite . 

-40.4 

(66) 

C2H204 

Oxalic  acid . 

-  9.58 

(96,  1  08) 

C2H204.2H20 

Oxalic  acid . 

—  35.5 

(96) 

C2H3Br02 

Bromoacetic  acid . 

-12.8 

('15);  5 

c2h3cio3 

Chloroacetic  acid  (solid) . 

16 

-  14.0 

(1  U6,  115) 

Chloroacetic  acid  (liquid). .  . 

16 

1.12 

(1  06,  1  1  5) 

C2H3C1302 

Chloral  hydrate . 

-3.77 

(20,  88,  1  22) 

c2h3no3 

Oxamic  acid . 

12 

-29 

(in) 

K  oxamate . 

-31.0 

(110) 

c2h4o 

Acetaldehyde . 

15.1 

(8) 

c2h4o2 

Acetic  acid  (solid) . 

7 

-  8.91 

(10) 

14 

-9.42 

(10) 

Acetic  acid  (liquid) . 

7 

1.67 

(37);  5 

23 

1.00 

(10) 

c2h4o2 

Methyl  formate . 

15 

4.73 

(41) 

c2h4o3 

Glycolic  acid . 

-11.55 

(66) 

Ba  glycolate . 

-21.26 

(66) 

Ca  glycolate . 

-6.78 

(66) 

Ca  glycolate  (3H2O) . 

-29.55 

(66) 

Ca  glycolate  (5H2O) . 

-32.6 

(66) 

Cu  glycolate . 

-6.78 

(66) 

K  glycolate . 

-6.86 

(66) 

K  glycolate  (0.5H2O) . 

-19.7 

(66) 

Mg  glycolate . 

-18.41 

(66) 

Na  glycolate . 

-10.30 

(66) 

Na  glycolate  (O.5H2O) . 

-14.6 

(66) 

NH4  glycolate . 

-13.52 

(66) 

Pb  glycolate . 

-24.02 

(66) 

Sr  glycolate . 

-5.02 

(66) 

Zn  glycolate . 

-  2.76 

(66) 

c2h4o4 

Glyoxylic  acid . 

11 

-10.5 

(67) 

Ca  glyoxylate . 

-  9.37 

(67) 

Na  glyoxylate . 

-20.1 

(67) 

c2h3no 

Acetamide . 

23 

-  8.33 

(122) 

C2H3NOi 

Glycocoll . 

-  14.98 

(106) 

CjHsNOs 

Ethyl  nitrate . 

4.14 

(15) 

c3h6o 

Ethyl  alcohol . 

13 

10.63 

(1  4,  48,  75,  81, 

1 38) :  3,  6 

C2HeO 

Dimethyl  ether . 

17 

34.7 

(21) 

*  The  numbers  in  the  last  column  not  in  parentheses  are  numbers  of  other 
tables  in  this  section  which  should  be  consulted  for  further  data. 


Table  1.- — ( Continued ) 


Formula 

Name 

t,  °C 

Q 

Lit.  and  table 
numbers 

c2h6o2 

Glycol . 

7.1 

C>  73);  3 

c2h6n2o3 

Urea  formate . 

-30. 1 

(in 

c2h3o4,s 

Ethyl  sulfuric  acid . 

Ba  ethylsulfate . 

2.9 

CD 

Ba  ethylsulfate  (2H2O) .  .  .  . 

-18.0 

CD 

Na  ethylsulfate . 

-  4.2 

CD 

Na  ethylsulfate  (H2O) . 

- 13.0 

(14) 

c2h7n 

Kthylamine . 

19 

26.49 

(6,  2  2,  58. 

c2h,cin 

Ethylamine  hydrochloride 

-9.33 

(87) 

c2h»n2 

Ethylenediamine . 

31.8 

(60) 

C2II10C12N2 

Ethylenediamine  dihydro- 

chloride . 

-31.60 

(60) 

C.HnNeOiS 

Guanidine  sulfate . 

-28.25 

(111) 

CaH2Br204 

Dibromomalonic  acid . 

8.45 

(108) 

KH  dibromomalonate . 

-23.4 

(108) 

K2  dibromomalonate . 

-41.60 

(108) 

C3H3N303 

Cyanuric  acid . 

v.  p.  182 

CsH4Br202 

ar-Dibromopropionic  acid . 

13 

6.86 

(1  2®i 

K  ar-dibromopropionate . 

2.18 

(125) 

K  a-d ibromopropionatc 

(H2o) . 

-12.1 

(125) 

C3H4N202 

Hydantoin . 

-25.1 

(111) 

C3H404 

Malonic  acid . 

-18.8 

(108) 

Ag2  malonate . 

-41.0 

(108) 

KH  malonate . 

-21.3 

(108) 

K2  malonate . 

8.8 

(108) 

K2  malonate  (2H2O) . 

-23.4 

(108) 

LiH  malonate . 

-  5.9 

(108) 

Li2  malonate . 

14.6 

(108) 

NaH  malonate . 

-25.5 

(108) 

Na2  malonate . 

13.0 

(108) 

Na2  malonate  (H2O) . 

6.3 

(108) 

NH4H  malonate . 

-25.1 

(108) 

(NHi)j  malonate . 

-  10.5 

(108) 

C3H406 

Tartronic  acid . 

-15.69 

('os) 

KH  tartronate . 

14 

-31.4 

(108) 

K2  tartronate . 

-19.88 

(108) 

Na2  tartronate . 

10 

-  12.6 

(108) 

C3H5N 

Propionitrile . 

-3.26 

(120) 

C3H6N202 

Acetylurea . 

-28.5 

(110) 

C3H6N203 

Hydantoic  acid . 

-27.2 

(lit) 

c3h6o 

Allyl  alcohol . 

8.37 

CD 

C3HcO 

Propionaldehyde . 

17 

CD 

c3h3o 

Acetone . 

10.5 

CD:  4 

C3He02 

Propionic  acid . 

2.59 

('»*);  5 

Ba  propionate . 

28.75 

(") 

K  propionate . 

12.64 

(108) 

Na  propionate . 

12.76 

(108) 

C3H602 

Ethyl  formate.  .  . 

10 

8.8 

CD 

c3h7n 

Allylamine . 

19.59 

(58,  87) 

CsHjNO 

Propionamide . . 

15 

-  4 

(35) 

C3HtN02 

Urethane . 

23 

-15.9 

(122) 

c3ii8n2o 

Ethylurea . 

14 

-  9.6 

(111) 

CiH>N><  >3 

Urea  acetate . 

-36.8 

C11) 

C3H,0 

n- Propyl  alcohol . 

12.76 

(49,  70);  6 

c3h»o 

Isopropyl  alcohol . 

15.74 

(75,  76) 

C3H80j 

Methylal . 

13.4 

(40) 

CallsOa 

Glycerol . 

6.3 

(8,  14,  71,  72, 

89,  100);  4 

C3H„N 

Propylamine . 

25.74 

(58) 

CsHuN 

Trimethylamine . 

36.62 

(22,  88) 

CsHioCIN 

Trimethylamine  hydro- 

chloride . 

18 

-  2.1 

CD 

c4h2n3o4 

Alloxan . 

-17.6 

CD 

C4H404 

Fumaric  acid . 

-24.7 

(83,  86) 

C4H<04 

Maleic  acid . 

-18.58 

(83,  86) 

c4h3no2 

Succinimide . 

22 

-18.0 

CD 

C4H«N«Oi 

Allan  loin . 

-31.4 

(110) 

C4H,Oi 

Succinic  acid . 

11 

-26.8 

CD 

KII  succinate . 

-22.39 

CD 

KH  succinate  (H.O) . 

-31.8 

CD 
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Table  1. — ( Continued ) 


Formula 

Name 

1,  °c 

Q 

Lit.  and  tal 
numbers 

C<H*0« 

Kt  succinate . 

0.8 

(5*, 

Kt  succinate  (HtO) . . 

-14.2 

(54> 

NaH  succinate . 

—  11.7 

(108) 

Nat  succinate . 

10.0 

(108) 

Nat  succinate  (6HtO) 

-46.0 

(54, 

NH»H  succinate 

-20.5 

(54, 

(NH<)  t  succinate 

-  14.0 

(108) 

0*11.0, 

l8osuccinic  acid . 

6 

-  14.31 

(108, 

KH  isosuccinate 

-15.74 

(108) 

KH  isosuccinate  (H 2O) 

-19.08 

(108) 

Kt  isosuccinate . 

13.00 

(108, 

Kt  isosuccinate  (HtO) . . 

8.10 

(108) 

Kt  isosuccinate  (2H2O) . 

5.90 

(108) 

Nat  isosuccinate . 

20.5 

(108) 

C«HiO. 

Dimethyl  oxalate . 

-9.37 

(18) 

C*H.O. 

Malic  acid . 

15 

-  13.8 

(107,  108) 

20 

-13.18 

(85, 

KH  malate . 

-24.3 

(1  07,  1  08, 

KH  malate  (H2O) 

-27.6 

(108) 

Kt  malate . 

-  6  49 

(1  07,  108, 

NaH  malate  . 

21 

-  6.95 

(1  07,  1  08) 

NaH  malate  (HtO) 

18 

-11.17 

(108) 

Na2  malate . 

21 

7.45 

(1  07,  1  08, 

C*H.O. 

d-Tartaric  acid . 

-14.44 

(36, 

KH  tartrate . 

12 

-48.5 

(95) 

K,  tartrate . 

-14.90 

(10, 

K2  tartrate  (O.0H2O) . . . 

-23.27 

(10, 

KSbO  tartrate.  . 

12 

-21.3 

(91) 

KSbO  tartrate  (O.0H2O). 

-22.2 

(91) 

NaH  tartrate . 

-23.69 

(10) 

NaH  tartrate  (HtO) . 

-35.74 

(10) 

NaK  tartrate . 

-  7.83 

(10, 

NaK  tartrate  (4II2O) 

-51.64 

(10) 

Nat  tartrate . 

-4.69 

(10, 

Na.  tartrate  (2H.O) . 

-24.61 

(10) 

d/-Tartaric  acid . 

-22.68 

(36,  1  08, 

d/-Tartaric  acid  (HtO) . 

-28.88 

(36) 

me-so-Tartaric  acid . 

-21.93 

(36,  1  08) 

C.HtCI.Oi 

Chloral  alcoholate . 

0.0 

(24) 

C.H7N0* 

Aspartic  acid . 

16 

-30.34 

(32, 

C.H.O, 

n-Butyric  acid . 

5 

Na  n-butyrate . 

17.74 

(ll) 

Na  n-butyrate  (3HtO) . 

14.40 

("> 

C*H,Oj 

Isobutyric  acid . 

4.2 

(84) 

Ca  isobutyrate  (5H2O) . 

13.0 

(53) 

c.h.o. 

Ethyl  acetate . 

15 

12.81 

(18) 

C+H  loNiOe 

Urea  oxalate .  • 

17 

-74.5 

(...) 

C*HioO 

Isobutyl  alcohol . 

12.1 

(14,  70, 

C*HioO 

Trimethyl  carbinol . 

15 

13.52 

(77) 

C*llioO 

Ethyl  ether . 

13 

-24.7 

(>7) 

C<H  I0O4 

Erythritol . 

-22.2 

(38,  74) 

C.H..N 

Diethylamine . 

34.40 

(58) 

C.H.iN 

Isobutylamine . 

25 

(58, 

C*H  .,C1N 

Diethylamine  hydrochloride 

-  6.24 

(7) 

C.H.N, O.S 

Thiouric  acid  (I.5H2O) . 

-44.8 

(112) 

Kt  thiourate . 

-69.5 

(112) 

Nat  thiourate . 

-26.8 

(112) 

C.H.N.O. 

Uric  acid . 

K  urate  . 

-35.2 

(112) 

C.H.N 

Pyridine . 

22 

8.87 

(30,  58) 

C.H.NjOi 

Dimethylparabanic  acid. 

-19.46 

(110, 

C.H.N.O. 

Pseudounc  acid . 

K  pseudourate  (HtO) . .  . 

-28.9 

|  (112, 

CsH.O, 

Citraconic  acid . 

-11.7 

(83) 

C.H.O* 

Itaconic  acid  . 

-24.78 

(83) 

C.H.O. 

Mesaconic  acid . 

19 

-23.0 

(83) 

C.H.O. 

Acetylacetone . 

-  2.68 

(81,  120, 

C.H.O, 

Lovulinic  acid  (solid) . 

-15.02 

(124) 

Levulinic  acid  (liquid) . 

-  5.82 

(124> 

6.03 

(124) 

5.65 

(124) 

C.H.O. 

Glutaric  acid . 

-22.6 

|  (,0i) 

KH  glutarate . 

-  18.58 

(108) 

Kt  glutarate . 

19.13 

(106) 

C.H.O. 

Pyrotartanc  acid . 

-21 

(108) 

|  KH  pyrotartrate  . 

-13.0 

|  (,02) 

KH  pyrotartrate  (11,0). 

-17.6 

1  <‘°') 

1  nvrotartrate . 

19.3 

1  (108) 

Table  1. — (Continued) 

Lit.  and  table 

Formula 

Name 

1.  “C  ( 

Q 

numbers 

CtHiO* 

Monoethyl  inalonate 

2.5 

(108) 

K  ethyl  malonate 

—  0  72 

(108, 

c5nioO, 

Isovalenc  acid 

2.9 

(«*) 

CiHioOi 

Trimethylacetic  acid 

K  trimethylacetate 

It, 

30.76 

(10) 

CsHuN 

Piperidine 

21 

27 . 04 

(30,  58) 

C.HuCIN 

Piperidine  hydrochloride 

-  4 

(59, 

C.HuO 

Isoamyl  alcohol 

11.7 

(>4,  70) 

C.HuN 

Amylamine  . 

21.13 

(58,  87) 

C.HuCIN 

Amylamine  hydrochloride. 

-  5.73 

(87) 

C.H.Br.O, 

1,  3- Dihydroxy-2,  4,  b-tri- 

bromobenzene . 

-  9.2 

(45) 

C«HjNj07 

Picric  acid . 

-29.7 

(») 

Ba  picrate . 

-  19.7 

(129) 

Ba  picrate  (HtO) 

-  39 . 3 

(129) 

Ba  picrate  (6HtO) . 

—  0 1  73 

(129) 

Ca  picrate . 

9.2 

(129) 

Ca  picrate  (6H1O) 

-62.4 

(129) 

Cu  picrate 

13.8 

(129, 

Cu  picrate  (8H1O) . 

—  73.7 

(129, 

K  picrate  . 

-42 

(9,  129) 

Mr  picrate . . 

61.5 

(129) 

Mg  picrate  (8HtO) . 

-  6b .  5 

(129) 

Na  picrate . 

—  26.95 

(9,  129) 

NH«  picrate . 

-36.4 

(9,  129) 

Pb  picrate . 

-29.7 

(129) 

Pb  picrate  (2HtO) 

-  55 . 2 

(129) 

Sr  picrate  . 

3.3 

(129) 

Sr  picrate  (6II2O) ...... 

-60.3 

(129) 

Zn  picrate . 

48. 1 

(129) 

Zn  picrate  (811 2O) 

-66.5 

(129) 

C.H.O, 

Quinone . 

-  16.7 

(**) 

C.H.BrO 

p-Bromophenol . 

-  15.5 

(135) 

C.H.CINs 

Phenyldiazonium  chloride 

-7.70 

(123) 

C.H.NO. 

o-Nitrophenol . 

-26.4 

(‘) 

Na  o-nitrophenate . 

—  7.5 

(») 

C.H.NO, 

m-Nitrophenol . 

-21.8 

(l) 

Na  m-nit rophenate 

1  !  0 

C.H.NO. 

p-Nitrophenol . 

—  18.8 

t'l 

Na  p-nitrophenate . •  ■  ■ 

11.3 

(') 

C.H.O, 

Catechol . 

-14.0 

(44,  78) 

C.H.O, 

Resorcinol . 

10 

-16.57 

(44,  78,  88, 

•22) 

C.H.O. 

Hydroquinol . 

-  18.4 

(44,  78) 

C«H«03 

Phloroglucinol . 

-  6.91 

(44> 

Phloroglucinol  (H,0) . 

-28.0 

(44) 

C.H.O. 

Pyrogallol . 

-15.5 

(44,  78,  88) 

C.H.C1N 

o-Chloroaniline .  . 

-  2.34 

(106) 

C.H.C1N 

m-Chloroaniline . 

-  3.47 

(106, 

C.H.C1N 

p-Chloroaniline . 

-21.39 

(106) 

C.H.NjOi 

p-Nitroanilinc .  ••• 

-15.65 

(106) 

C.H.O 

Phenol  (solid) . .  • 

-10.9 

(8,  78,  88,  100 

C.H.O.S 

Benzenesulfonic  acid 

Ba  benzenesulfonate . 

10.9 

('*) 

Ba  benzenesulfonate  (3HtO) 

-  10.9 

(IS) 

Na  benzenesulfonate . 

14 

-  3.3 

(*S, 

Na  benzenesulfonate  (2HtO) 

-14.2 

(”) 

C.H.O.S 

o-Phenolsulfonic  acid . 

Ba  o-phenolsulfonate  (HtO) 

-56.5 

(*) 

K  o-phenolsulfonate  (2HjO). 

-40.6 

(*) 

C.H.O. 

Aconitic  acid . 

-  17.6 

(7) 

C.H.O7S1 

Phenol-2,  4-disulfonate 

Ba  phenol-2,  4-disulfonate 

(4HiO) . 

-33.1 

<*) 

C.HtCUN 

o-Chloroaniline  hydrochlo- 

ride . 

-  18.33 

(10.) 

C.HrCliN 

m-Chloroaniline  hydrochlo- 

ride  . 

-16.45 

(10.) 

C.H,C!jN 

p-Chloroaniline  hydrochlo- 

ride  . 

-  14.61 

(10.) 

C.H,N 

Aniline . . 

16 

-  0.75 

(*») 

24 

-  2.30 

(**) 

C.H.C1N 

Aniline  hydrochloride 

-11.43 

t1*) 

C.H.Nt 

Phenylhydrazinc  (liquid).. 

21 

1.21 

(**) 

Phenylhydra.ine  (HjO). 

-31.0 

(**) 

C.H.N, 

m-Phenylen€»diamine 

-13.4 

(***, 

C.H.N, 

p-Phenylenediarnine 

1-15.9 

C**) 

C.HiNtO. 

Aniline  nitrate . 

1-28.17 

(*•) 
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Table  1. — ( Continued ) 


Formula 

Name 

'•  °c 

Lit.  and  table 
numbers 

CeHsO* 

Tricarballylic  acid . 

-27.2 

(108) 

KH>  tricarballylate . 

-28.0 

(108) 

K2H  tricarballylate . 

-10.7 

(108) 

K3  tricarballylate . 

13.0 

(108) 

Na3  tricarballylate . 

27.6 

(108) 

C«Hb07 

Citric  acid . 

-22.6 

(88,  108) 

KH>  citrate . 

-33.5 

(108) 

K2H  citrate . 

-28.0 

(108) 

K3  citrate . 

11.8 

(108) 

NaH»  citrate . 

-26.57 

(108) 

Na*H  citrate . 

-  5.11 

(108) 

Na3  citrate . 

22.05 

(108) 

CaH.CIN* 

Phenylhydrazine  hydro- 

chloride . 

-24.94 

(114) 

CcHioOj 

Ethyl  acetoacetate . 

5.27 

(80) 

Na  ethyl  acetoacetate . 

18.4 

(79) 

C6H10O4 

Diethyl  oxalate . 

15 

12.89 

(18) 

CsHnCljN. 

o-Phenylenediamine  trihy- 

drochlonde  (0H2O) . 

-34.3 

(133) 

CsHiiNi 

Hexamethylenetetramine. . .  . 

20. 1 

(62) 

C6Hi20 

Cyclohexanol  (solid) . 

8.12 

(82) 

Cyclohexanol  (liquid) . 

9.8 

(82) 

CsHisOe 

Inositol . 

18 

-14.15 

(31) 

CeHuCINi 

H  exam  ethylen  etet  rami  ne 

hydrochloride . 

15 

-16.49 

(62) 

C6H13N6O3 

Hexamethylenetetramine  ni- 

trate . . 

-23.02 

(62) 

CeHuNiOiS 

Hexamethylenetetramine 

sulfate . 

-  6.70 

(62) 

C6H14N6O6 

Hexamethylenetetramine  di- 

nitrate . 

-59.8 

(62) 

OeHuOs 

Dulcitol . 

-24.7 

{'*) 

CcHmO® 

Mannitol . 

23 

-22.01 

(14,  122) 

CsHuIS 

Triethylsulfonium  iodide.  .  .  . 

-24.06 

(7) 

C6H,5N 

Dipropylamine . 

31.60 

(58) 

CcHisN 

Triethylamine . 

42 

(58,  87) 

CsHieCIN 

Triethylamine  hydrochloride 

-  2.22 

(87) 

CjH.O, 

Meconic  acid . 

-38.1 

(27) 

CiILCIOj 

o-Chlorobenzoic  acid . 

-26.9 

(116, 

K  o-chlorobenzoate  (O.5H2O) 

1.51 

(116) 

C7ILNO4 

o-Nitrobenzoic  acid . 

—  22.2 

(1,  90) 

Na  o-nitrobenzoate . 

16.3 

(l) 

CrELNOi 

ra-Nitrobenzoic  acid . 

-23.4 

(1,  106) 

Na  ra-nitrobenzoate . 

-  4.6 

(1,  106) 

CjHsNO. 

p-Nitrobenzoic  acid . 

-37.2 

(*) 

Na  p-nitrobenzoate . 

-  4.19 

(>) 

CjHeOs 

Salicylaldehyde . 

0.4 

(25) 

CvHeOj 

p-Hydroxybenzaldehyde .  .  .  . 

-20.5 

(25) 

CvHeOr 

Benzoic  acid . 

-27.2 

(9,  108) 

Ca  benzoate . 

19.7 

(9) 

K  benzoate . 

-  6.3 

(9) 

Na  benzoate . 

3.3 

(9) 

NH4  benzoate . 

-  11.3 

(9) 

CtHsO, 

o-Hydroxybenzoic  acid . 

-26.57 

(46) 

Na  o-hvdroxybenzoate . 

-  9.17 

(108) 

ChH.Oa 

m-Hydroxybenzoic  acid . 

-25.86 

(46) 

CyHtO, 

p-Hydroxybenzoic  acid . 

-24.19 

(46) 

77-Hydroxybenzoic  acid 

(HsO) . 

-32.31 

(4  6) 

C-H«Oi 

3,  4-Dihydroxybenzoic  acid 

(H20) . 

17 

-29.7 

(25) 

CrHsOh 

Gallic  acid  (H2O) . 

-29.7 

(25) 

CjHjNOj 

o-Hydroxybenzamide . 

-18.16 

(*) 

Na  o-hydroxybenzamide . 

1.46 

(*) 

CjHjNOa 

m-Hydroxybenzamide . 

-17.41 

(106) 

Na  m-hydroxybenzamide. . .  . 

5.9 

(106) 

C7H7NCH 

p-Hydroxybenzamido . 

-22.56 

(») 

Na  7>-hydroxybenzamide .  .  .  . 

8.0 

(') 

CjH,C1NOj 

m-H  ydroxybenzamide 

hydrochloride . 

-29.3 

(106) 

OjHsO 

o-Cresol . 

-  8.8 

(28) 

CjH.O 

7>-Cresol . 

-  8.8 

(28, 

C;HsO, 

Orcinol . 

-10.9 

(“) 

Orcinol  (H2O) . 

-22.6 

(“) 

CiH.O, 

o-Hydroxybenzyl  alcohol .  .  . . 

-13.4 

(25) 

CjH»0»S 

p-Toluenesulfonic  acid . 

K  7>-toluene8ulfonate . 

-20.9 

(26) 

CtH.N 

Benzylamine . 

10.71 

(58,  87) 

Table  1. — ( Continued ) 


Formula 

Name 

(,  °c  | 

«  I 

Lit.  and  table 
numbers 

CjH«N 

7>-Toluidine . . 

1-18.8 

(7) 

CiH.NOi 

Pyridine  acetate . 

8.069 

c") 

C7H10CIN 

Ben2ylamine  hydrochloride. . 

-16.03 

(87) 

C7H10CIN 

7>-Toluidine  hydrochloride 

-13.60 

(7) 

C7H12O6 

Quinic  acid . 

17 

-12.76 

(”) 

C.HeNiO, 

Alloxantin  (2H2O) . 

-44.4 

(112) 

C»H604 

Phthalic  acid . 

-20.38 

(”) 

Na2  phthalate . 

1.00 

(S7) 

Na2  isophthalate . 

-  3.3 

(57> 

Na?  terephthalate . 

-  2.5 

(57> 

C,H6Ot 

Piperonylic  acid . 

-38.1 

(26) 

CsHsOa 

Anisic  acid . 

-33.1 

(26) 

ChHh03 

Mandelic  acid . 

18 

-12.93 

(26) 

CsH.Os 

Vanillin . 

-21.8 

(26) 

C»H»Oi 

Vanillic  acid . 

14 

-21.59 

(26) 

C»HioN402 

Caffeine . 

-11.47 

(112) 

Caffeine  (H2O) . 

-18.67 

(112) 

C.HnNO. 

Diethyl  cyanomalonate . 

Ba  ethyl  cyanomalonate . 

10.0 

(  9  3  } 

Ba  ethyl  cyanomalonate 

(4H20) . 

-20.5 

(  9  3) 

Na  ethyl  cyanomalonate . 

-  10.9 

(”) 

C»Hl602 

Caprylic  acid . 

0.67 

(108) 

CsHisN 

Diisobutylamine . 

29.50 

(58) 

C»HioO< 

Veratric  acid . 

-25.5 

(26) 

CloHllNOi 

Nitrocumic  acid . . 

Na  nitrocumate . 

-  5.0 

C1) 

C10H12O2 

Cumic  acid . 

Na  cumate . 

15.9 

C) 

C10H15NO3 

Nitrocamphor . 

-  7.5 

(42) 

Hydrated  nitrocamphor 

-11.7 

(42) 

C10H16CI2N2 

Nicotine  dihydrochloride .  . 

27.45 

(58) 

C10H16O2 

Campholenic  acid . 

-13.4 

(34) 

C10H 1 6O4 

Camphoric  acid . 

-  2.1 

(27) 

C10H20O 

Menthol . 

0 

(88) 

CnHtOu 

Mellitic  acid . 

15.36 

(27) 

Cl2Hl0O4 

Piperic  acid . 

-43.9 

(26) 

C12H13CIN2 

Benzidine  hydrochloride . 

-31  .4 

(114) 

Ci2HhC12N2 

Benzidine  dihydrochloride. .  . 

-24.7 

(114) 

C12H16N2O4S 

Aniline  sulfate . 

-19.38 

(29) 

Cl2H20Ol0 

Dextrin . 

-  1.12 

(136) 

C12H22OH 

Lactose . 

10.5 

(96) 

Lactose  (H2O) . 

—  15.5 

(9  6) 

Ci2H220u 

Sucrose . 

23 

-  5.52 

(14,  1  00,  1  22) 

C13H1807 

Salicin . 

18 

-12.26 

(26, 

C14H10N2O4 

m,  ra'-Azobenzoic  acid . 

Na2  rn,  m'-azobenzoate . 

18.4 

(*) 

Na2  p,  p'-azobenzoate . 

-  7.5 

(>) 

C14H10O9 

Tannic  acid . 

(100) 

C17H22N2 

Tetramethyldiaminodi- 

phenylmethane . 

18 

0.25 

(134) 

Cl«H320l6 

Raffinose . 

35.2 

(38) 

Raffinose  (5H2O) . 

-40.6 

(38, 

CmH22N204 

Azocumic  acid . 

Na2  azocumate . 

28.9 

(*) 

CtoHmNjCL 

Hydra  zocumic  acid . 

Na2  hydrazocurnate . 

43.1 

(*) 

CsfiH  62O31 

Inulin . 

-  0.4 

1  (136) 

Table  2. — Heats  of  Solution  of  Binary  Organic  Systems 

d-Table. — <£- Arrangement  (t>.  Vol.  Ill,  p.  viii) 

The  B-component  where  italicized  is  the  solute,  and  otherwise 
is  the  solvent.  Q  is  expressed  in  kilojoules  evolved  per  mole 
solute,  dissolved  in  more  than  one  mole  solvent;  at  room  tem¬ 
perature  where  not  given. 


B-Component 

0 

Lit.  and 

Formula 

Name  (and  temp.,  °C) 

'1  able  No.  * 

CS2 

CCL 

I  Carbon  bisulfide . 

.  |  —  1.76 

I  (127);  3 

C  licit 

Chloroform . 

CH4O 

|  Methvl  alcohol . 

0.67 

1  (127) 

*  The  numbers  not  in  parentheses  are  numbers  of  other  tables  in  this  section 
which  should  be  consulted  for  further  data. 


HEAT  OF  SOLUTION— ORGANIC  SUBSTANCES:  A  CCl,  TO  CH.O  1  •"> ] 


Table  2. — ( Continued ) 


B- Component 

Q 

Lit.  and 

Formula 

Name  (and  temp.,  °C ) 

Table  No.* 

CH.0 

CCI4. — ( Continued 
Methyl  alcohol . 

-  6.7 

(127) 

C2Il4Br2 

Ethylene  bromide . 

3 

C2H4O2 

Acetic  acid . 

-  0.8 

(127) 

CAUOt 

Arctic  ari  l . 

-  1.88 

(127) 

C2H,0 

Etlivl  alcohol . 

0.88 

(127) 

C  tH»0 

Acetone . 

-  1.7 

(127) 

CAW 

Propvl  alcohol . 

0.8 

(127) 

CAUOt 

Ethyl  acetate . 

-  0.29 

(127,  130);  3 

C4IL0O 

Isobutvl  alcohol . 

-  1.3 

(127) 

CAUoO 

Ethyl  ether . 

2.1 

(127) 

CAUN 

Pvridine . 

1.3 

(127) 

CtHiN 

Pyridine . 

-  1.3 

(127) 

CAU 

Benzene . 

-  0.67 

(127);  3 

C.H, 

Benzene . 

-  0.50 

(127);  3,  4 

C.IItN 

Aniline . 

4.52 

(127);3 

CAUN 

Aniline . 

-  8.8 

(127) 

CiHtOt 

Benzoic  aciil . 

—  14.6 

(127) 

cauoz 

Salicylic  acid . 

-11.3 

(127) 

CAU 

Toluene . 

3,4 

C,H,NOt 

Pyridine  acetate . 

-  0.448 

(109) 

CtH,, 

Heptane . 

-  0.71 

(l27) 

CjH  h 

Heptane . 

1.00 

(127) 

CitHtiPt 

Laurie  acid . 

-35.6 

(127) 

Erucic  acid . 

-50.6 

(127) 

cs2 

CHClt 

Chloroform . 

-2.43 

(127)j  3,  4 

C2H4Br2 

Ethylene  bromide . 

3 

CtHtO 

Ethyl  alcohol . 

-  6.7 

(127);  4 

CiHtO 

Acetone . 

-  7.5 

(127);4 

CtHtOi 

Ethyl  acetate . 

-  6.53 

(127);3 

CAUoO 

Ethyl  ether . 

-  4.2 

(127);3 

CAU 

Benzene . 

-2.80 

(127);3,4 

C»Hi*Oj 

Paraldehyde . 

3 

CAU 

Toluene . 

4 

CAU . 

II  eptane . 

-  2.85 

(127) 

CiAUNO* 

Nitronaphthalene . 

-22.68 

(88) 

CioH, 

Naphthalene . 

-20.9 

(88) 

C 1 0  H  u 

Pinene . 

3 

C 1  jll  10  N  t 

.4  zobenzene . 

-20.84 

(88) 

CnH  uN 

Diphenylamine . 

-15.0 

(88) 

CHBr3,  Bromoform 

C,hL 

Toluene . 

1  3 

CHCL,  Chloroform 

CH4O 

Methyl  alcohol . 

4 . 77 

(127);3 

CAUCUO t 

Chloral  hydrate  (22°) . 

-25.07 

( 1 2  2  ) 

CiHsBr, 

Ethylene  bromide . 

3 

c2h4o 

Acetaldehyde . 

3 

c2h4o2 

Acetic  acid . 

2.43 

(127) 

CAUO, 

Acetic  acid . 

2.1 

(127) 

C2H,() 

Ethyl  alcohol . 

6.03 

(127);  3 

CjlleO 

Acetone . 

4.85 

(127);3,  4 

CAUO 

Acetone . 

8.0 

(127,  128) 

CAUNOt 

Urethane  (24°) . 

-19.3 

P«) 

•  The  numbers  not  in  parentheses  are  number*  of  other  tables  in  this  section 
which  should  be  consulted  for  further  data 


Table  2. — (Continued 


B-Com portent  Lit.  tint! 


Formula 

Name  (and  temp.,  < 

0 

Table  No. 

CjH*0 

CHCL.-  ('ontiniuil 
n-Propyl  alcohol . 

4 . 69 

(2  2  7  )  ;  ;j 

C  «H»0, 

Ethyl  acetate 

5.61 

('27);  3 

CtHtOt 

Ethyl  acetate . 

9.08 

(1  27  j 

f  4H10O 

Ethyl  ether . 

8.41 

(*27);  3 

CAUoO 

Ethyl  ether . 

8.8 

(,27);  4 

C4II  roO 

Isobutyl  alcohol 

3 

C6H6N 

Pyridine . 

6.19 

(127) 

CAUN 

Pyridine . 

7.70 

(127) 

CjHijO 

Isoamyl  alcohol . 

3 

CAUCl 

Chlorobenzene . 

3 

CAUNO* 

o-Nitro  phenol . 

-  17.03 

(88) 

CAU 

Benzene . 

1.00 

(* 2 7 ) ;  3 

CAU 

Benzene . 

1.80 

(127,  130)- 

3,  4 
(,27) 

CtHtO 

Phenol . 

-16.7 

C6H7N 

Aniline . 

0 

(127) 

C1H1N 

Aniline . 

1.3 

027) 

C*H  10 

Cyclohexene . 

3 

CtHu 

C  ydohexane . 

3 

c6h12o3 

Paraldehyde . 

3 

C-.HtOi 

Benzoic  acid . 

-13.4 

(127) 

CAU 

Toluene . 

3 

C:HtN 

p-Toluidine  (23°) . 

-14.61 

(122) 

O2 

Pyridine  acetate . 

5.047 

(109) 

C7H,  6 

Heptane . 

3.06 

(127) 

CAUNO 

Acetanilide  (25°) . 

-18.4 

( 1  22  ) 

CtH,  o 

p-X  xylene . 

3 

C,Hm 

Octane . 

-  2.34 

(127) 

Cu>H7NOt 

Nitronaphthalene . 

-17.45 

(88) 

C  iAU 

Naphthalene  (23°) . 

-16.11 

(122) 

C\Al  10 

Acenaphthene  (21°) . 

-18.8 

(122) 

CjlleO 

CH4NjO,  Urea 
Ethyl  alcohol  (24°) . 

-15.11  1  (»22) 

c2h4o2 

CH202,  Formic  acid 

Acetic  acid . !  ,3 

CAUO, 

CH40,  Methyl  alcohol 

Oxalic  acid .  —  3.64 

(126) 

CAUO 4 

Oxalic  acid  (2IUO) 

-21 .8 

(126) 

c2h4o2 

Acetic  acid . 

0 

(I27) 

CAUOt 

Acetic  acid . 

0.79 

(I27) 

CAUO 

Ethyl  alcohol . 

3,  4 

CAUO 

Acetone . 

-  2  09 

('  2  7);  3 

CzHiNOi 

Urethane  (24°) . 

-  IS. 20 

(122) 

CjHgO 

n-Propyl  alcohol .  .  .  . 

3,  4 

CjHgO 

Isopropyl  alcohol . 

3 

C4H,02 

Ethyl  acetate . 

-  5.44 

(127) 

CAUOt 

Ethxjl  acetate . 

-  3.10 

(' 27) 

CAUoO 

Ethyl  ether . 

2.5 

(127);  3 

C4H,oO 

Isobutyl  alcohol . 

3 

c6h,n 

Pvridine . 

2.30 

(127) 

CAUN 

Pyridine . 

4.19 

(127) 

CAUtO 

Isoamx/l  alcohol . 

3 

CtHtNO, 

o-Nitro  phenol . 

-20.1 

(,27) 

CAU 

Benzene . 

—  11.7 

(127) 

CAU 

1  Benzene . 

-  1  51 

(' 2 7);  4 

CAUOt 

1  Resorcinol . 

0.84 

(I27) 
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Table  2. —  (Continued) 


B-Component 

Q 

Lit.  and 
Table  No.* 

Formula 

Name  (and  temp.,°C) 

C  H  4  0 . —  ( Continued ) 

Cr.ILN 

Aniline . 

0.08 

(127);  3 

CJJiN 

Aniline . 

2.85 

(127) 

CiIhNO, 

o-Nitrobenzoic  acid . 

-17.2 

(127) 

CtHiNOa 

m-Nitrobenzoic  acid . 

-15.1 

(l27) 

C-iHeOt 

Benzoic  acid  (13°) . 

-12.1 

(126,  127) 

CtU  c>0$ 

Salicylic  acid . 

-13.0 

(126,  127) 

(  ill  ({Jz 

m-H ydroxybenzoic  acid.  . .  . 

-  8.79 

(127) 

CJCNOi 

o-Aminobenzoic  acid . 

-12.6 

(127) 

C7H7N03 

m-Aminobenzoic  acid . 

-19.7 

(127) 

CyHiNOt 

p-Aminobenzoic  acid . 

-  9.21 

0  27) 

c7h8 

Toluene . 

-4.60 

(127) 

C7II  ,6 

Heptane . 

-9.63 

(127) 

C,Hh 

Heptane . 

-  4.65 

(127) 

CsH.NO 

Acetanilide  (24°) . 

-18.8 

(122) 

C.H  %Oi 

Cinnamic  acid  (13°) . 

-15.9 

0  26) 

C 10  fl  ft 

Naphthalene  (24°) . 

-17.70 

(122) 

CnH  io 

Acenaphthene  (24°) . 

-25.9 

(122) 

C 12  H  24O2 

Laurie  acid . 

-41.4 

(127) 

CuHmOi 

Myristic.  add . 

-51.06 

(127) 

C  \t,H  330  2 

Palmitic  add . 

-61.52 

(127) 

CltHx  6 

Triphenylmethane . 

-24.6 

(127) 

C2H204,  Oxalic  acic 

C2HcO 

Ethyl  alcohol . 

-  5.31 

(126) 

c3h8o 

Propyl  alcohol . 

-  7.87 

(126) 

C2H204.2H20,  Oxalic  acid 

c2h6o 

Ethyl  alcohol . 

-23.4 

(126) 

c3h8o 

Propyl  alcohol . 

-27.6 

(126) 

C2H3C1302,  Chloral  hydrate 

c2h6o 

Ethyl  alcohol  (24°) . 

-4.73 

(88,  122) 

c3h6o 

Acetone . 

-2.89 

(88) 

c4h10o 

Ethyl  ether . 

0 

(88) 

c7h8 

Toluene  (24°) . 

-31.4 

(122) 

C2H.iBr2,  Ethylene  bromide 

CtH<Clt 

Ethylene  chloride . 

3 

c2h4o2 

Acetic  acid . 

5 

C2H  402 

Acetic  add . 

5 

CsHsCl 

Chlorobenzene . 

3 

CiH* 

Benzene . 

3 

CsH  10 

Cyclohexene . 

3 

cv/,2 

Cyclohexane . 

3 

CtH  M 

n-Hexane . 

3 

c7h3 

Toluene . 

3 

C3H  10 

p-X  ylene . 

3 

c9//,2 

Mesitylene . 

3 

Clo//,4 

p-Cymene . 

3 

C2H4C12,  Ethylene  chloride 

CJh 

Benzene . 

3 

C7lh 

Toluene . 

3 

C2H,0,  Acetaldehyde 

C2H,0 

Ethyl  alcohol . 

3 

CtIIi0O 

Ethyl  ether . 

3 

C2Hi02,  Acetic  acid 

C5I I  r.O 

Ethyl  alcohol . 

-  1.05 

(7) 

C2//oO 

Ethyl  alcohol . 

-  2.01 

(127) 

CjH«0 

Acetone . 

[  88 

('12  7') 

C3IhO 

Acetone . 

0.84 

(12  7) 

C)H(Oi 

Lactic  acid . 

3 

c5h8o 

!  Propyl  alcohol . 

-  1.42 

(127) 

*  The  numbers  not  in  parentheses  are  numbers  of  other  tables  in  this  section 
which  should  be  consulted  for  further  data. 


Table  2. —  (Continued) 

B-Component 

Formula 

Name  (and  temp.,  °C) 

Q  ! 

Table  No  * 

C  2H  ,0  2. — ( Continued ) 

c3//8o 

Propyl  alcohol . 1 

-  3.06 

(127) 

C  4  H  sO  2 

Isobutyric  acid . 

3 

c4tf802 

Ethyl  acetate . 

0.54 

(127) 

C4H10O 

Ethyl  ether . 

1.67 

(127) 

C4H10O 

Isobutyl  alcohol . 

-  2.76 

(127) 

C  oH  bN 

Pyridine . 

27.2 

(127) 

C6H6 

Benzene . 

-  1.88 

(127);  5 

CJL 

Benzene . 

-  2.26 

0 27);  3,  4,  5 

CeHeO 

Phenol . 

-10.00 

(88) 

C  r,H  12 

Cyclohexane . 

3 

CJLN 

Aniline . 

28.9 

(127) 

c7h8 

Toluene . 

-  1.3 

(L  127);  3 

C7H 1 6 

Heptane . 

-  5.40 

(127) 

C’jo//8 

Naphthalene . ■ 

-17.45  1 

(88) 

C2H5NO,  Acetamide 

C2I160  1  Ethyl  alcohol  (23°) . 

-15.11  | 

(122) 

C2H80,  Ethyl  alcohol 

c3h6o 

Acetone . 

-  5.11 

(127J;  3 

CJLNO2 

Urethane  (24°)  . 

-19,80 

(122) 

c3h8o 

n-Propyl  alcohol . 

3,  4 

c3hso3 

Glycerol  (24°) . 

-  3.18 

(65) 

CJhNCL 

Sucdnimide  (22°) . 

-22.85 

(122) 

c4h8o2 

Ethyl  acetate . 

-  7.53 

(127) 

c4hso2 

Ethyl  acetate . 

-  4.81 

(127);  3 

C4H,oO 

Ethyl  ether . 

-  3.8 

(127);  3 

c4h10o 

Isobutyl  alcohol . 

3 

c6h„n 

Pyridine . 

0.54 

(127) 

CsHhN 

Pyridine . 

2.26 

(127) 

C5H12O 

Isoamvl  alcohol . 

3 

C  oil  4iV 2O4 

m-Dinitrobenzene . 

-17.66 

(88) 

CeHe 

Benzene . 

-16.7 

027);  4 

c6h6 

Benzene . 

-  1.51 

0 2 7) ;  3,  5 

CeHtO 

Phenol . 

-  2.5 

I  88,  127) 

CtH3Oi 

Resorcinol  (23°) . 

2.89 

(88,  122, 

127) 

C<sH303 

Pyrogallol . 

3.60 

(88) 

CJLN 

Aniline . 

-  2.26 

(127) 

C3HiN 

Aniline . 

1.00 

(127) 

C*H307 

Citric  add . 

-17.87 

(88) 

CiHnOtP 

Triethyl  phosphate . 

-  0.8 

(52) 

C7H6NO< 

m-Nitrobenzoic  add . 

-12.1 

(127) 

c7h3o3 

Benzoic  add . 

-12.6 

(126, 127) 

c7h3o3 

Salicylic  add . 

-11.3 

(126,  12  7) 

c7h3o3 

m-H  ydroxybenzoic  add . .  .  . 

-  6.70 

(127) 

c7h7no 

Benzamide  (24°) . 

-17.74 

(122) 

c7h7no3 

o-Aminobenzoic  add . 

-11.3 

(127) 

c7ii7no3 

m-Aminobenzoic  cu-id . 

-18.4 

l1  2  7) 

c7ii7no3 

p-Aminobenzoic  add . 

—  7.53 

(127) 

c7h3n 

p-Toluidine  (24°) . 

-15.28 

(122) 

C7HI6 

Heptane . 

-  3.3 

(127) 

C7Hl3 

Heptane . 

-  2.64 

(127) 

CsH.NO 

Acetanilide  (23°) . 

-17.6 

(122) 

C.HsO 2 

Cinnamic  add . 

—  15.5 

(126) 

Cl0Hs 

Naphthalene  (24°) . 

-20.34 

(88,  122-, 

127) 

C 10H  i40 

Thymol . 

-  8.79 

(88) 

c10h20o 

Menthol . 

-  7.91 

(88) 

C 1 3H 10 

Acenaphthene  (24°) . 

1-24.7 

(122) 
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Table  2. — (Continued 


B-Component 

Q 

Lit.  and 
Table  No.* 

Formula 

Name  (and  temp.,  °C) 

C  _H  r  0 . — ( Contin  ued ) 

C  nit  io 

Diphenyl . 

-17.79 

(88) 

Cnll \t>N  j 

Azobenzene . 

-21.97 

(88) 

CnHuOt 

Laurie  acid . 

—  40.6 

(127) 

Phenanthrene  (24°) . 

-18.04 

(122) 

C22//420  2 

Erucic  acid . 

-56.08 

(127) 

C  H.,0,  Acetone 

CJDNOt 

Urethane . 

-15.86  1 

(88) 

CjlLO 

Isopropyl  alcohol . 

(112.5) 

CJhOt 

Ethyl  acetate . 

-  0.63 

(127);  3 

CtHwO 

Ethyl  ether . 

3 

C.IUCIO 

o-Chlorophenol . 

4 

C«H« 

Benzene . 

-  1.3 

(127) 

CtHt 

Benzene . 

-1.09 

(127) 

CJhO 

Phenol . 

-0.59 

(88) 

Cs/ZaOj 

Resorcinol . 

4.19 

(127) 

CtHtOi 

Pyrogallol . 

5.82 

(88) 

CtHiN 

A  niline . ! 

5.44 

(127) 

CtHtOi 

Citric  acid . 

-13.4 

(88) 

C7//o02 

Benzoic  acid . [ 

-12.1 

(127) 

CjffiO, 

Salicylic  acid . 

-10.9 

(127) 

CiHtNOt 

Pyridine  acetate . 

-  1.385 

(109) 

CiH  i6 

Heptane . 

-  7.20 

(127) 

CxoHjNOt 

Nitronaphthalene . 

-29.17 

(88) 

C,o//a 

Naphthalene . 

-18.29 

(88) 

C^lhN 

a-N  aphthylarnine . 

-10.84 

(88) 

Cu>IhN 

fi-Naphth  ylarnine . 

-15.61 

(88) 

('nil  io 

Diphenyl . 

-18.71 

(88) 

C 12^  10 A  2 

Azobenzene . 

-23.10 

(88) 

C  nH  1 1  A' 

Diphenylamine . 

-13.52 

(88) 

c„//«o. 

Erucic  acid . 

-63.6 

(127) 

CjH«02,  Methyl  acetate 

C,//8Oj 

Ethyl  acetate . 

13,4 

CtlU 

Benzene . 

|4 

C,H:N02)  Urethane 

C,H,0 

Propyl  alcohol  (25°) . 

-25.32 

1  (122) 

CtH, 

Toluene  (23°) . 

-26.8 

I  (122) 

C  iH80,  n-Propyl  alcohol 

CJhO, 

|  Ethyl  acetate . 

-  5.48 

|  (127);3 

CiHnO 

Ethyl  ether . 

3 

C4II,„0 

Isobutyl  alcohol . 

3 

c6hsn 

Pyridine . 

0.17 

(127) 

Call  ijO 

Isoamvl  alcohol . 

3 

Cell, 

Benzene . 

-14.6 

(127) 

ctn<, 

Benzene . 

-  2.26 

!  (127);  4 

(\IhOt 

Resorcinol . 

-  0.84 

1  (127) 

(\H-N 

A  niline . 

-  1.51 

|  (127);  3 

C,HiNOt 

o-Nitrobenzoic  acid . 

-20.9 

(127) 

CilUOt 

Benzoic  acid . 

-14.2 

(126,  127) 

CilhO, 

Salicylic  acid . 

-13.8 

(126,  127) 

c7h,« 

Heptane . 

-  9.21 

(127) 

C7//  le 

Heptane . 

1  63 

1  (127) 

c,//8o, 

Cinnamic  acid  (13°).  ... 

-15.9 

(126) 

C,o//8 

Naphthalene . 

-20.5 

(122,  127) 

Cnlln 

Acenaphthene  (13°). .  . 

-28.50 

(1  22) 

CttHuOt 

Laurie  acid . 

-  io  2 

(127) 

•  The  numbers  not  in  parentheses  are  numbers  of  other  tables  in  this  section 
jrhich  should  be  consulted  for  further  data 


Table  2. —  ( Continued ) 


B- Component  .  .  , 

Lit .  ami 


Formula 

Name  (and  temp.,  °C) 

Q 

Table  No. 

C4H8C1,02,  Ethyl  trichloroaeetate 

c4//8o2 

Eth yl  acetate . 

3 

C4H>0:,  Ethyl  acetate 

C<HwO 

Ethyl  ether . 

3,  4 

C4H10O 

Isobutyl  alcohol.  . 

-  6.70 

(»27);  3 

CJUN 

Pyridine . 

-  0.25 

(127) 

c6h12o 

Isoamvl  alcohol . 

3 

CtHtNtOt 

m- Dinitrobenzene . 

14.790 

(56) 

c.h8 

Benzene . 

—  0.67 

(127);3 

CtH  t 

Benzene . 

-  0.59 

(127);  4 

CtHtOi 

Resorcinol . 

1 .3 

127, 

CJDN 

Aniline . 

3.01 

(,27) 

c,h12o2 

Amyl  formate . 

3 

CiHtNOt 

o-Nitrobenzoic  acid . 

-13.4 

(>27) 

C7//s02 

Benzoic  acid . 

-13.0 

(127) 

CiHtOz 

Salicylic  acid . 

-8.37 

(i 27) 

CilhOz 

m-H  ydroxybenzoic  acid .... 

-  7.95 

(,27) 

CiHtNOt 

Pyridine  acetate . 

-  0.988 

(109) 

C7Hi<02 

Amyl  acetate . 

3,  4 

C7Hl8 

Heptane . 

-  5.06 

(127) 

CiHXt 

Heptane . 

-  5.61 

(127) 

C9II10O2 

Ethyl  benzoate . 

3 

C10//8 

Naphthalene . 

-17.2 

(127) 

C 1 2//2402 

Laurie  acid . 

-41.0 

(127) 

C  22H  42O2 

Erucic  acid . 

-56.5 

(127) 

C4H9CI,  Isobutyl  chloride 

CUhN 

Pyridine . 

1.3 

(127) 

CtHz 

Benzene . 

-  0.96 

(127) 

CiHlt 

Heptane . 

-  2.01 

(127) 

C4H10O,  Ethyl  ether 

CtHwO 

Isobutyl  alcohol . 

3 

C8H6N 

Pyridine . 

-  0.84 

O27) 

c6hi2o 

Isoamyl  alcohol . 

3 

CeHtN2Ot 

m- Dinitrobenzene . 

-22.64 

(88) 

CtlhNOz 

!  o-Nitrophcnol . 

-17.6 

(88) 

C  ,H« 

Benzene . 

-  0.42 

('27);4 

CtlUO 

Phenol . 

-  0.36 

(88) 

CtHt03 

Pyrogallol . 

-  1.7 

(88) 

CtHiN 

Aniline . 

3 

CtHnOz 

Paraldehyde . 

3 

CiHtO 2 

Benzoic  acid . 

-10.0 

(I27) 

CwHiNOi 

Nitronaphthalene . 

-24.20 

(88) 

CwHt 

Naphthalene . 

-20.30 

(88) 

CxoIIuO 

Thymol . 

-  4.48 

,88) 

Ci0H10O 

Menthol . 

-19.29 

(88) 

CxtHxoNt 

Azobenzene . 

—  20.67 

(88> 

C„HnN 

Diphenylamine . 

-14.6 

1  t88) 

C4H10O,  Isobutyl  alcohol 

CtHitO 

Isoamyl  alcohol . 

1  3 

CUD 

Benzene . 

-  3.18 

(127) 

CiHxt 

Heptane . 

-  1.7 

|  (,27) 

CsHjN,  Pyridine 

C.IUCIO 

o-Chlorophenol . 

1  4 

CtlhNOt 

o-Nitrophcnol . 

-10.0 

(127) 

Ctlh 

Benzene . 

0 

(127) 

CtlhO 

Phenol . 

7.11 

(127) 

CtlUOt 

Resorcinol . 

20.9 

(127) 

CiHtO 

o-Cresol . 

4 

CiHtO 

nxnCrcsol . 

1  4 
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Table  2.  —  (Continued 


B'Component 

Lit. 

Table 

Formula 

Name  (and  temp.,  °C) 

Q 

(  'ft  JI  |  2^)2 

C5H10O2,  Propyl  acetate 
Amyl  formate . 1 

|3 

C*H  10 

C;,Hi20,  Amyl  alcohol 
p-Xylene . 

|4 

(all  6 

C  H :  jO,  Isoamyl  alcohol 

Benzene . 1  — 

2.9 

(127) 

CV/ie 

Heptane . |  — 

1.3 

(*27) 

CoHiNjO.1,  »z-Dinitrobenzene 
Colic  |  Benzene . |  —  15. 86  |  (88) 


Cr,H;,Br,  Bromobenzene 


C.H.C! 

Chlorobenzene . 

3 

C0H0 

Benzene . | 

CeHoCl,  Chlorobenzene 

3 

Colic 

Benzene . 

(121) 

CgH  10 

p-X  ylene . 

CoHsClO,  o-Chlorophe 

nol 

3 

CsHnN 

Dimeth  ylaniline . 

4 

C,H7N 

Quinoline . | 

CoHsNOs,  Nitrobenzene 

4 

CJHN 

Aniline . 

3 

C7H9N 

o-Toluidine . 

3 

c8h„n 

Dimethylaniline . 

3 

C$H  11 N 

Ethylaniline . 

3 

CioHuN 

Diethylaniline . 

CoHoNOs,  o-Nitrophe 

nol 

3 

CoHo 

Benzene . 

-20.9 

(88,  127) 

CrHuO* 

Isoamyl  acetate . 

CoHo,  Benzene 

-14.73  I  (88) 

CsHoO 

Phenol . 

-18.41 

(88,  127) 

CeHtOt 

Resorcinol . 

-15.78 

(88) 

C«H7N 

Anihne . 

-  2.51 

(127) 

CsH;N 

Aniline . 

-  4.85 

(127) 

CoH  12 

Cyclohexane . 

3 

C\H  14 

n-Hexane . 

3 

C7f/60s 

Benzoic  acid . 

-14.2 

(127) 

C7Ho03 

Salicylic  acid . 

-23.9 

(127) 

c7h8 

Toluene . 

3,  4 

C7HsO 

m-C  resol . 

3 

CiH.NOi 

Pyridine  acetate . 

-  0.866 

(109) 

C7H,6 

Heptane . 

-  2.89 

(127) 

CtH  1 6 

Heptane . 

-  4.39 

(!27) 

CsHio 

w-Xylene . 

3 

C8HI8 

Octane . 

-  2.9 

0  2  7) 

CuHiNOt 

Nitrnnaphthalene . 

-22.52 

(88) 

CioHg 

Naphthalene . 

-18.50 

(88,  127  1 

CioHnO 

Thymol . 

-23.8 

(88,  127) 

CnHn 

Pinene . 

3 

C 10  //  20^ 

Menthol . 

-28.0 

(88) 

C»H  10 

Diphenyl . 

-18.0 

(S8) 

C  is  H  \oN  s 

Azobenzene . 

-21.18 

(8S) 

CxJIuN 

Diphenylamine . 

-16.99 

(88) 

CttHuOt 

Laurie  acid . 

-40.6 

( 1  2  7  ) 

C  liHlnO? 

Myristic  acid . 

-50.2 

027) 

CuH^Ot 

Palmitic  acid . 

-59.0 

O27) 

C»H  u 

Triphenylm  ethane . 

-17.6 

027) 

CnHttOi 

Erucic  acid . 

1-56.5 

1  (127) 

*  The  numbers  not  in  parentheses  are  numbers  of  other  tables  in  this  section 
which  should  be  consulted  for  further  data. 


Table  2. — ( Continued ) 


B-Component 

Lit.  and 
Table  No.* 

Formula 

1 

Name  (and  temp.,  °C) 

Q 

Cel  I7N 

C,;HgO,  Phenol 

Aniline . 

003) 

CcILN 

C.Hf.O.i,  Pyrogallol 

Aniline . 

11.51 

(8S) 

CyHuOs 

Amyl  acetate . 

0 

(88) 

C «// 1 4 

CcH7N,  Aniline 

Hexane . 

(99) 

C7H  ig 

Heptane . 

—  10.17 

(127) 

CHE  0 

p-X  ylene . 

4 

C  iqHtN  O2 

Nitronaphthalene . 

-17.54 

(88) 

C 

Naphthalene . 

-19.80 

(88) 

C  $H  14 

C.His,  Cyclohexam 

n-Hexane . 

3 

C7H8 

Toluene . 

3 

0 

00 

K 

0 

p-Xylene . 

3 

C7II8 

C7H602,  Benzoic  acid 

Toluene . 1—14.2 

(127) 

c7h8o 

C7Hs,  Toluene 

w-Cresol . 

3 

c7h16 

Heptane . 

-2.26 

(127) 

c8h10 

p-Xylene . 

3 

C 10H  a 

Naphthalene  (23°) . 

-17.87 

O22) 

C12H 10 

Acenaphthene(23°) . 

-20.05 

O22) 

C 12H  24C2 

Laurie  acid . 

-38.1 

(127) 

C19Hn 

Triphenylmethane . 

-17.2 

(127) 

C7H9N 

C7H80,  w-Cresol 
o-Toluidine . 

3 

CsHnN 

Dimethylaniline . 

3 

c10h7xo2 

CiHhOj,  Amyl  aceta 
Nitronaphthalene . 

te 

-18.75 

(88) 

C  is  H 10X2 

Azobenzene . 

-20.67 

(88) 

cI2x„x 

Diphemjlamine . 

-14.86 

(88) 

c8h10 

CsHio,  o-Xylenc 
m-Xylene . 

3 

CsH\ 0 

p-Xylene . 

3 

c8h10 

CsHt0,  m-Xylene 
p-Xvlene . 

3 

c8h„n 

Dimethylaniline . 

3 

Table  3 


The  concentration  is  expressed  by  £a,  the  mole  fraction  of  the  A- 
component  in  the  mixture.  Q  is  expressed  in  kilojoules  evolved 
per  mole  mixture.  The  temperature  is  between  15  and  20°  unless 
otherwise  indicated. 


h2o 

B  =  CoHoO  (Si) 

Ethyl  alcohol 


TA, 

t 

Q 

0 

.  640  I 

77° 

-0. 

078 

n 

.  843 

O 

<M 

05 

D- 

+  0. 

159 

B  =  C2Hf,02  (119) 
Glycol 
a'A  |  Q 
t  =17° 


B  =  C.HoO..- 
(Continued) 


t  =  32° 


0 

1 

0 

175 

0 

1 

0 

147 

0 

1 

0 

136 

0 

2 

0 

349 

0 

2 

0 

295 

0 

2 

0 

271 

0 

3 

0 

423 

0 

3 

0 

357 

0 

3 

0 

328 

B  =  C.HrO..— 
( Continued ) 


XA 

Q 

XA 

Q 

0.4 

0.6349 

0.4 

0.5311 

0.5 

0.7286 

0.5 

0.6148 

0.6 

0  7713 

0.6 

0 . 6696 

0.7 

0.7433 

0.7 

0  6725 

0.8 

0.7110 

0.8 

0 . 6457 

0.9 

0.519 

0.9 

0.429 

t  =  55° 


heat  of  solution  organic  substances  table  3 


155 


B  C7H,,02.— 
( Continued ) 


xa 

Q 

0 

4 

0 

4838 

0 

5 

0 

5574 

0 

6 

0 

6056 

0 

7 

0 

6211 

0 

8 

0 

5867 

0 

9 

0 

397 

t  = 

76° 

0 

1 

0 

136 

0 

2 

0 

271 

0 

3 

0 

329 

0 

4 

0 

4708 

0 

5 

0 

5311 

0 

6 

0 

.5604 

0 

7 

0 

.5796 

0 

8 

0 

.5679 

0 

9 

0 

.371 

B  =  C ,Bf,— (Coni 'h 

Q 

-0.110 
—  0.111 


xa 

0.443 
0.507 
0.538 
0 . 636 
0  764 


-0.106 

-0.008 

-0.072 


B  =  C,-,H7N  (94) 
Aniline 
t  =  25° 


ecu 

B  =  CS2  (94.1) 
l  =  25° 

0.0934  -0.127 

0.1425  -0.180 

0.2838  -0.276 

0.4001  -0.307 

0.5393  -0.311 

0.6693  -0.264 

0.8153  -0.179 

B  =  CHCL  (94.1) 


0.0942 
0. lsis 
0 . 3005 
0.4152 
0  4827 
(i  5504 
0.6215 
0.7175 
0 . 7888 
()  8627 
0  9092 


-0.408 
-0.707 
-0.991 
-1.181 
-1.218 
1  245 
- 1 . 209 
1  1 29 
-  1  030 
-0.787 
-0.623 


B  =  C,H„,0.— 

( Continued !) 
xa  Q 

0.7305  -0.397 

0.7703  -0.358 

0,9246  -0.157 

B  =  C„H,  (94.1, 
118; 

t  =  25° 

0.2020  -0.338 

0.5224  -0.565 

0.6229  -0.541 

0.7259  -0.465 

0.8384  -0.339 

0,9025  -0.227 

B  =  C.H.-Oj  (94.1) 
Paraldehyde 
t  =  25° 


B  =  C7H8  (S) 
Toluene 

0.216  0.0150 

0.327  0.0193 


0.475 


0.2578 


CS2 

B  =  CHCL  (94.1) 
t  =  25° 


t  = 

O 

iO 

0.1897 

-0  313 

0.1150 

-0.103 

0  3492 

-0.474 

0 . 2428 

-0.176 

0 . 4046 

-0.513 

0.3623 

-0.219 

0 . 5906 

-0.534 

0.4331 

-0.228 

0 . 6720 

-0.502 

0.5411 

-0.226 

0.8193 

-0.352 

0 . 7295 

-0.185 

0.9351 

-0.143 

0.8178 

-0. 146 

B  =  C2H ,Br>  (94.1 

B  =  C,H,Br2  (94.1) 

Ethylene  bromide 
t  =  25° 

0.1146  -0.198 


0.2817 
0  3733 
0 . 4S35 
0 . 5404 
0 . 7565 
0 . 8455 


-0.406 
o  472 
-0.509 
-0  511 
(i  til 
-0.274 


Ethylene  bromide 
'  t  =  25° 
0.1607  -0.378 

0.3728  -0.693 

0.5184  -0.788 


0 . 5683 
0 . 8300 
0  9206 


-0.792 

-0.621 

-0.280 


B  =  C,H„0,  (5i) 
Ethyl  acetate 
t  =  74.8° 
0.308  -0.259 

B  =  C„H6  (94.1) 

t  =  25° 

0.2996  I  —0.091 


B  =  CJECE  (94.1) 
Ethvl  acetate 


0 . 3506 
0.5012 
0.6177 
0  7309 
0 . 8675 

0  033 
0  256 


(5> 


-0.106 
-0.107 
0  104 
-0.089 
-0.054 

) 

-0.013 
-0  086 


t  = 

25° 

0. 

2199 

-0. 

729 

0. 

4690 

-1 

123 

0. 

5249 

-1- 

145 

0 

.6522 

1  -1 

.112 

0 

.7578 

-0 

.  946 

0 

,8119 

-0 

.821 

0 

.9130 

-0 

.  468 

B  =  C,H,, O  (94.1) 
Ethyl  ether 
t  =  25° 


0.1462 
it  3571 
0.4167 
0  6014 


-0.200 
-0  896 
-0.436 
-0  456 


B  =  C;H,0  (94.1) 
Acetaldehyde 


t  = 
0.2125 
0.2562 
0.3833 
0.4144 
0 . 4348 
0  5787 
0 . 6759 
0 . 7226 


0.652 
0 . 782 
1  .058 
1.109 
1.121 


.208 

.133 


1.076 


B  =  C;H, O  (94.1) 
Ethyl  alcohol 
t  =  25° 


0 . 2974 

-0.959 

0.3908 

-1.126 

0 . 5498 

-1.268 

0 . 6365 

-1.250 

0.6972 

-1.193 

0 . 8243 

-0.916 

0.9082 

-0.580 

B  =  C10H16  (94.1) 
Pinene 
t  =  25° 


0 . 2845 

-0.264 

0.4719 

-0.367 

0 . 6532 

-0.379 

0 . 7353 

-0.353 

0.7976 

-0.318 

0 . 8998 

-0.200 

0 . 9585 

-0.095 

0.1216 
0.1765 
0.3175 
0.3777 
0 . 4770 
0.5716 
0 . 7470 
0 . 8350 
0.9412 


0.50S 
0.644 
0.624 
0 . 489 
0.246 
+0 . 009 
-0.365 
-0.457 
-0.387 


B  =  C,H,„0  (94.1) 
Ethyl  ether 
xa  |  Q 
t  =  25° 

0.1819  1.445 

0.3627  2.405 

0.4805  2.701 

0.5031  2.708 

0.5243  2.714 

0.5841  2.599 

0 . 6563  2 . 402 

0,7516  1.915 

B  =  C,H,nO  (94-1) 
Isobutyl  alcohol 
t  =  25° 


B  =  C,H,20,  (94.1 
Paraldehyde 
xa  Q 

t  =  25° 


CHBr3 

B  =  C7H„  (5) 
Toluene 


0.067 


0.082 


B  =  C3Ht,0  (51) 
Acetone 
XA  t  Q 

0.262  57°  1.214 

0 . 359  59°  1 . 569 

0.614  |  62°  1.544 

Xa  Q 

t  =  25°  (94.1) 
0.2481  i  1.167 
0.3967  1.715 

0.4578  1  1.868 

0.5004  J  1.921 
0.5476  1.973 

0.6486  j  1.900 
0.6981  1.775 

0 . 7558  1 . 573 

0.9808  ,  0.159 


0 . 0586 
0 . 0822 
0.1980 
0 . 2804 
0.5146 
0.6103 
0 . 8225 
0 . 9502 


0 . 080 
+0.089 
-0.015 
-0.214 
-0.743 
-0.873 
-0.882 
-0.455 


B  =  C6Hl20  (94.1) 
Isoamyl  alcohol 
t  =  25° 


0 . 2406 

1.349 

0 . 3982 

1  .  OKS 

0.4981 

2.231 

0.5916 

2.311 

0 . 6996 

2.142 

0.8519 

1  .373 

0 . 9428 

0.611 

B  = 

C7H.s  (5) 

Toluene 

0.075 

0.184 

0 . 260 

0 . 5374 

B  = 

C,H,„  (5) 

p-Xylene 

0 . 097 

0 . 285 

0 . 298 

0 . 720 

0 . 425 

0.875 

it  190 

0.912 

0.772 

0.672 

0.856 

0.473 

0.0129 
0 . 0789 


0.102 

0.157 


0.1972  i  +0.144 
0.3742  -0.139 


0 . 4590 
0.5793 
0 . 7986 
0 . 9402 


-0.336 

-0.556 

-0.752 

-0.483 


B  =  C«H»C1  (5) 


0.204 
0.339 
0 . 4344 
0.561 


0.102 

0.149 

0.168 

0.1753 


B  =  C6H,  (5) 


CH.O-. 

Formic  acid 
B  =  C2H,02  (loi, 

1  04) 

Acetic  acid 
0,50  0.303 

CH,0 

Methyl  alcohol 
B  =  C2HoO  (94.1) 
Ethyl  alcohol 
t  =  25* 

0.4421  -0.003 

0.6110  -0.008 
0,7082  -0.000 

B  =  C,H60  (94-1) 


u . 

0.444 

U  .  Z-iO 

0 . 326 

B  =  C3HsO  (94.1) 

0.067 

0 . 230 

0.063 

0.193 

Acetone 
t  =  25° 

0.780 

0.223 

n-Propyl  alcohol 

0.340 

0.268 

0.2426 

-0  541 

0 . 940 

0.075 

t  = 

25° 

0.584 

0.360 

0.4244 

-0.686 

CHCL, 

0.0486 

0.212 

0.737 

0.306 

0.5163 

-0.671 

B  =  CH 

.O  (94.1) 

0 . 1640 

0.415 

0 . 850 

0.201 

0 . 5966 

-0.635 

Methvl  alcohol 

0.2794 

0.342 

t  =  25 

°  |  94.1  ) 

0.6014 

-  0 . 632 

0. 1154 

25° 

0.3399 

+0 . 244 

0.1461 

0.197 

0.6870 

—  0 . 556 

0.434 

0.5011 

-0.131 

0.3115 

0.324 

0.8067 

-0.387 

0.2041 

0 . 594 

0  5123 

-0.151 

0.4584 

0.401 

0.9315 

-0.149 

0.3001 

0  607 

0.6823 

-0.516 

0.5601 

0.424 

B  =  C,HhO  (94.1) 

0.4715 

+0 . 349 

0.7411 

-0.587 

0.7572 

0 . 360 

n- Propyl  alcohol 

0 . 6345 

-0.014 

0.8347 

—0 . 637 

0.8681 

0 . 239 

l  = 

25® 

0  0645 

-0.080 

0 . 9359 

-0.449 

B  =  C,H,„  (5) 

0.4451 

-0.091 

0 . 8042 

-0.314 

B  =  CJECE  (94.1) 

Cyclohexene 

0.6666 

-0.097 

0.9141 

-0.393 

Ethvl  acetate 

0.100 

0.0410 

0 . 7962 

-0.074 

B  =  C.H,Br2  (94.1) 

t  = 

25° 

0.290 

0.525 

0.0891 

0. 1096 

B  =  CjH,0  (>0». 

Ethylem 
t  = 

’  bromide 
25° 

0.2145 

0.3766 

1  . 109 

104) 

1.748 

B  =  CSH„  (5) 

Isopropyl  alcohol 

0.2991 

0.087 

0.4581 

1.967 

Cyclohexane 

2.4  <  1 

0 

0  4246 

0.103 

0.5850 

2.034 

0 . 255 

-0.5102 

0.25  14 

6° 1  0.082 

0 . 5352 

0.109 

0.6255 

1 .985 

0.410 

-0.6424 

0.25  34 

O  50  15 

2°  0 . 073 
2°  0 . 080 

0 . 6293 

0.108 

0.6955 

1.841 

0  578 

—  0.6278 

0.50  30°  O.OttC 

0.8476 

0  048 

0.7158 

1.778 

0.696 

0 . 5487 

0.75  lfl 

3* !  0  051 

0.8902 

0.030 

0.9102 

0.721 

0 . 873 

-0.2942 

0.75  |  34 

1°  0  04 U 

156 


INTERNATIONAL  CRITICAL  TABLES 


CH  ,0.— 

(Cant'd)  1 

B  =  C,H 

uO  (94.1) 

Ethyl 

ether 

Q 

t  = 

25° 

0.2173 

-0.414 

0.3197 

-0.502 

0 . 5582 

-0.410 

0 . 6386 

-0.336 

0.7101 

-0.257 

0.8221 

-0.153 

0.9259 

-0.049 

B  =  C,H 

oO  (»4.1) 

Isobutyl  alcohol 

l  = 

25° 

0.5140 

-0.170 

0.7135 

-0.165 

0 . 8508 

-0.116 

B  =  Cf,HuO  (94.1) 
Isoamyl  aicohol 


t  =  25° 


0.5140 

0.7683 

0 . 8684 

-0.191 

-0.187 

-0.132 

B  =  CcH;N  (94) 

Aniline 

t  = 

25° 

0.0855 

-0.018 

0.1639 

-0.016 

0 . 2558 

+0.015 

0.3297 

0.053 

0.4359 

0.116 

0.5261 

0.149 

0.6205 

0.187 

0.7228 

0.215 

0.8172 

0.208 

0 . 8397 

0.200 

0.9362 

0.121 

0 . 9486 

0  094 

C2H(Br2 


Ethylene  bromide 
B  =  C,H4C12  (5) 
Ethylene  chloride 


0.215 

-0.123 

B  =  CoHiCl  (5) 

Chlorobenzene 

0.070 

-0.086 

0.332 

-0.286 

B  =  CoHc,  (5) 

0.054 

-0  0590 

0.186 

-0.1762 

0.364 

-0.2624 

0.535 

-0.2888 

0.648 

-0.2616 

0.821 

-0.1728 

0  946 

-0.0590 

B  =  CoH,0  (5) 
Cyclohexene 
0.107  -0.2440 

0.290  -0.0544 

B  =  C6H12  (5) 
Cyclohexane 
0.098  -0.490 

0.182  -0.841 


B  =  C6H, ». — 

( Continued ) 

xa 

Q 

0.308 

-1  184 

0.375 

-1.297 

0.495 

-1.381 

0.529 

-1  364 

0 . 555 

- 1 . 360 

0.687 

-1.168 

0.690 

-1.168 

0.765 

-0.992 

0.842 

-0.741 

0.949 

-0  2745 

B  =  C,Hi4  (5) 

n-Hexane 

0 . 94 

-0.4009 

B  =  C7H,  (5) 

Toluene 

0 . 078 

+0.0732 

0.250 

-0.0121 

0.450 

-0.0691 

0.567 

-0.0975 

0.710 

—  0.114 

0.830 

-0.109 

B  =  C8H,o  (9) 

p- Xylene 

0.082 

0.087 

0.272 

0.175 

0.486 

0.106 

0.602 

0.036 

0.642 

+0.010 

0  722 

-0.036 

0.868 

-0.0632 

0.966 

-0.029 

B  =  C9H12  (5) 

Mesitylene 

0.110 

0.0737 

0.350 

+0.0360 

0 . 486 

-0.0636 

0.638 

-0.1331 

0.749 

-0.1632 

0.878 

-0.1163 

B  =  C 

U,HU  (5) 

7>-Cymene 

0.100 

-0.00862 

0.320 

-0.0866 

0.454 

-0.1787 

0.610 

-0.2611 

0.804 

-0.297 

0.900 

-0.2335 

c2h4ci2 

Ethylene  chloride 

B  =  CcHc  (5) 

0.74 

|  -0.0732 

B  =  C7Hs  (5) 

Toluene 

0.079 

0 . 0427 

0.262 

0.0783 

0.385 

0.661 

0.537 

0.025 

0.618 

+0.0025 

0.803 

-0.0314 

0.944 

-0.0184 

c2h4o 

Acetaldehyde 


B  =  C.HLO  (104  i) 

Ethyl 

alcohol 

xa 

Q 

0.1621 

- 1  530 

0 . 2475 

-2.750 

0.2709 

-2.979 

0.2910 

-3.300 

0 . 3059 

-3.269 

0 . 3422 

-3.756 

0.3906 

-3.974 

0.4211 

-4.131 

0 . 4244 

-4.104 

0 . 4422 

-4.177 

0.4973 

-4.188 

0.5114 

-4.029 

0  5285 

-3.599 

0 . 5470 

-3.085 

0.5812 

-2.826 

0 . 6478 

-2.321 

0.6717 

-2.160 

0.8110 

-1.658 

B  =  C4H 

10O  (9  4-1) 

Ethyl  ether 

t  = 

25° 

0 . 3477 

-0.523 

0 . 5434 

-0.565 

0 . 6588 

-0.515 

0 . 7473 

-0.428 

0 . 8740 

-0.250 

C2H4O2 

Acetic  acid 

B  =  C,Hr.O,  (104) 

Lactic  acid 

0.5 

0.258 

B  =  C4H802  (104) 

Isobutyric  acid 

0  49 

0.206 

B  =  CcH6  (4) 

t  = 

5.3° 

0.1528 

-0.064 

0.1765 

-0.083 

0.2120 

-0.126 

0 . 2500 

-0.197 

0 . 3289 

-0.301 

B  =  C6Hi2  (5) 

Cyclohexane 

0 . 2424 

- 1 . 2743 

0.417 

- 1 . 5945 

0.540 

-1.4145 

0.643 

-1.5246 

0.701 

- 1 . 4380 

0.772 

-1.197 

0.825 

-0.983 

B  =  C;HS  (5) 

Toluene 

0.189 

-0.2256 

0.258 

-0.2754 

0.324 

-0.3281 

0.437 

-0.368 

0.482 

-0.3729 

0.537 

-0.3720 

C.H60 

C:H,;0 

II 

O 

« 

M 

O 

to 

Ethyl  alcohol 

Acetone 

Isoamyl  alcohol 

B  =  C3H0O  (94.1) 

B  =  C.,H,0.  (94.1) 

xa  1  Q 

Acetone 

Ethyl 

acetate 

t  =  25° 

xa 

Q 

xa 

Q 

0.4247  -0.002 

1  = 

25° 

l  = 

25° 

0.6166  -  0.008 

0.1710 

-0.705 

0.2062 

-0.093 

0.8204  -0.005 

0 . 3404 

-1.055 

0 . 3237 

-0.120 

B  =  C,H7N  (104 

0.4417 

-1.123 

0 . 5046 

-0.133 

Aniline 

0 . 5400 

-1.117 

0 . 5965 

-0.131 

0.35  1  0.791 

0 . 5558 

-1.117 

0 . 6644 

-0.123 

0.80  0.481 

0 . 6325 

-1.050 

0 . 7535 

-0.098 

0 . 7392 

-0.879 

0.9128 

-0.045 

C,H.,C1;0, 

0 . 8947 

-0.444 

Ii  —  C4H10O 

Ethyl  trichloro- 

B  =  C3H80 
n-Propyl  alcohol 


<N 

II 

0  (94. 

*) 

0 

.3541 

-0 

.023 

0 

.6031 

-0 

.027 

0 

.8030 

-0 

.021 

t  =  25 

,°  (113) 

0 

.158 

1  -0 

.013 

0 

.303 

-0 

.018 

0 

.439 

-0 

.020 

0 

.566 

-0 

.020 

0 

.684 

-0 

.017 

0 

.796 

-0 

.012 

0 

.902 

-0 

.007 

B  =  C4HsO,  (94.1) 
Ethyl  acetate 


t  = 

25° 

0.1932 

-0.934 

0 . 5346 

- 1 . 320 

0.5445 

-1.166? 

0.5812 

-1.216? 

0 . 7077 

-1.045 

0.7776 

-0.846 

0.9051 

-0.421 

B  =  CJLoO  (94.1) 
Ethyl  ether 
t  =  25° 


0 . 0882 

-0.382 

0.2756 

-0.668 

0.4379 

-0.677 

0 . 5889 

-0.569 

0.6675 

-0.478 

0.7191 

-0.434 

0 . 8380 

-0.254 

0.9695 

-0.040 

B  =  C4Hu,0  (94.1) 
Isobutyl  alcohol 
t  =  25° 


0.3519 

-0.050 

0.5914 

-0.064 

0.7748 

-0.046 

B  =  C ;,H , 2 O  (94.1) 
Isoamyl  alcohol 
t  =  25° 


0.3440 

-0.057 

0.6977 

-0.067 

0.8302 

-0.058 

B  =  C„H6  (Si) 


Ethyl  ether 
l  =  25°  (  94.1,  117 


0.1155 
0 . 2068 
0 . 2943 
0 . 4998 
0.7270 
0.8295 
0 . 9077 


0.249 

0.385 

0.461 

0.505 

0.385 

0.258 

0.159 


XA 

,  t 

Q  (51) 

0 

334 

37.1° 

-0.473 

0 

456 

0 

0 

-0.404 

0 

594 

O 

‘O 

0 

-0.557 

0 

789 

46 . 3° 

-0.312 

c3h6o2 

Methyl  acetate 
B  =  C4Hs02 
Ethyl  acetate 

(101,  104) 

xa  Q 

0,50  ,  0.052 

C.jH80 

n-Propyl  alcohol 
B  =  C4HhOo  (94.1 


Ethyl  acetate 

t  = 

25° 

0.1382 

-0.852 

0 . 2784 

-1.318 

0 . 4406 

-1.521 

0.4779 

-1.523 

0 . 4875 

—  1.511 

0 . 6248 

-1.406 

0 . 7880 

-0.990 

0.9101 

-0.509 

B  =  C4H10O  (94.1) 
Ethyl  ether 
t  =  25° 


0.1056 

-0.431 

0.2110 

-0.637 

0 . 4258 

-0.732 

0 . 5322 

-0.685 

0 . 5548 

-0.662 

0 . 6949 

-0.518 

0  8135 

-0.327 

0.9311 

-0.129 

XA, 

t 

Q 

0 

0.420 

68.2° 

-0.963 

0.649 

68.5° 

-1.507 

0 

0.807 

68.9° 

-0.812 

0 

B  =  C4HiuO  (94.1) 

Isobutyl  alcohol 
t  =  25° 


acetate 

B  =  C4Hs02 
Ethyl  acetate 

(101,  104) 


xa 

,  ( 

Q 

0 

25 

16 

70 

-0 

144 

0 

25 

34 

1° 

-0 

100 

0 

50 

15 

9° 

-0 

176 

0 

50 

34 

2° 

-  0 

130 

0 

75 

16 

5° 

-0 

156 

0 

75 

33 

5° 

-0 

089 

B 


C  lH80-2 

Ethyl  acetate 

=  C4H„,0  (94.1) 
Ethvl  ether 


xa 


Q 


t  =  25° 


0 

0875 

-0 

091 

0 

2269 

-0 

200 

0 

4372 

-0 

255 

0 

4560 

-0 

256 

0 

4803 

-0 

256 

0 

5815 

-0 

251 

0 

7256 

-0 

200 

0 

8419 

-0 

139 

B  =  C4H„,0  (94.1) 
Isobutyl  alcohol 
t  =  25° 


0 . 0979 

— 0 . 655 

0 . 2968 

-1.518 

0 . 3678 

-1.687 

0 . 5444 

-1.810 

0 . 5846 

-1.772 

0.7146 

- 1  572 

0.8564 

-0.958 

B  =  CNHr.O  (94.1) 
Isoamyl  alcohol 
t  =  25° 


0.1824 

-1.053 

0 . 2358 

-1.353° 

0.4192 

-1.748 

0.5701 

-1.739 

0.5912 

-1.718 

0.6260 

-1.684 

0.7666 

-1.355 

0.8931 

-0  776 

B  =  C6Hfi  (94.1) 

t  = 

25° 

0 . 0943 

-0.033 

0.2479 

-0.062 

0.3694 

-0.091 

0 . 5065 

-0  098 

HEAT  OF  SOLUTION  ORGANIC  SUBSTANCES:  TABLE  1 
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B  =  Cf,H«. — 
(Continued) 


xa 

Q 

0 . 6324 

-0.094 

0 . 7976 

-0.075 

0 . 8760 

-0.040 

C4H10O 

Isohutyl  alcohol 
B  =  C;,H,;0  (94.1) 
Isoamyl  alcohol 

ia  I  Q 
t  =  25° 


B  C,H  O  101> 

104) 

Amyl  formate 
0.50  1  0.03G 

B  =  C7HhO,  (101, 

1  04 

Amyl  acetate 
0,49  |  0.216 

B  =  C9H10O2  (10U 


104 


Ethyl  benzoate 
0  .V)  -0,227 

C.Hm.O 

Ethyl  ether 
B  =  C«H  <> 
Isobutyl  alcohol 
t  =  25° 


0.1097 
0.2467 
0 . 3054 
0.4X13 
0 . 5449 
0 . 6828 
0.8614 
0  9478 


-0.206 
— 0 . 552 
-0.732 
-0.839 
-0.867 
-0.836 
-0.549 
-0.252 


B  =  C,H;N(94) 
Aniline 
t  =  20° 


0.1031 
0.1933 
0 . 3060 
0 . 3833 
0 . 4947 
0.5901 
0 . 0802 
0 . 7927 
0 . 8579 
0  9294 


0.129 
0.206 
0.338 
(i  406 
0.498 
0.542 
0  538 
0.461 
0 . 354 
0  L’ 


0.3349 
0.5251 
0 . 7520 


-0.005 

-0.000 

-0.015 


C,-,H  K1O2 

Propyl  acetate 
B  =  C»H,,02  (101> 

104  ) 

Amyl  formate 
0.299  -0.003 

0,742  -0.013 

C„H.,Br 

Bromobenzene 
B  =  C r,H 5CI  (lOU 

104  ) 

Chlorobenzene 

0.212  I  0.0121 
0.674  !  0.0154 


B  =  C  H  (5 
0.255  -0.038 


C,.Hr)Cl 

Chlorobenzene 
B  =  C8H,„  (5) 
p-Xylene 


B  =  C,H120  (94.1) 
Isoamyl  alcohol 
1  =25° 


0 

1245 

-0 

271 

0 

3187 

-0 

592 

0 

4137 

-0 

699 

0 

5539 

-0 

770 

0 

5705 

-0 

776 

0 

7034 

-0 

739 

0 

8132 

-0 

603 

0 

8825 

-0 

465 

0.198 
0.330 
0.425 
0.790 
0 . 939 


0.080 

0.106 

0.116 

0.076 

0.028 


c„h,no2 

Nitrobenzene 

B  =  C,H:N  (101,104 

Aniline 


X  I,  t 

Q 

0.25 

87 . 6° 

0.306 

0.25  1 

51 .0° 

0.322 

0.25 

16.5° 

0.51 9 

0.50 

8fi . 30° 

1  0.343 

0 . 50 

52.16° 

0.452 

0.50 

14° 

|  0.552 

0.75 

86.3° 

0.318 

0.75 

15° 

0 . 398 

B  =C:HjN  (101,104) 
o-Toluidine 


0  50 

1  17 

6° 

I  0  213 

0.50 

14 

2° 

1  0.239 

B  =  Cr,H,.03(94.i) 
Paraldehyde 


t  = 

25° 

0 

2360 

-0 

210 

0 

4174 

-0 

299 

0 

5545 

-0 

314 

0 

5958 

-0 

315 

0 

6540 

-0 

300 

0 

7094 

-0 

244 

0 

9077 

-0 

132 

B  =  C*HUN  0°U 

104  ) 

Dimethylaniline 
xa  i  Q 
t  =  15° 

0,46  |  -0.031 

B  =  C,H||N  (lOU 

104) 

Ethylaniline 
0.51  I  0.112 


B  =  Cp.HiiN  (10U 

104) 

Diethylaniline 
0  .50  |  -0  062 


C0H„ 

B  =  C,H  ..  (5) 
Cyclohexane 

xa  Q 

0.097  -0.3013 

0.070  -0.7140 

0.752  -0.6008 

0.859  -0.4028 

0.924  -0.2323 


B  =  C6Hu  (5) 
n-Hexane 


0 . 579 
0.687 
0.844 
0.940 


-0.912 

-0.841 

-0.5177 

-0.2172 


B  =  C7H,  (5) 
Toluene 


0.324 

0.490 

0.500 

0.600 

0.750 

0.857 


-0.0619 

-0.0753 

— 0.0791" 

-0.0703 

-0.0501 

-0.0360 


*  (101,  1  04). 


B  =  C7ELO  (I01. 

102,  104, 

m-Cresol 
0.54  |  0.866 

B  =  C8H10  (101> 

104) 

w-Xylene 
0.5  f  0.239 

B  =  CioHu  (94.1) 
Pinene 
t  =  25° 


0.2128 
0 . 4758 
0 . 5399 
0.6251 
0.7634 


-0.424 

-0.739 

-0.730 

-0.725 

-0.624 


0.8686  1  -0.470 
0,9382  -0.234 

C„H12 

Cyclohexane 
B  =  C6Hm  (5) 
n-Hexane 

0.75  1  -0.2000 

B  =  C7H8  (5) 
Te'uene 


0 

053 

-0 

1247 

0 

105 

-0 

3405 

0 

324 

-0 

561 

0 

671 

-0 

586 

0 

743 

-0 

5114 

0 

832 

-0 

3926 

0 

946 

-0 

1448 

B  =  C8H,„  (S) 
p-Xylcnc 


0.077 
0.185 
0.329 
0.460 
0  ">111 
0 . 5753 
it  657 


-0. 1461 
-0.3139 
-0.4604 
-0.5265 
-0.5432 
-0.5457 
-0.5189 


B  = 

C«Hio. — 

(Contin  tied) 

xa 

Q 

0.707 

-0.4309 

0.920 

-0.1954 

c7hs 

Toluene 
B  =  C7H,0 
m-Cresol  (101i  194) 
0.47  1  0 . 686 


B  =  C,H,o  (5) 
p-Xylene 


0.232 

-0.00505 

0.350 

-0.0084 

0.480 

-0.0092 

c7h*o 

?n-Cresol  (101>  i°4) 
B  =  C7H9N 
o-Toluidine 


B  =  C-H.N.— 

(Continued  1 


XA, 

t 

V 

0.25  1 

20.4° 

-1.590 

0.25  ! 

88° 

-  1 . 193 

0.50 

22.1° 

—  2.469 

0.50 

55.9° 

-2.072 

0.50 

90.5° 

—  1 . 988 

0.75  | 

19.4° 

-2.406 

0.75 

54 . 0° 

-1.871 

().7'» 

90° 

-  1.716 

B 

=  C,Hj  ,N 

Dimethylaniline 

0.50 

16.3°  I  -0. 144 

0.50 

15.3°  -0.128 

C8H,o 

o-Xylene  (101>  104) 
B  =  C8Hio 
m-Xylene 


B  =  C.H  . 


(Continued  1 

x  a  Q 


0 . 209 

0 

,0092 

0.729  | 

0 

.  0007 

B  =  C,Hio 
7>Xylene 


0 

.319 

0.011 

0 

.815 

0 .  ( 

104 

c 

,H,0 

m-Xylene  (101 

,  104) 

B  = 

C8H 10 

p-Xylene 

0 

.292 

1  -0 

.0109 

0 

.754 

1  -0 

.0013 

B  = 

C,H„ 

N 

Dimethylaniline 
0.287  !  0.011 

0.734  0.013 


Table  4 


The  concentration  is  expressed  as  weight  per  cent  of  the  A-com- 
ponent  in  the  mixture.  Q  is  expressed  in  joules  evolved  per  gram 
of  mixture. 


h2o 

B  =  C3H60  (118-1) 

Acetone 
%  A  |  Q 


t  =  15° 


19.04 

6.9 

29.91 

13.5 

40.29 

22.9 

50.00 

28.5 

55 . 60 

30.4 

60.00 

31.1 

65.00 

32.2 

66.67 

32.0 

70.00 

31.6 

75 . 00 

29.8 

81 . 19 

26 . 5 

84.80 

21.3 

90.00 

16.5 

95.00 

8.4 

B  =  C3HsO, 

Glycerol 

(63) 

10 

7.5 

20 

10.9 

30 

15.5 

40 

17.6 

50 

18.8 

60 

18.8 

70 

16.3 

80 

13.4 

90 

8.0 

(981 

15.3 

12 

25  9 

16 

37.8 

18 

55.2 

18 

64  2 

17 

75.4 

13 

B  =  C3H,03.— 

(Continued) 

%  A 

Q 

86.1 

8.2 

90.2 

6.0 

92.8 

4 . 6 

96.2 

2.6 

CC14 

B  =  Cf,Hs  (118.2) 

t  = 

18° 

10 

-0.301 

20 

-0.598 

30 

-0.816 

40 

-0.963 

50 

- 1 . 030 

60 

-1.030 

70 

-0.912 

80 

-0.699 

90 

-0.452 

B  =  C7H8  (H8.2) 

Toluene 

t  = 

17° 

10 

0.067 

20 

0  138 

30 

0  197 

40 

0  264 

50 

0  318 

60 

0.335 

70 

0  326 

80 

0.276 

90 

0. 172 

cs2 

B  =  CHC13  (i  18.2 

Chloroform 

t  = 

13° 

10 

-2.55 

20 

-4  44 

30 

-5  65 

CHCL. — (Conl'd) 


%  A 

Q 

40 

-6.40 

50 

—  6.65 

60 

-6.28 

70 

-5.27 

80 

-3.89 

90 

-2.22 

B  =  C.H.O  (I37) 

Ethyl  alcohol 

t 

=  0° 

10 

-2  948 

20 

-5.488 

30 

—  7 . 483 

40 

-8.706 

50 

-9.203 

60 

-9.010 

70 

-8.513 

80 

-6.910 

t  =  3.2 

to  5.5° 

10 

-3.01 

20 

-5.603 

30 

-7.551 

40 

-8.844 

50 

-9  515 

60 

-9.607 

70 

-8.844 

80 

-7.369 

t  - 

15.5° 

10 

-  3.229 

20 

-  5.896 

30 

-  8.041 

40 

—  9.296 

50 

-10  47 

60 

-10.52 

70 

—  9  524 

80 

—  8  ftoH 

158 


C  S  2. — ( Contin  ued ) 

B  =  C.H.O  (118.2) 

Acetone 

%  A 

Q 

t  = 

16° 

10 

-  5.78 

20 

-11.80 

30 

-  16.45 

40 

- 19.92 

50 

-20.93 

60 

-  20  80 

70 

-17.62 

80 

-16.15 

90 

-10.80 

B  =  C„H6  (13  7) 

t  = 

0° 

10 

-2.117 

20 

-3.85 

30 

-5.235 

40 

-6.305 

50 

-6.690 

70 

-6.101 

80 

-4.860 

90 

-3.001 

t  = 

4° 

10 

-2.109 

20 

-3.827 

30 

-5.220 

40 

-6.257 

50 

-6.600 

70 

-6.040 

80 

-4.847 

90 

-2.997 

t  = 

14.5° 

10 

-2.090 

20 

-3  .807 

30 

-5.127 

40 

-6.109 

50 

-6.468 

70 

-5.920 

80 

-4.782 

90 

-2.976 

t  =  18c 

(118.2) 

10 

-2.59 

20 

-4.85 

30 

-6.78 

40 

-7.70 

50 

-7.95 

60 

-7.83 

70 

-6.82 

80 

-5.15 

90 

-2.93 

B  =  C7H8  (118.2) 

Toluene 

l  = 

18° 

10 

-1.38 

20 

-2.64 

30 

-3.52 

40 

-4.44 

50 

-4.73 

60 

-4.60 

70 

-4.02 

80 

-3.01 

90 

-1.72 

CHClrt 

Chloroform 
B  =  C3Hf,0  (118.2) 


Ace 

tone 

7c  A 

Q 

t  = 

14° 

10 

4. 

77 

20 

9. 

83 

30 

14. 

31 

40 

19 

38 

50 

23 

27 

60 

25. 

53 

70 

25. 

07 

80 

21 

55 

90 

13. 

56 

B  =  C4H,uO  (118.2) 
Ethyl  ether 


t  = 

14° 

10 

7.49 

20 

13.89 

30 

18.71 

40 

23.48 

50 

26.53 

60 

25.99 

70 

23 . 77 

80 

18.83 

90 

10.21 

B  =  Cc,H6  (118.2) 

t  = 

18° 

10 

1.13 

20 

2.01 

30 

2.64 

40 

3.10 

50 

3.31 

60 

3.31 

70 

3.18 

80 

2.89 

90 

2.05 

ch4o 

Methyl  alcohol 
B  =  CoH„0 


Ethyl  alcohol 
t  =  0.3°  (48) 


32.17 

-0.322 

67.83 

-0.272 

85.87 

-0.146 

t  =  16° 

(118.2) 

10 

0.209 

20 

0.343 

30 

0.393 

40 

0.398 

50 

0 . 360 

60 

0.314 

70 

0.268 

80 

0.184 

90 

0.100 

t  =  20.8°  (48) 

32.3 

-0.029 

49.6 

-0.029 

B  = 

CjELO 

n-Propyl  alcohol 
t  =  0.3°  (48) 

32.84  j  -2.059 
47.44  |  -2.239 

70.84  -1.892 


INTERNATIONAL 

B  =  C.tH,0. — 
(Continued) 

%  A  I  Q 


l  =  14c 

(1  1 8.2) 

10 

-0.75 

20 

-1.46 

30 

-2.05 

40 

-2.34 

50 

-2.30 

60 

-2.05 

70 

-1.72 

80 

-1.26 

90 

-0.71 

t  =  21.3°  (48) 

25.56 

-1.507 

50.03 

-2.101 

67.46 

- 1 . 90S 

82.41 

-1.427 

B  =  C„H6  (118.2) 
t  =  15° 


10 

-  9.33 

20 

-  9.54 

30 

-10.17 

40 

-  9.50 

50 

-  8.29 

60 

-  6.65 

70 

-  4.98 

80 

-  3.35 

90 

1.72 

c2h,o, 

Acetic  acid 


B  =  C6H6  (118-2) 

t  = 

16° 

10 

-2.39 

20 

-3.68 

30 

-4.81 

40 

-5.52 

50 

-5.98 

60 

-5.69 

70 

-5.06 

80 

-3.93 

90 

-2.39 

c2h,,o 

Ethyl  alcohol 
B  =  C3H80  (48) 
n-Propyl  alcohol 
t  =  0.27° 


45.2 

-0.469 

62.17 

-0.594 

t  = 

21° 

32.86 

-0.586 

49.58 

-0.523 

B  =  C«H6  (137) 

t  = 

0° 

10 

-4.045 

20 

-5.253 

30 

-6.055 

40 

-6.410 

60 

-6.120 

70 

-5.697 

80 

-4.414 

90 

-2.550 

t  =  3.1 

O 

0 

10 

-4.320 

20 

-5.769 

CRITICAL  TABLES 

B  =  Cf,H6. — 
{Continued) 


%  A 

Q 

30 

-6.550 

40 

-6.767 

60 

-6.411 

70 

-5.812 

80 

-4.469 

90 

-2.572 

t  = 

15° 

10 

-5.416 

20 

-6.706 

30 

-7.338 

40 

-7.556 

60 

-6.867 

70 

-6.067 

80 

-4.578 

90 

-2.658 

c,h6o 

Acetone 

B  =  CrTLClO  (50) 

o-Chlorophenol 

t  = 

=  0° 

13.90 

32.58 

17.10 

38.00 

19.10 

40.52 

21.90 

44.28 

23.70 

45.70 

26.00 

47.08 

27.55 

47.79 

29.35 

48.55 

31.15 

48.67 

33.80 

48.42 

37.60 

47.63 

42.70 

45.57 

44.05 

45.11 

50.00 

41.93 

53 . 45 

39.24 

62.00 

33 . 30 

C3H6O2 

Methyl  acetate 

B  =  C4H802  (118.2) 

Ethyl  acetate 

t  = 

16° 

10 

-0.326 

20 

-0.594 

30 

-0.757 

40 

-0.850 

50 

-0.866 

60 

■0.787 

70 

-0.678 

80 

-0.511 

90 

-0.293 

B  =  C,,H0  (118-2) 

t  = 

17° 

10 

-2.39 

20 

-4.52 

30 

-5.86 

40 

-6.36 

50 

-6.32 

60 

-5.69 

70 

-4.81 

80 

-3.64 

90 

-2.13 

C;tH*0 

n-Propyl  alcohol 


B  =  CjH 

«  (n8-2) 

t  = 

15° 

%  A 

Q 

10 

-10.30 

20 

-12.64 

30 

-13.56 

40 

-13.22 

50 

-12.26 

60 

-11.09 

70 

-8.29 

80 

-5.52 

90 

-  2.76 

C4HSO2 
Ethyl  acetate 
B  =  C4H,oO  (H8.2) 
Ethyl  ether 
t  =  14° 


10 

-1.09 

20 

-1.76 

30 

-2.34 

40 

-2.76 

50 

-2.97 

60 

-2.76 

70 

-2.43 

80 

OO 

GO 

7 

90 

-1.13 

B  =  CcH6  (H8.2) 

t  = 

17° 

10 

-0.879 

20 

-1.310 

30 

-1.465 

40 

-1.528 

50 

—  1 . 515 

60 

-1.444 

70 

-1.327 

80 

-1.109 

90 

-0.682 

B  =  C7HuO, 


Amj’l acetate  (H8.2) 


t  = 

15° 

10 

-0 

67 

20 

-1 

00 

30 

-1 

55 

40 

-1 

84 

50 

-1 

88 

60 

-1 

76 

70 

-1 

46 

80 

-1 

13 

90 

-0 

67 

C  iHi0O 

Ethyl  ether 
B  =  CoH6  (118.2) 
t  =  15° 

10-90  I  0.00 

C5H5N 

Pyridine 

B  =  C.HiClO  -0 
o-Chlorophenol 
t  =  0° 

15.0  63.19 

22.0  73.61 


B  =  Cr,H;,C10.- 


( Continued ) 


%  A 

Q 

25.1 

78.01 

30.0 

85 . 08 

34.0 

89. 18 

38.1 

91 . 15 

41.1 

90.19 

46.9 

84.70 

55.1 

72.74 

61.0 

63.44 

B  =  C7H5O  (50) 

o-Cresol 

t  = 

0° 

17.5 

52.94 

25.05 

68.63 

30.7 

76.25 

36.4 

80.64 

39.9 

81.11 

40.2 

81.31 

44.85 

79.39 

48.7 

75.79 

49.9 

74.79 

50.85 

73.63 

57.25 

64.74 

57.65 

64 . 66 

63.0 

53.15 

B  =  C7H,0  (50) 

m-Cresol 

t  = 

=  0° 

9.85 

26.03 

19.5 

45.87 

27.5 

57.54 

33.1 

61.60 

36.8 

63.70 

42.2 

63.24 

49.05 

58.97 

54.25 

54.66 

61.00 

47.54 

68.25 

38.54 

82.9 

21.42 

C5H12O 

Amyl  alcohol 

B  =  C8H,o  (55) 

7>-Xylene 

t  = 

=  0° 

20.6 

4.48 

39.2 

6.57 

46.5 

6.78 

53.1 

6.40 

64.8 

5.23 

72.7 

3.81 

C,H,C10 


o-Chlorophenol 
B  =  C8H„N  (50) 
Dimethylaniline 
t  =  0° 


40.5 

20.51 

45.7 

22.23 

49.0 

23  30 

51.2 

23 . 87 

54.2 

24  81 

57 . 4 

25.80 

60 . 5 

26  40 

62 . 6 

26  38 

HEAT  OF  SOLUTION  OKOAMC  SUBSTANCES  TABLES  5  ANI)  0 


B  =  C.H|,N. 


i  <  'on tinned  i 


%  A 

Q 

64.85 

25.88 

67 . 25 

25.08 

69 . 85 

23 . 87 

73  65 

22.24 

80.0 

18.84 

B  =  CaH;N  (50) 
Quinoline 
t  =  0° 


33 

0 

56 

50 

38 

8 

64 

74 

43 

9 

71 

98 

46 

75 

74 

74 

47 

9 

76 

08 

50 

1 

76 

46 

51 

2 

76 

79 

B  =  CJUN. 

(Continued) 

%  A 

Q 

51.7 

76.79 

52 . 6 

7  6 . 63 

53  6 

76 . 33 

64 . 7 

75 . 79 

57.5 

72 . 74 

61.4 

65 . 83 

66 . 75 

57 

C,;H„ 

B  =  C+E  (08.2) 
Toluene 
t  =  16° 

10  -0.335 

20  -  0 . 603 

30  -  0 . 829 

40  -0.917 


B  =  C:H,. 

( Continued 


%  A 

Q 

50 

-0.933 

60 

-0.921 

70 

-0.778 

80 

-0.519 

90 

-0.264 

c„h7n 

Aniline 

B  C.H  „  (ss) 


p-Xylene 
t  =  0° 


27.6 

9.96 

31.7 

10.80 

49.1 

11.22 

58 

10.42 

66 

9.54 

78.6 

6  65 

Table  5 

The  concentration  is  expressed  by  the  number  of  moles  of  solvent, 
M„  added  to  one  mole  of  solute.  The  B-component  where  italicized 
is  the  solute,  and  is  otherwise  the  solvent.  Q  is  expressed  in 
kilojoules  evolved  per  mole  solute. 


H,0 

B  =  CHiOt  (64) 

Formic  acid 

M. 

Q 

0.135 

0.348 

0.28 

0.744 

0.45 

1.061 

0.85 

1.430 

1.10 

1  .460 

1.70 

1.445 

5.96 

1 .299 

48.55 

1.257 

B  =  C2 
Tribromoi 
(so 
t  =  15 
206 

417 

799 

00 

IlBrtOi 
icetic  acid 

id) 

2°  (US) 

1.05 

1.99 

2.62 

3.52 

B  =  C 
Trickle 
acid 

i  =  15.3 
245 

498 

936 

,HCltO 2 

roacetic 

solid) 

1°  (I*5) 
10.48 
11.32 
11.29 

B  =  Ci 
Dibrot 
acid 
t  =  15 
364 
479 
712 

II  2/lr202 

noacelic 

(solid) 

3°  (II5) 

—  1.18 
-3.76 
-3.42 

B  =  CJhCWi 
Dichloroacelic 


acid 


M.  | 

Q 

t  =  15.9° 

(US) 

196 

9.63 

398 

10.80 

776 

11.59 

B  =  CiHtBr02 
Bromoacetic  acid 
(solid) 

t  =  15.45°  (11S) 


199 

-13.84 

365 

-13.45 

712 

-13.15 

B  = 

72//  <02 

Acetic  acid 


(64) 


0.25 

-0.293 

0.58 

-0.527 

1.11 

-0.624 

1.42 

-0.624 

1 . 95 

-0.544 

5.00 

-0.310 

C) .  1 9 

+0.056 

30.00 

0.386 

63.33 

0.449 

t  =  18.5°  (US) 

189 

1.12 

197 

1.53* 

207 

1.15 

411 

1.37 

00 

1.90 

*  13.6°. 


B  =  C3//602  (64) 
Pro/rionic  acid 
M.  |  Q 
t  =  8° 


0. 

216 

-1 

40 

0. 

456 

-2 

00 

0 

720 

_2 

29 

1 

027 

-2 

46 

1 

718 

2 

62 

2 

740 

_2 

52 

4 

110 

_2 

35 

9 

590 

-1 

.79 

14 

570 

-1 

.48 

38 

.270 

.26 

78 

.110 

1  -1 

.  25 

B  =  CtIhOt  (64) 
n-Butyric  acid 
t  =  9° 


0 

25 

-1 

00 

0 

54 

-1 

49 

0 

86 

-1 

77 

1 

22 

-1 

93 

1 

63 

_2 

04 

2 

09 

_2 

08 

3 

05 

_  2 

08 

3 

67 

-1 

99 

7 

33 

-1 

68 

19 

55 

-1 

24 

44 

00 

-0 

91 

93 

00 

-0 

73 

C2HiBr> 

Ethylene  bromide 
B  =  C,//«02  (4) 
Acetic  acid 
0.30  0.55 

0.528  1  0.845 
1.06  1  3 1 s 
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B  =  c2//4o2.— 

(Continued) 


M. 

Q 

1 .47 

1.544 

2.04 

1 .803 

2.944 

2 . 108 

3.67 

2.281 

4.98 

2 . 486 

B  =  C..H,0,  (4) 

Acetic  acid 

0.201 

0 . 498 

0 . 34 

0.716 

0.273 

0.621 

0.49 

0.883 

0.68 

1.050 

0.943 

1.243 

1.887 

1 . 594 

3.333 

1.820 

C2H4O2 

Acetic  acid 
B  =  C6//6  (4) 
0.2143  j  -0.370 
0.2500  -0.414 


B  =  e.H 

— (Coni’ d 

M. 

Q 

0 . 304 

-0.481 

0 . 333 

-0.514 

0.385 

-0.552 

0.515 

-0.661 

0.77 

-0.820 

0.775 

—0.824 

1.25 

- 1 . 004 

2.137 

-1.251 

5.17 

-1.515 

7.75 

- 1 . 569 

15.52 

- 1 . 689 

B  =  C,H„  (4 


0 

0644 

-0 

109 

0 

129 

-0 

203 

0 

1934 

-0 

293 

0 

468 

-0 

586 

0 

80 

-0 

804 

1 

29 

-1 

063 

1 

30 

-1 

063 

1 

942 

-1 

282 

0 

60 

-1 

434 

B  =  C«H..~ 
( (  out  in  ucd 


M. 

Q 

3. 

00 

1  . 542 

3. 

29 

1  578 

4. 

00 

1  653 

1 

666 

1  724 

CjH.,0 

Ethyl  alc< 

>hol 

B  =  CfH* 

(131 

0 

.  2675 

0.289 

1 

.  642 

1  548 

2 

.  19 

2 . 093 

2 

.  633 

2.427 

3 

.284 

2 . 930 

3 

.  940 

3 . 390 

4 

.  586 

3  850 

6 

.569 

-  4 . 637 

7 

.88 

5. 60S 

8 

.53 

5 . 859 

9 

.  195 

-6.236 

10 

.  5 

-  6 . 738 

Table  6 

The  concentration  is  expressed  as  the  mole  per  cent  of  the  A- 
component  in  the  mixture.  (J  is  expressed  in  kilojoules  evolved 
per  mole  B. 


H,0 

B  =  CH  ,0. — 

B  =  C,H,0  (49) 

B  =  CH.,0  (49) 

(Continual) 

Ethyl  alcohol 

Methyl  alcohol 

M  %  A 

Q 

M  %  A 

Q 

M  %  A  | 

Q 

50 

1.632 

t  = 

0° 

t  = 

0° 

55 

1.896 

5 

0 . 088 

5 

0.159 

60 

2.218 

10 

0.176 

10 

0.310 

65 

2.591 

15 

0 . 289 

15 

0 . 460 

70 

3.055 

20 

0.410 

20 

0.607 

75 

3 . 666 

25 

0 . 498 

25 

0 . 762 

80 

4 . 35 1 

30 

0  590 

30 

0 . 925 

85 

5.114 

35 

0.691 

35 

1.105 

90 

5.989 

40 

0 . 824 

40 

1 . 297 

95 

6.838 

45 

1.004 

45 

1.511 

50 

1.251 

50 

1.766 

t  =  42.37 

55 

1.523 

55 

2.038 

5 

0.071 

60 

1 . 900 

60 

2.381 

10 

0.151 

65 

2  385 

65 

2.783 

15 

0.251 

70 

3 . 038 

70 

3 . 306 

20 

0 . 356 

75 

3.972 

75 

3.967 

25 

0.473 

80 

5.428 

80 

4.763 

30 

0 . 594 

85 

7.407 

85 

5 . 750 

35 

0 . 724 

90 

9 . 856 

90 

6.905 

40 

0 . 866 

95 

12  54 

95 

8 . 328 

45 

1.013 

t  = 

17.33° 

t  = 

19.69° 

50 

1 . 193 

5 

0  042 

5 

0.134 

55 

1 . 402 

10 

0  092 

10 

0 . 272 

60 

1.632 

15 

0  167 

15 

0.419 

65 

1 . 908 

20 

0  251 

20 

0.569 

70 

2.264 

25 

0.335 

25 

0.716 

75 

2.691 

30 

0.423 

30 

0.862 

80 

3. 185 

35 

0  519 

35 

1  017 

85 

3  725 

40 

0 . 636 

40 

1  197 

90 

4 . 352 

45 

0.757 

45 

1.398 

95 

4 . 997 

50 

0.946 
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H,0. 

( Cont’d ) 

B=C.,HsO  (49) 

B  =  C3H,0.— 

B  =  C  H,0. 

n-Propy 

1  alcohol 

(Continued) 

(Continued) 

M  %  A  I 

Q 

M  %  A 

Q 

M  %  A 

Q 

t  = 

0° 

55 

—  0 . 0  34 

55 

1.201 

5 

-0.011 

60 

+0.038 

60 

1 . 507 

10 

-0.021 

65 

0.201 

65 

1 . 925 

15 

-0.027 

70 

0.431 

70 

2 . 478 

20 

-0.019 

75 

0.778 

75 

3.218 

25 

-0.008 

80 

1 . 335 

SO 

4 . 269 

30 

+0.010 

85 

2 . 264 

S5 

5.821 

35 

0.042 

90 

4.110 

90 

7.801 

40 

0.092 

95 

7.981 

95 

9.818 

45 

0.167 

50 

0.264 

t  =  42.05° 

55 

0.419 

II 

■  4^ 

CO 

4^ 

— 

0 

5 

0.0029 

60 

0 . 590 

5 

-0.105 

10 

0 . 0063 

65 

0 . 883 

10 

-0.205 

15 

0.013 

70 

1.264 

15 

-0.306 

20 

0.023 

75 

1 . 354 

20 

-0.402 

25 

0 . 042 

80 

2 . 758 

25 

-0.498 

30 

0.075 

85 

4.323 

30 

-0.590 

35 

0.109 

90 

7 . 382 

35 

-0.670 

40 

0.167 

95 

12. 6S 

40 

-0.737 

45 

0.243 

t  =  21.03° 

45 

-0.778 

50 

0 . 343 

5 

-0.042 

50 

-0.795 

55 

0.465 

10 

-0.084 

55 

-0.795 

60 

0.649 

15 

-0.121 

60 

-0.770 

65 

0.870 

20 

-0.159 

65 

-0.728 

70 

1.209 

25 

-0.197 

70 

-0.644 

75 

1.691 

30 

-0.230 

75 

-0.502 

80 

2 . 356 

35 

-0.243 

80 

-0.259 

85 

3.281 

40 

-0.243 

85 

+0.176 

90 

4.528 

45 

-0.209 

90 

0.586 

95 

6.236 

50 

-0.167 

95 

3.055 
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INTRODUCTION 

If  to  a  solution  having  an  initial  concentration  C\  and  at  the 
temperature  t,  °C  water  at  t°  is  added  in  sufficient  amount  to  change 
the  concentration  to  (\,  it  is  necessary  to  abstract  from  the  system 
II  joules  of  heat  in  order  to  keep  its  temperature  constant,  the 
amount  of  solution  being  that  shown  by  the  quantities  in  which  Ci 
is  expressed.  For  example,  in  the  table  for  KC1  below;  if  to  a 
solution  composed  of  1  grain-mole  of  KC1  and  25  gram-moles  of 
H20,  Cl  (  =  400)  at  18°C,  25  gram-moles  of  H20  at  18°C  be  added, 
the  final  concentration  will  be  C2  (=200)  and  794  joules  of  heat 
must  be  supplied  (because  of  the  negative  sign)  to  the  resulting 
mixture  in  order  to  maintain  it  at  18°C.  It  is  the  quantity  II 
which  (unless  otherwise  indicated)  is  recorded  below.  The  values 


(3  0)  Berthelot,  6,  21:  372;  90.  (3 1 )  Berthelot,  6,  21  .  4.6;  90  (321  Berthelot, 

6,  23:  563;  91.  (33)  Berthelot,  <5,  4:  117;  95.  (3,‘)  Berthelot,  G,  7:  50;  96. 

(35)  Berthelot  and  Fogh,  8,  22:  18;  91.  (36>  Beithelot  and  Jungfleisch,  8. 

4:  ]i7;  75.  (37)  Berthelot  and  Louguinine,  8,  6:  289;  7.,.  (**)  Berthelot 

and  Matignon,  G,  21 ;  409:  90.  (39)  Berthelot  and  Matignon,  G,  30:  565:  93. 

(40)  Berthelot  and  Ogier,  G,  23:  199;  81.  (4l)  Berthelot  and  Ogier,  G,  23:  200; 

81.  (42)  Berthelot  and  Petit,  G,  20:  5;  90.  (43)  Berthelot  and  Petit,  6. 

20:  13;  90.  (44)  Berthelot  and  Werner,  6,  7:  103;  86.  (45)  Berthelot  and 

Werner,  6,  7:  117;  86.  (46)  Berthelot  and  Werner,  8,  7:  145;  86.  (4T) 

Bonnefoi,  34,  127:  516;  98  (4*)  Bose,  188,  1906:  309.  (49.>  Bose,  7,  58: 

585;  07. 

(50)  Bramley,  4,  109  :  496;  16.  (5l)  Carroll  and  Mathews,  1,  46 :  30;  24.  (S2) 

Cavalier,  34,  122:  1486;  96.  (S3)  Chancel  and  Parmentier,  >>,104:  17  1;  s7 

( 5 4)  Chroust choff,  8,  19:  422;  80.  (55)  Clark,  68,  6:  154;  05.  (*«)  Cohen 

and  Moesveld,  7,  93:  385;  19.  (57)  Colson,  8,  8:  282;  86.  (*•)  Colson,  o', 

19:  407;  90.  (")  Colson,  34,  111:  266;  90. 

(60)  Colson  and  Darzens,  34, 118:250:94.  (6 1 )  Combes,  27,  49:  910;  88.  («2) 

Delfipine,  34,  123:  888;  96.  (63)  Drucker  and  Moles,  7,  75:  405;  11.  (64) 

Faucon,  6,  19:  70;  10.  (65)  Favre,  34,  51:  316;  60.  (««)  de  Forerand,  o', 

3:  187;  84.  (•»)  <1,-  Forcrand,  M„  101:  1495;  85.  (8»)  de  Fororand, 

102 :  551;  86.  (69)  de  Forcrand,  34,  102:  1398;  86. 

(70)  de  Forcrand,  6,  11:  445;  87.  (71)  de  Forcrand,  6,  11:  483;  87.  (72)  de 

Forcrand,  34,  107:  270;  88.  (73)  de  Forcrand,  6,  20:  433;  90.  (74  d< 

Forcrand,  6,  26:  201;  92.  (75)  de  Forcrand,  8,  27:  525;  92.  (7«)  de  I  oi 

crand,  34,  114:  420;  92.  (77)  de  Forcrand,  34,  114:  1062;  92.  (7S)  de 

Forcrand,  G,  30:  56;  93.  (7»)  de  Forcrand,  34,  118:  922;  94. 

(80)  de  Forcrand,  34,  118:  1101;  94.  (8 7 )  de  Forcrand,  34,  120 :  737;  95.  (82) 
de  Forcrand,  34,  154:  1768;  12.  (83)  Gal  and  Werner,  34,  103:  1019;  86. 
(84)  Gal  and  Werner,  27,  46:  801;  86.  (8S)  Gal  and  Werner,  27,  46:  803;  86. 

(8  6)  Gal  and  Werner,  27,  47:  158;  87.  (87)  Gautier,  Thesis,  Paris,  1888. 

(88)  Gehlhoff,  7,  98:  252;  21.  (89)  Gerlach,  91,  24:  106;  84. 

(90)  Goldschmidt  and  Maarseveen,  7,  25:  91;  98.  (91)  Guntz,  6 ,  13:  388;  88. 

(93)  Haller  and  Guntz,  34,  106:  1473;  88.  (94)  Hartung,  83,  12:  66;  17. 

(94.1)  Hirobe,  44,  1:  155;  26.  (9S)  Joannis,  6,  26:  530;  82.  (96)  Jorissen 

and  van  de  Stadt,  52,  51:  102;  94.  (97)  Katayama  and  Tomiyama,  41,  36: 

745;  15.  (")  Katz,  64P,  13:  958;  11.  (")  Keyes  and  Hildebrand,  1, 

39  :  2126;  17. 

(100)  de  Kolossovsky,  28,  1913:  340.  (101)  Kremann,  57,  37:  11;  16.  (192) 

Kremann  and  Borjanovics,  57,  37:  59;  16.  (103)  Kremann,  Kerschbaum 

and  Pilch,  67,  31:  203;  10.  (104)  Kremann,  Meingast  and  Gugl,  57,  35- 

1235;  14.  (104.I)  de  Leew,  7,  77:  284;  11.  (*  °9)  Lemoult,  34,  123:559;96. 

(106)  Louguinine,  6,  17:  229;  79.  (l07)  Massol,  34,  113:  800;  91.  (l08) 

Massol,  6,  1:  145;  94.  (l09)  Mathews,  1,  33:  1291;  11. 

(I10)  Matignon,  6,  28 :  70;  93.  R 1  >)  Matignon,  6,  28  :  77;  93.  (I*2)  Matignon, 

6,  28:  289;  93.  p12-5)  Parks  and  Chaffee,  50,  31:  427;  27.  (113)  Parks 

and  Schwenck,  50,  28:  720;  24.  (114)  Petit,  6,  18:  145;  89.  (***)  Picker¬ 
ing,  4,  67:  664;  95.  (>16)  Rivals,  34,  122:  180;  96.  <117>  Sameshima,  1. 

40:  14S2;  18.  (118)  Sameshima,  1,  40:  1503;  18.  C11-1)  Sandonnini,  23, 

1:  448;  25.  (H8-2)  Schmidt,  7,  121:  221;  26.  (l19)  Schwers,  28,  1908: 

833. 

(12<>)  Shukarev,  7,  71:  90;  10.  (I21)  Sidgwick  and  Turner,  4,  121:  2256;  22. 
(122)  Speyers,  1,  18:  146;  96.  (123)  Swietoslawski,  25,  43:  1479;  10 
(124)  Tanatar,  53,  23:  243;  91.  4,  64  II:  108;  93.  (12s)  Tanatar,  .53,  24: 

365;  92.  4,  64  II:  358;  93.  (126)  Timofeev,  34,  112:  1137;  91.  (I27) 

Timofeev,  185,  76  II:  429;  05.  (12s)  Tsakalotos  and  Guye,  42,  8:  340;  10 

(12  9)  Tscheltzow,  6,  8:  233;  86. 
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1671;  88.  (133)  Vignon,  34,  109  :  477;  89.  (134)  Vignon,  34,  115  :  354  ;  92 

(135)  Werner,  6,  3:  567;  84.  (>3®)  Wiedemann  and  Ludeking,  8,  25:  145: 

85.  O37)  Winkelmann,  8,  30:  592;  73.  (138)  Winkelmann,  7,  60:  626;  07 
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given  have  been  interpolated  from  the  original  drawings  of  the 
graphs  of  Pratt,  US,  185:  603;  18. 

TABLE 


Ethyl  alcohol  (Squibb’s),  Ci  —  400  =  1M  CzHsOH  and  25M  H-O 


Ci 

t,  °c 

300 

240 

200 

160 

100 

80 

60 

40  |  20 

0 

309 

447 

531 

602 

702 

744 

782 

5 

301 

443 

523 

594 

694 

732 

765 

10 

293 

435 

514 

585 

686 

719 

753 

v.  further 

15 

288 

422 

506 

577 

677 

711 

736 

p.  162 

20 

280 

414 

493 

569 

665 

694 

719 

25 

272 

406 

485 

560 

656 

681 

702 

30 

263 

397 

477 

552 

648 

677 

690 

33.5 

255 

389 

468 

544 

635 

656 

673 

HEAT  OF  DILUTION 


Hil 


Resorcinol,  Ci  =C=  400  1M  C.lld  I;  and  25  M  Hd ) 


0 

5 

ID 

15 

20 

25 

30 

33 


t,  °c 

C  j 

300 

240 

200  |  160 

100 

80 

60 

40 

20 

0 

-  21 

-  50 

-  84 1  -125 

-217 

-251 

-  293 

-  343 

-  376 

5 

-  38 

—  79 

-113  -167 

—  272 

-301 

-  360 

-418 

-  468 

10 

—  54 

-  100 

-142  -201 

-309 

—  360 

-418 

-485 

—  560 

15 

-  67 

-125 

1 

f- 

1 

-364 

-418 

-481 

-  560 

-  635 

20 

-  84 

-  151 

-205  -272 

-410 

-460 

-544 

-627 

-744 

25 

—  100 

-176 

-230  -314 

-  460 

-527 

-615 

-74  4 

-828 

30 

-117 

-201 

-268!  -343 

-  502 

—  585 

-  669 

-773 

-920 

33  5 

-134 

-  226 

-  203  -  376 

-544 

-619 

-719 

-  836 

-  1003 

Pyroca 

echol,  Ct  400  =  IM  C«H«0«  and 

25  M  11 

sO 

326 

544 

711 

899 

1187 

1275 

1359 

1432 

293 

489 

635 

811 

1070 

1162 

1233 

1296 

259 

439 

573 

727 

970 

1045 

1108 

1  171 

226 

376 

502 

635 

840 

920 

983 

1045 

188 

326 

426 

543 

732 

794 

857 

920 

151 

272 

351 

452 

619 

673 

736 

794 

121 

217 

280 

363 . 7 

506 

552 

606 

669 

100 

167 

226 

301.0 

418 

460 

502 

552 

(,  °C 


0 

5 

10 

15 

20 

25 

30 

33  5 


Ct 


720 

300 

200 

140 

80 

60 

40 

20 

-63 

-42 

-  1534 

-  1200 

-2279 

-  1831 

-  2885 

-  2300 

-3617 

-  2835 

-  3847 

-  2989 

-3169 

-3345 

-21 

-  911 

-  1401 

-  1 756 

-2132 

-  2237 

-  2354 

-2467 

4 

-  619 

-  1016 

-  1254 

-  1480 

-  1559 

-  1647 

-  1714 

8 

-  334 

-  606 

-  778 

-  928 

-  978 

-  1020 

-  1066 

12 

-  63 

—  242 

-  355 

-  447 

—  477 

-  489 

-  493 

17 

171 

84 

21 

-  42 

-  50 

-  63 

-  67 

21 

343 

326 

284 

251 

247 

247 |  247 

1  845  KOH,  Ci  o  800  -  2M  K<  >11  and  25  M  H  ■>> 


I,  °C 


Ct 


640 


300 


200  |  140  |  80 


60 


40 


0 

0 

-  3551 

-719 

-  1003 

-  1317 

-  1422 

-  1547 

5 

13 

-  96 

-385 

-  544 

-  753 

-  828 

-  899 

10 

25 

138 

4 

-  100 

-  209 

-  251 

-  293 

15 

38 

355 

326 

284 

251 

251 

263 

20 

50 

560 

606 

652 

690 

719 

773 

25 

63 

744 

870 

953 

1066 

1129 

1204 

30 

71 

903 

1087 

1213 

1392 

1484 

1589 

33.5 

79 

983 

1 204 

1346 

1555 

1651 

1756 

1  17  NHiCl,  Ci  O  400  =  1  1 7 M  N'lliCl  and  -''.M  1 1 :» > 


i 


1.  °C 

300  | 

240 

200 

160 

100 

80  | 

60 

40 

20 

0 

-  255 

-431 

—  556 

—  098 

—  92<) 

—  983 

-  1037 

-  1087 

2 

-238 

-  397 

-514 

-640 

-  836 

—  899 

-  937 

-  978 

4 

-  230 

-364' 

-472 

-  585 

—  7  57 

-81 1 

-  840 

-  86 1 

6 

-201 

-334! 

-431 

-  535 

—  669 

-711 

-  744 

-  7  53 

8 

-  184 

—  305 

—  389 

-468 

-594 

-  6 1 9 

-  644 

-  644 

10 

-  167 

-  276 

-  35 1 

-418 

-518 

-544 

-  552 

—  552 

12 

-  151 

-247 

-309 

—  368 

-452 

-  468 

-  1  f  •<  i 

-  477 

-  334 

14 

-  138 

-230 

-272 

-318 

—  385 

-  393 

-  385 

-  339 

—  226 

16 

-125 

-201 

-  238 

_  07') 

-314 

-314 

-  309 

-  255 

-  142 

18 

-  109 

-  167 

-201 

-226 

-247 

-  238 

— 

-  167 

42 

20 

-  92 

-  134 

-  163 

-  1 76| 

-  176 

-  167 

-  151 

84 

4  84 

NHiCl,  Ci  400  IM  N  H  <C1  and  25  M  I  Id) 


22 

-63 

-88 

-96 

—  96 

—  96  1 

-96 

—  96  —  8 1  —  2 1 

24 

—  46 

-59 

—  67 

—  67 

-42 

—  25 

8  71  159 

26 

-33 

-42 

-33 

-29 

4 

33 

84  155  251 

28 

-17 

-13 

0 

13 

59 

84 

142  234  334 

30 

-  4 

8 

25 

42 

100 

125 

192  272  385 

32 

8 

33 

50 

71 

134 

167 

209  293  418 

33.5 

21 

46 

67 

92 

155 

192 

230  |  305  |  439 

KCI,  Ci  =0=  400  =  1M  KC1  and  25M  HtO 


0 

-594 

—  974| 

— 1246 

-  1547 

-  20951 

—  2308 

-  2530 

-2718 

-2843 

2 

—  564 1 

-924 

-1179 

-  1484 

-  2(X)7 

-2195 

-2404 

—  2575 

—  2663 

4 

-543 

—  907 

—  1 129 

-  1409 

- 1902 

-2091 

—  2279 

—  2438 

-  2509 

6 

-518 

-845 

-  1087 

-  1346 

- 1819 

- 1999 

-2174 

—  2329 

2366 

8 

-481 

-807 

-  1037 

-  1288 

- 1735 

-  1902 

-  2070 

-2195 

-2245 

10 

-460 

-761 

-  983 

-  1217 

-1631 

-  1781 

-  1944 

-  2086 

-2111 

12 

-439 

-727 

-  937 

-1162 

-1547 

-1697 

-  1835 

-  1957 

-  1982 

14 

-418 

-702 

-  891 

-1100 

-  1463 

-  1589 

- 1735 

-  1840 

-  1848 

16 

-397 

-661 

-  845 

- 1037 

-  1388 

-1505 

-  1639 

-  1748 

-  1748 

18 

-376 

-619 

-  794 

-  983 

-1325 

-1421 

- 1547 

-  1631 

-  1631 

20 

—  355 

-  585 

—  753 

-  928 

-1233 

-  1338 

-  1455 

-  1534 

-  1.505 

22 

-326 

—  552 

-  707 

-  878 

-  1162 

- 1258 

-  1363 

-  1432 

-  1421 

24 

-313 

-518 

-  665 

-  828 

-1091 

-1179 

-  1267 

-  1325 

-  1296 

26 

-293 

-489 

-  627 

-  773 

-  1020 

-1104 

-  1 183 

-  1237 

-  1191 

28 

-280 

-460 

-  585 

-  723 

-  953 

-  1033 

-  1104 

-  1145 

-  1087 

30 

—  972 

-439 

—  556 

-  681 

-  891 

-  962 

- 1003 

-  1041 

-  974 

32 

-251 

-410 

-  523 

-  635 

-■  815 

-  907 

-  932 

-  962 

-  853 

33.5 

-238 

-389 

-  493 

-  594 

-  773 

-  828 

-  874 

-  899 

-  786 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

33.5 


’  i SrCl;,  Cl  O  400  =  1M  SrCl:  and  50 M  H  .O 


-33 

—  54 

-59 

-46 

-25 

8 

54 

-17 

-33 

-13 

13 

54 

88 

146 

0 

33 

33 

63 

134 

171 

230 

21 

50 

84 

121 

209 

251 

309 

42 

92 

134 

184 

276 

330 

389 

59 

117 

163 

217 

334 

389 

460 

75 

142 

197 

268 

414 

460 

535 

92 

171 

230 

314 

458 

514 

594 

117 

201 

272 

351 

506 

577 

661 

134 

226 

301 

397 

560 

631 

727 

146 

251 

330 

426 

602 

677 

773 

159 

401 

251 

493 

334 

585 

427 

669 

506 

753 

585 

828 

669 

911 

744 

978 

799 

1024 

857 

1095 

920 

1 158 

HSrClj,  Ci  =c=  400  =  1M  SrClt  6H  1 1  uid  50M  HtO 


0 

-70 

-117 

-  146 

—  184]  -234 

2 

-59 

-100 

-125 

-151  -171 

4 

-52 

-  84 

-  105 

-113  -125 

6 

-46 

-  71 

-  75 

-  8  4  -  88 

8 

-40 

-  59 

-  54 

-  54  -  54 

10 

-33 

-  42 

-  38 

-  38  -  29 

12 

-25 

-  25 

-  25 

-  171  +  4 

1  ,  BaCI  ,  Ci 

400  -  1 M 

BnCli  and  25M  1LO 

14 

-  125 

-192 

—  226 

—  251 

-  272 

-276  -251  -ISO 

16 

-105 

-151 

-167 

-  188 

-192 

-18S1  -14s|  -  6.1 

18 

-  84 

-117 

-125 

-  117 

-105 

-  8  -  42  50 

20 

-  63 

-  75 

-  75 

-  17 

4  59  163 

«)•) 

-  42 

-  42 

-  38 

o 

63 

92  159  255 

24 

-  21 

4 

38 

59 

134 

187|  247|  343 

26 

0 

33 

63 

109 

201 

251 1  314]  426 

28 

21 

63 

109 

167 

280 

328!  401  510 

30 

42 

105 

151 

226 

347 

397  489  552 

32 

63 

134 

201 

272 

418 

468  564  594 

33.5 

84 

163 

226 

300 

460 

523  615'  619 

'  BaC 

Cl  o  400  - 

IM  H;tf'ly2HtO  and  SOM  HtO 

o 

-  226 

-  364 

-468 

-577 

-753 

-824  —  903  —  100  i 

2 

-209 

-330 

-418 

-514 

—  656 

—  702  —753  —811 

4 

-  184 

1-293 

-372 

-462 

—  564 

-598  -619:-  052 

6 

1  -155 

1-259 

-322 

-385 

-  472 

-  489  —  502  -  502 

42 

167 

447 

573 

635 

704 

920 
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1 2  BaCl:,  Ci 

O  400 

=  1M 

BaCl-.’. 2 

H  *()  and  50 M 

H-O. — {Coni' d  i 

(’2 

/,  °c 

300 

|  240 

200 

160 

100 

SO 

60 

40 

20 

-  140 

-230 

-280 

-  330 

-  385 

-393 

-393 

-  376 

10 

-  125 

-  197 

-  230 

-268 

-  293 

-  293 

—  276 

-  234 

12 

-  109 

- 163 

-  188 

-205 

-201 

-  192 

-  159 

-  84 

NH.NO,,  Ci 

O  400 

=  1M 

NH.NOs  and  2 

5M  11,0 

0 

-  1108 

-  1819 

—  2299 

-  2843 

-3721 

-4014 

-4327 

-  464 1 

-5017 

r. 

-  1024 

-  1693 

-2132 

-  2634 

-  3420 

-  3679 

-  3972 

-4223 

-4515 

10 

-  983 

-  1589 

-  1 986 

-2425 

-  3094 

-3345 

-  3596 

-3847 

-  4 1 39 

15 

-  899 

-  1442 

-  1827 

-2216 

-2843 

-  3040 

-3261 

-3491 

-  3763 

20 

-  836 

-1338 

-  1672 

-2019 

-  257 1 

-  2759 

-  2969 

-3157 

-  3387 

25 

-  773 

- 1233 

— 1568 

-  1852 

-  2362 

-  2530 

-2697 

-  2885 

-3010 

30 

-  727 

-  1 1 50 

-  1442 

-  1723 

-2153 

-  2320 

-2446 

-2592 

-  2697 

33 . 5 

-  669 

-  1066 

- 1355 

-  1622 

-  2028 

-2174 

-  2362 

-2425 

-2488 

N a N O 3,  Ci  =C=  400  =  1M  NaNOi  and  25M  H=0 


0 

-1233 

-2007 

-2659 

-3261 

-4348 

-4725 

-5184 

-5561 

-  5895 

5 

-  1087 

-  1798 

-  2333 

-  2885 

-3847 

-4223 

-4599 

-4975 

-5226 

10 

-  1003 

-1647 

-2132 

-  2634 

-3512 

-  3847 

-4181 

-4515 

-4766 

15 

-  911 

-  1497 

-  1915 

-  2375 

-3178 

-3470 

-3763 

-  4056 

-4265 

20 

-  836 

-1380 

-  1756 

-2174 

-  2885 

-  3 1 78 

-3408 

-  3658 

-  3805 

25 

-  769 

-1254 

-  1631 

-2007 

-  2592 

-2822 

-3044 

-3219 

-  3387 

30 

-  690 

-  1154 

-  1497 

-  1840 

-2341 

-2542 

-2709 

-  2885 

-3010 

33 . 5 

-  661 

-  1087 

-  1396 

-  1714 

-2174 

-  234 1 

-2475 

-2592 

-2676 

KNOa,  Ci 

=C=  400 

=  1M 

KNO3  and  25 M  H  »0 

0 

-  1547 

-2634 

-3408 

-  4348 

-6062 

-6815 

-7526 

-8362 

-  9073 

5 

-1505 

-2509 

-3219 

-4014 

—  5561 

—  6104 

-6690 

-7359 

-8069 

10 

-  1421 

-2341 

-  2969 

-3721 

-  5059 

-5519 

-6021 

-  6564 

-7108 

15 

-1338 

-2174 

1 

to 

GO 

-3512 

-4683 

-5101 

-5519 

-5979 

-  6439 

20 

-1212 

-2007 

-2592 

-3219 

-4348 

-4683 

-5101 

-5519 

-  5853 

25 

-1150 

-1923 

-2425 

-3094 

-4014 

-4390 

-4725 

-5101 

-5477 

30 

- 1095 

-  1840 

-2383 

-2885 

-3805 

-4139 

-4474 

-4808 

-5101 

33.5 

-1045 

-  1756 

-2258 

-2759 

-3721 

-  3930 

-4181 

-4515 

-4808 

i.BalNO,)!,  Ci 

~  400 

=  1M  Ba(NC>3)2  and  25M  H 

O 

0 

-  197 

-334 

-443 

-564 

-761 

-836 

-911 

- 1003 

-  1087 

5 

-  171 

-293 

-  376 

-468 

-640 

-702 

-761 

-  836 

- 1003 

10 

-151 

-255 

-334 

-418 

-556 

-606 

-665 

-  711 

-  732 

15 

-138 

-226 

-293 

-364 

-472 

-514 

—  552 

20 

-125 

-201 

-255 

-314 

-401 

-431 

-460 

25 

-  113 

-  176 

-222 

-268 

-351 

-376 

-389 

30 

-  96 

-  159 

-  192 

-251 

-318 

-330 

-334 

33.5 

-  84 

-146 

-176 

-234 

-284 

‘•2Sr(NO»)i,  Ci  =C=  400  =  1M  8r(NOi/i  and  50  MH;Q 


C'i 


t.  °C 

300 

240 

200 

160 

100 

80 

60 

40 

20 

0 

-978 

—  1 568 

—  2049 

-2571 

-3512 

-3847 

-4181 

-  464 1 

-5181 

5 

-911 

-  1497 

-  1902 

-2363 

-3177 

-  3428 

-3742 

-4076 

-  4453 

10 

-832 

-1359 

-  1735 

-2132 

-  2835 

-  3073 

-  3324 

-3617 

-  3888 

15 

-  753 

-1212 

-  1568 

- 1923 

-  2530 

-2718 

-2948 

-3157 

-3387 

20 

-686 

-  1108 

-  1401 

-1714 

-2216 

-2404 

-  2592 

-  2739 

-2843 

25 

-602 

-  974 

- 1233 

-  1526 

-  1965 

-2091 

-2216 

-2341 

30 

-518 

-  845 

- 1087 

-  1321 

-  1706 

-  1819 

-  1902 

-2007 

33 . 5 

-435 

-  732 

-  983 

-1171 

-  1526 

-  1589 

-  1672 

-  1 735 

Heat  of  Dilution  of  Aqueous  Solutions  of  Ethvl  and 
Methyl  Alcohols 

If  m  grams  of  water  are  added  to  M  grams  of  solution  containing 
N  gram-molecular-weights  of  the  alcohol  per  1000  g  of  H20  the 
heat  (Q)  evolved  per  mole  of  water  added  is  given  by 

Q  =  A  —  10-3  X  Bm,  g-calno  Mole 
Q  =  a  —  10-3  X  bm,  joule/Mole 


up  to  m  =  800  g.  All  weights  in  vacuo,  t  =  25°C.  Braham, 
Atmospheric  Nitrogen  Corporation,  Syracuse,  N.  \  O.  Mac¬ 
hines  and  Braham,  1,  39:  2110;  17. 


N 

c2h 

aOH,  M  =  9611  g* 

CHr.OH,  M  =  9600  gt 

A 

B  |  a 

b  | 

A 

B 

a 

b 

1 

2.00 

0.51 

8.37 

2.13  | 

1.10 

0  00 

4.22 

0.00 

2 

8.80 

1  .38 

36.8 

5.78 

4  44 

0.21 

18.6 

0.88 

3 

21 .85 

2 . 48i 

91 .4 

10.38 

10.30 

IC 

O0 

O 

43  U) 

3.45 

4 

40  60 

4.450 

170.0 

18.63 

18.53 

1  8 

77 .5 

*  A  =  0.56 N  +  0.801V2  +  0.72 N'  -  0.08 AO. 

a  =  2.34siV  +  3.35 N"-  +  3.0131V2  -  0.335 TV*, 
f  A  =  -  0.201V  +  1.211V2. 
a  =  -  0.83?1V  +  5.031V2. 


HEATS  OF  COMBUSTION 

Source  of  the  Data 

All  of  the  values  given  in  this  section  have  been  taken  from  the 
critical  compilation  by  Kharasch  (*)  to  which  the  reader  is  referred 
for  bibliography  and  critical  discussion. 

Units 

The  values  recorded  in  the  tables  are  expressed  in  1922  Inter¬ 
national  Combustion  Calories1  per  gram-formula-weight  (in 
vacuo )  of  substance  in  the  liquid  state  (unless  otherwise  indicated 
by  g  =  gas  and  s  =  solid)  when  the  combustion  takes  place  at 
constant  pressure  (1  atm.)  and  at  18  —  20°C,  to  form  gaseous 
CO2  and  N2,  liquid  II20,  and  such  compounds  of  other  elements 
present  as  are  indicated  under  the  individual  entries. 

Standard  Substances  for  Combustion  Calorimetry 

Primary  Standard. — The  Third  Conference  of  the  International 
Union  of  Pure  and  Applied  Chemistry  (Lyons,  1922)  adopted  the 
benzoic  acid  standard  with  the  following  values:  Q  =  6  324g-ealis 
(  =  26466  abs.  j.)  per  gram  in  air;  =6319  g-calis  (  =  26445  abs. 
j.)  per  gram  in  vacuo;  cf.  (3>  5).  These  values  define  what  may  be 
called  the  “  1922  International  Combustion  Calorie.” 

1  Calorics  instead  of  joules  have  been  employed  in  this  section  in  deference  to 
ihe  wishes  of  the  Committee  on  Thermochemistry  of  the  International  Union  of 
Pure  and  Applied  Chemistry. 


OF  ORGANIC  COMPOUNDS 

Proposed  Secondary  Standard. — Salicylic  acid,  Q  =  5  242  g-cal,i 
(s22699  abs.  j.)  per  gram  in  air;  =5 238  g-calu  ( =  21  921  abs.  j.) 
per  gram  in  vacuo  (4). 

Other  Standards. — The  best  values  for  cane  sugar  and  naph¬ 
thalene  may  be  obtained  from  the  following  carefully  determined 
ratios  of  Q  per  gram  in  air  (2). 

Naphthalene  =  Benzoic  acid  =  16028  Naph.=  2.4364 

Benzoic  acid  Sugar  Sugar 

Calculation  of  Heat  of  Combustion  from  Structural  Formula 

The  heat  of  combustion  of  any  organic  compound  in  the  liquid 
state  may  be  calculated  from  its  structural  formula  with  an 
accuracy,  in  most  cases,  of  better  than  1%.  For  most  purposes 
for  which  heats  of  combustion  are  required  this  accuracy  is 
sufficient.  Indeed  it  is  equal  to  or  better  than  the  accuracy  of 
most,  of  the  experimental  values  now  available.  For  a  full 
description  of  the  method  of  calculation  and  comparison  between 
observed  and  calculated  values,  see  (4). 

Heats  of  Formation 

The  heat  of  formation.  //,  of  any  compound  (C„Hi,BrcCld- 
F.I/N„0;,S<)  out  of  its  elements  in  their  standard  states  (».  p. 
169)  may  be  calculated  from  its  heat  of  combustion,  Q,  as  given 
below,  by  means  of  the  equation  H  =  (-Q  +  94.38a  4-  34.196  + 
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0Xc+0Xd  +  75.6#>  +  OX/  +  OXJ+OXH  69.3t)  kg- 
cal  it. 

This  equation  applies  where  the  products  of  combustion  are 
COt(ff),  HjO (l),  Hr Cl t(g),  HE  dilute  aqueous  solution, 

N tig),  SOj (g).  If  the  products  of  combustion  are: 

HBr(a^),  the  numerical  coefficient  of  c  is  2S.54. 

IlCl(a^),  the  numerical  coefficient  of  d  is  39.46. 

IINOaog,  the  numerical  coefficient  of  g  is  49.80. 

H2SO409,  the  numerical  coefficient  of  i  is  207.5. 

To  obtain  II  in  kj  per  g.f.w.  multiply  by  4.1H5  the  value  given 
by  the  above  equation. 

Tables 

The  compounds  are  arranged  in  groups  as  follows: 

1.  (C,  II),  Hydrocarbons. 

2.  (C,  II,  O),  Alcohols  (carbinols). 

3.  (C,  H,  O),  Carboxylic  acids. 

4.  (C,  H,  O),  Acid  anhydrides  and  lactones. 

5.  (C,  II,  O),  Carbohydrates  (sugars,  starch,  cellulose,  etc.). 

G.  (C,  H,  O),  Other  C,  H,  O-compounds. 

7.  Nitrogen  compounds. 

8.  Halogen  compounds. 

9.  Sulfur  compounds. 


Formula 


Name 


kg-calu 

per  mole 


1  Hydrocarbons 


CH. 

CiHj 

C.H. 

CiH. 

C.H. 

C.H. 

C.H. 

C.H, 

(Ml- 

C.Hit 

ill 

ill 

<  11 

C.H  10 

C.Hi. 

C.Hu 

C.Hu 

C.Hu 

C.H,. 

C.H. 

C.H. 

C.H. 

C.H. 

C.H. 

C.H  10 
C.H  10 

C.H  10 

1  M  I 

C.Hu 

C.H>. 

C.Hu 

C.H,. 

C.H,. 

C.H, 

C.H,. 

C.H,. 

C.H,, 

C.Hu 

C.Hu 


Methane  (0) 

Acetylene  (ethine)  (0  > 

Ethylene  ( g )  . 

Ethane  (0) . 

Allylene  (propine)  (g) 


(0) 


Propylene . 

Trimethylene  (0) 

Propane  (g)  . 

Isobutylene  (0) . 

Isobutane  (trimethylmethane) 

Amylene . 

Cyclopentane . 

Mot  hylcyclobu  tune 
Trimethylethylene  (0) 

(liquid) . 

Isopentane  (0) . . 

(liquid)  . 

n-Pentane  (0)  . 

(liquid) . . 

Tetramethylmethanc . 

Benzene  (0) . 

(liquid) . 

Diinethyldiacetylene  (2,  4-hexadiine) 
Dipropargyl  (1,  5-hexadiine) . 

Dihydrobenzene  . 


Bicyclohexane  (0,  1,3). 
Diallyl  (0) . 


Dimethyl  met  hylenccyclopro  pane. 

Tetrabydrobenzene  (cyclohexene) 

Cyclohexane  . 

Hexylene . 

M  ethy  ley  clopen  T  an.- 

Diisopropyl  (0) 
n-l  i.-xanc 
Toluene 
Bicycloheptane 
Cycloheptene 
Heptine-1  . 

Methylenecydohexane 
1  - M et hyl-3-eyel.>hexen  ■ 


210.8* 

312.0 

332 

368. 4f 
456 . 1 J 
473.0§ 

490.2 

496.8 
526 

647.2 
683.41 

803.4 
7s  ;  6 

784.2 
803.6 
796.0 

843.5 
Vis 

838.3 

833.4 
M2  6  ' 

787.2 

783.4 

847.8 
853.5** 
882. 9tt 
833. 2tt 
847.8|§ 

912.5 
928. ltt 
903.4** 
898.0 
892 
939 

952.6 

937.9 

993.9 

990.6 
930 

1030  a 
1049.9 

1091.2 
1050 
1043. e 


*  Average  ol 

t  Max  d.  - 
t  Thomsen. 

5  Bert  helot. 

1  Max  d  -  0  9  -i 


nine  determinations,  max.  d  —  1.1  ‘V 
1.1  *V 


*  Max  d.  -  0.4 
•*  Bert  helot, 
ft  Thomsen. 

Jt  Swictoslawikl 


C»H,8 

C.H  is 

C,His 

CtHit 

C.H.o 

C.H  10 

C.Hu 

C.Hu 

C1H11 

C1H11 

C.Hu 

C.Hu 

C.His 

C»His 

C.H18 

C.H,a 

C.H.8 

CioHs 

CioHio 

C  i.H  ,o 

C10H10 

Ciollu 

CioIIu 

Ciollu 

Ci.Hu 
Ci.Hu 
Ci.Hu 
CioHu 
c  Bit 
CitHtt 
CmHu 

Ci.Hu 
Ce  ll  u 
CioHii 
C,»H ,« 
C10H  u 
CwHm 

Ciollu 

CiiHk 

Ci.Hu 

Ci.Hu 


Formula 

Name 

ktf-oalu 
per  mole 

CiHu 

1-Methyl-  1-cyclohexeu** 

1040. 9 n 
1048.1 

C:Hii 

Cycloheptane 

1087  s 

C7  H  u 

1,  3-Diincthylcyclopentane 

1090  7 

C  Hu 

Methylcyelohexune 

1  09 1  8 

C:Hu 

2,  2-Dimethylpentane 

1 14V  9 

C;H,e 

2,  3-Dimethyliw-ntane 

1148.9 

CiHu 

2,  4-Dimethylpentane 

1148.9 

C:ll  1. 

3,  3-Diniethylp«  ntune 

1147  9 

C:Hu 

3-Ethylpentane . 

1141).  9 

C;IIu 

n-Heptane . 

1149.9 

CiHu 

2-Methylhexane 

1148.9 

CrHlC 

3-Methylhexane  . 

1148.9 

C:H,6 

2,  2,  3-Trimethylbutane. ... 

1 147.9 

C.H, 

Phenylacetylene  (phenylet hine 

1024.3 

C,H, 

Styrene  (phenylethylene) 

1046 

C,Hio 

Ethylbenzene 

1091 . a 

C.H  i. 

o-Xylene 

1093 

C\Hio 

m-Xylene . 

1089. 6 

C,H.o 

/>-Xylene 

1089. 1 

CiHu 

1,  4-Dimethylcyclohcxa-l ,  3-di«*ne 

1 152.2 

CsHu 

1 ,  3-Dimethyldihydrobenzem* 

1148.2 

C.Hu 

1,  Methyl-3-methylene-l-cyelohexeiii' 

1149.2 

C.Hu 

1,  3-Dimethyl-3-cyclohexein 

1194  s 

C.Hu 

Ethylenecydohexane 

1207.7 

C.Hu 

1-Ethyl-  1-cyclohexene 

1203.7 

C.Hu 

Laurolene . 

1192.7 

C.Hu 

t-Laurolene  (1.  1,  2-trimethyleyclopent-2-ene) 

1193  a 

C.Hu 

1,  1-Dimethylcyclohexane 

1242.5 

C.Hu 

1,  3-Dimethyleyclohexane 

1238(7) 

C.Hu 

1,  4-Dimethylcyclohexane 

1229(7) 

C.Hu 

Diisobutylene . 

1252  8 

C.Hu 

Metbylcycloheptane 

1 244 . 5 

C.Hu 

1,  2,  4-Trimethylcyclopentane 

1 245 . 8 

C.H  is 

2,  5-Dimethylhexanc 

1 303  a 

C»H,8 

3,  4-Dimethylhexane 

1303.7 

C.H  is 

3-Ethylhexane . 

1302  a 

Hexamethylethano  (a) 

2-Methy  (heptane 

n-Octanc . 

2,  2,  4- Trimethyl  pentane 

oi-Methylstyrene . 

0-Methylstyrcne  (p-tolylethylene 1 

Isopropylbenzene . 

Mesitylene . 

n-Propylbenzene . 

Pseudocumene  (1,  2,  4-trimethylbenzene) 
1-M ethy  1-4 -ethy ley clohexa-1,  3-diene 
1-Isopropylcyclohex-l-cne. 

Ethylcycloheptane  . 

Methyl-I-n-propylcyclopcntanc 
1,  3,  3-Trimethylcyclohexanc 
1,  2,  3-Trimethylcyclohexane 
1,  3,  4-Tnmethylcyclohexane 
Naphthalene  (a) 

A  l-Di  hydronaphthalene 

A*-Dihydronaphthalene  (s' 

l-Phenyl-3-butine 

ot-0- Dimethylstyrene  («i 

0-Ethylstyrene 

l-Phenyl-3-butene. 

1-Pheny  1-2-hutene 
Tetrahydronaphthalene 
tert.-Butylbenzene 
Hexahydronaphthalene 
4-Isopropyltolucne  (cymene) 

3-n-Propyltoluene  . 

3-Isopropyltoluenc. . 

1,  2.  4,  5-Tetramethylbenzene  (durol) 
Borneoeaniphene 
Camphene  (») 

d-"  Citrene  " . 

Cyclene  (trieyclene)  (») 

1,  5-Dimethyl-3-vinyl-l-cycli>hcxoic 

1-Isobutenyl-l-cyclohexene 

d-Limonene 

I-Limoncne 

l-Methyl-4-i»"|,ropv|ey.  l")o  e  ,1.  l-dl-  "• 


(<) 


1306.1 
1305 

1303.9 

1 202 . 9 
1202  4 

1247  * 
1243.8 
1246  * 
1241  7 
1310  s 
1340  s 
1406  s 
1401  8 
1395(7) 
1396.0 
1383(7) 
1231  s 
130o 
1298  8 
1340  o 

1357.2 
1346  1 
1 850  9 

1361 . 2 
134o 
1400  8 

1419  2 
1405 
1405 
1400 
1393  a 

1470  2 
1468 

1467.1 
1455  7 
1461  • 

1471  1 

1457.2 
1470. t 


55  Stohmann 


Both  and  Auwrr 


1  (»4 
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Formula 

Name 

kg-calu 

per  mole 

1 .  H  ydROCakbONS. — ( Contin ued ) 

CioHi« 

Octohydronaphthalene  . 

1461.7 

d-a-Pinene  (australene) . 

1471 . 9 

1-a- Pinene  (terebenthene) . 

1477 

0-Pinolene . 

1469.3 

C10H1* 

Sylvestrene . . 

1464.7 

Terecamphene  (inact.)  . 

1466.7 

a-Terpinene  . 

1470.4 

cis-Deeahydronaphthalene . 

1502. 5 

(rana-Dccahydronaphthalene  . 

1498 

l-Ethyl-5-dimethylcyclohexene 

1504.5 

Fenchane  . 

1 502 . 8 

CioHh 

Menthene  (A*-terpene)  (A’-menthcne) . 

1523.2 

CioH  ir 

Thujane . 

1506.4 

1 582 . 2 

1 5 14  (?) 

CioH  20 

p-Menthane  (1-isopropyM-methylcyclohexane) 

Mcthvl-l-n-propyl-3-cyclohcxane . 

1502  9 

C10H:! 

1610.2 

Cl0H22 

1615 . 8 

CiiHu 

l-Phenyl-2-pentene . 

1510 . 0 

Pentamethylbenzene  (*) .  . 

1554 . 0 

1 ,  5-Dimethyl-3-isopropene-l-cyclohexene . 

1615.0 

Aeenaphthene  (a)  (periethylenenaphthylene). . . 

1491 . 3 

Cl2HlO 

Diphenyl  (s) . . 

1493-r. 

Cl2lll6 

8,  /S-Diethylstyrene . 

1 664 . 9 

CuHii 

Hexamethylbenzene  (s) . 

1711 . 9 

Ci2H21 

Triisobutylene  [(CH3)2CHC(CH2CH(CH3)2) : 

CHCH(CHj)il . 

1858.3 

Ci  3H10 

1584.9 

C13H12 

Diphenylmethane  (a) . 

1655 . 0 

Anthracene  ($) . . 

1695 

Phenanthrene  (a) . 

1693 

Stilbene  (sj/m.-diphenylethylenc)  (s) . 

1765  0 

CnH  12 

Isostilbene . 

1770  9 

ChHu 

Dibenzyl  ($) . 

1810  s 

Cl4H26 

3,  3-Dimethyldicyclohexyl(m-hexahydroditolyl) 

2106 

ClfiHl4 

a-d-Methylphenylstyrene  (s) . 

1929 

CicHio 

Diphenyldiacetylene  (a)  . 

1975.6 

C16H14 

Diphenylbutadiene  (a) . 

2057 

C16H14 

cts-cis-Diphenylbutadiene  (s) . 

2035 

CuHl4 

(rans-trana-Diphenylbutadiene  (a) . 

2030 

C16H34 

Hexadecane  (s) . 

2559 

Ci»H  12 

Chrysene  ( s ) . 

2139 

CisHig 

Diphenylhexatriene  (s) . 

2288(?) 

CirHis 

Dibenzylbutadiene  ($) . 

2341 

CirHir 

1,  6-Diphenylhexa-l,  5-diene  (s) . 

2342 

CirH  18 

Retene  (s)  (methylisopropylphenanthrene). . 

2307 

CifeH>o 

1,  4-Diphcnyl-l-ethyl-3-butene . 

2372 

C19H15 

Triphenylmethyl  (s) . 

2378 

CioH  16 

Triphenylmethane  (s) . 

2384 

C20H  16 

Diphenylstyrene  (s) . 

2496 

C20H42 

EicOBane  (s) . 

3183 

C24H18 

1,  3,  5-Triphenylbenzene  (s) . 

2937 

C26H20 

Tetraphenylmethane  (s) . 

3102 

C2SH20 

1  Dianthracene  ( s ) . 

3383 

2.  Alcohols 


170.9 

328 

281.0 

C3H4O 

428.9 

442.4 

3 1 1  8U 

CaH.O 

482 

474.8 

431.0 

CaH»Oj 

436.1 

397 . 0 

639 

C4H10O 

C4H10O 

C4H10O3 

638.2 

629 . 3 

567 

504.1 

C&H  10O 

C*H  10O 

CtH  ,oOa 

CkHioOt 

C&H  10O1 

748 

753 

708 

696 . 1 

694.2 

787 

CaHisO 

CiHuO 

792 

Dimethyl  ethyl  carbinol . 

785 

*  Mostly  isobutyl  carbinol. 


Formula 

Name 

kg-calu 
per  mole 

C;,H  1 2O4 

?entaerythritol  (a) . 

661 

CoH  12O5 

Arabitol  (s)  .  . 

612 

caiuO 

Allyldimethyl  carbinol . 

886. st 

913.7J 

Cell  12O 

891 

Cr,H  12O 

6-Methylcyclopentanol  . 

888 

CsHuOi 

Cyclohexan-1,  2-diol  (ci«)  . 

841  6 

Cr.H  12O2 

Cyclohexan-1,  2-diol  ( trana )  .  . 

842.7 

Ci»H  i2Os 

Quercitol  (a) 

704 

CeHizOe 

Inositol  (inosite)  ( s ) . 

662 

CoHhO 

Pinacolyl  alcohol .  . 

939 

CgHhO 

Methyldiethyl  carbinol 

927 

C3H14O2 

Pinacol  (s) . 

897  6 

CgHhOg 

Dulcitol  (a) . 

729  1  5 
723 . 7 1| 

CeHnOo 

c/-Mannitol  ($) . 

727.6 

CjHgO 

Benzyl  alcohol . 

893 

CvHnO 

Diallyl  carbinol . 

1028 

C7H1.0 

Allylrnethylethyl  carbinol . 

1050.1 

CjHhO 

Cycloheptanol . 

1050. 2 

CjHi.O 

Cyclohexyl  carbinol. 

1047.2 

C7H11O 

1,  3-Dimethylcyclopentan-2-ol . 

1030 . 5 

CjHhO 

1,  3-Dimethylcyclopentan-3-ol 

1034. 0 

CvHmO 

l-Ethylcyclopentan-2-ol. 

1039 

C7H..0 

0-Methylcyclohexanol. 

1038 

CtHhOj 

cis-l-Methylcyclohexan-1,  2-diol. 

992.6 

/rans-l-Metnylcyclohexan-1,  2-diol . 

995.1 

CvHigO 

n-Heptyl  alcohol .  . 

1104  9 

CjH.gO 

Triethyl  carbinol . 

1080 

CtHigOj 

Perseitol  (d-mannoheptol)  (s)  . 

836 

CsHkO 

Amylpropargyl  alcohol^  . 

1192 

C»HhO 

Diallylmethyl  carbinol.  . 

1181 

C«HhOi 

Tetramethylbutindiol 

1142 

CsHigO 

Allyldiethyl  carbinol . 

1207 

CsHigO 

Allylmethylpropyl  carbinol 

1202 

CsHigO 

1,  2-Dimethylcyclohexan-2-ol . 

1 196  a 

CgHioO 

1,  3-Dimethylcyclohexan-2-ol . 

1196 

CsHigO 

1,  3-Dimethylcyclohexan-3-ol 

1192  s 

CsHigO 

1,  3-Dimethylcyclohexan-5-ol . 

1183 

CsH.gOj 

Tetramethylbutenediol  (fumaroid) . 

1176 

ChHig02 

Tetramethylbutenediol  (maleinoid)  (a) 

1172 

CsHisO 

Octyl  alcohol  . . 

1262 

CkHisO 

Methyldipropyl  carbinol . 

1233 

c9h,o 

Phenylpropargyl  alcohol**. 

1137 

C0H1OO2 

Hydrinden-1,  2-diol  (cis). . 

1098.6 

CsHioOj 

Hydrinden-l,  2-diol  (Iran*). . 

1096.7 

CsHigO 

Hcxylpropargyl  alcohol . 

1340 

CsHigO 

1,  3,  5-Trimethylcyclohex-6-en-5-ol . 

1295 

CsHisO 

AUylmethyl-n-butyl  carbinol . 

1365 

CsH,sO 

Allylmethyl-terl. -butyl  carbinol . 

1363 

CsH,sO 

Cycloheptylmethyl  carbinol  . 

1342 

CsH.sO 

l-Methyl-3-ethylcyclohexan-3-ol 

1322 

CsHmO 

Ethyldipropyl  carbinol 

1386.6 

Cl0Hl2O2 

1,  2,  3,  4-TetrahydronaphthalencdiolB,  all  forms 

1250 

CioHisO 

Borneol  (synthetic) . 

1466 

CioH  isO 

Borncol  (Borneo  camphor) . 

1470 

CioHisO 

a-Borncol  («) . 

1466 . 6 

CioHisO 

/-Borneol . 

1467. 2 

CioHisO 

Diallylpropyl  carbinol 

1472 

CioHisO 

Terpineol  (s) . 

1469  to 
1480 

CioHisO 

Thujyl  alcohol . 

1477.6 

C10H20O 

Allyldipropyl  carbinol . 

1518  0  fl 
1549  6 } 

C10H20O 

Menthol  (8) .  . 

1509 

C10II22O3 

Terpinehydrate  (a) . 

1451 

c,,h22o 

Allylmethylhexyl  carbinol . 

1667 

Ci2Hig02 

1-Phenylcyclohexan-l,  2-diol  ( cis  and  trans)... 

1564 

CuHuO 

Diphenyl  carbinol  ( 8 ) . 

1615 

CmHmOs 

Ilydrobenzoin  ( s ) . 

1723 

C14H14O2 

CmHmO 

Isohydrobenzoin  (a) . 

i  Amylphenylpropargyl  alcohol  . . 

1728 

1901 

C16H34O 

Cetyl  alcohol  (a)  . 

2504 

CisHhO 

Triphenyl  carbinol  («)  . 

2341 

ChiHigO 

1  Diphenylphenylethinyl  carbinol 

1  2572 

t  Swietoslawaki. 

**  C«Hs.C:C.CH.OH. 

1  Louguinine. 

ft  Swietoslawski. 

§  Bertnelot.  tt  Louguimne. 

||  Stohmann. 
t  CftHu.CrC.CHtOH. 
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Formula 

Name 

kg-cab  i 

per  mole 

Formula 

Name 

kg-calu 
j>er  moic 

3.  C.  H,  O,  Anus 

C'.HuO, 

C,H.O, 

sobutylacetic 

Meconic  (a) 

833 

490  8 

CH,0, 

Formic 

C;H.<), 

Benzoic  (#) . 

711  2 

C,HjO. 

Oxalic  («) 

60 . 1  s 

C,H.O, 

Salicylic  (a)  . 

723  1 

CtH.O, 

Acetic 

207  1 1 

C,H.O, 

m-  Hydroxy  benzoic  (s) 

72.5 . 4 

CiHiO> 

Glycolic  (a) . 

166.6 

CtH.O. 

C-H.O, 

p-Hydroxybenzoic  (*) . 

2,  4-Dihydroxybenaoic  (a) . 

724  a 

676.5 

C.H.O, 

Dihydroxyacetic  (glyoxylic)  (a) 

1 25 . 5 

C,H.O, 

Gallic  (a) . 

633  7 

C«H<0, 

Acrylic . 

327 . 5 

279. 1 

C;H.O. 

Pyrogallolcarboxylic  (a) .  . 

633  4 

C.H.O. 

Pyroracemic,  pyruvic 

C7H60s 

a,  a,  0,  /S-Trimethylenetctracarboxylic  (.<1 

482.7 

C.H.O. 

Malonic  (*)... 

206 . 8 

C7H10O, 

Ai-Tetrahydrobenzoic  (»)... 

857 

C.H.O. 

Tartronic  (a) . 

165.4 

C7H10O2 

A*-Tetrahydrobenzoic  (a) 

886 

C.H.O. 

Mesoxalic  (dihydroxy malonic)  (s) 

128.2 

CjHioO, 

a,  0-Pentamethvlenedicarboxylic  (a) 

781  .  » 

C.H.O, 

Propionic . 

365 

326.0 

C7H10O, 

Teraconic  acid  (-y-dimcthylitaconic)  (a) 

796 

CsHeOs 

Lactic  (a) . 

C7H12O2 

Hexahydrobenzoic .  . . 

934 

C.H.O. 

Acetylenediearboxylic  (a) 

305 . 9 

C7Hi:0. 

Diethyl  malonic  (a) . 

829 

C.H.O, 

Tetrolic  (a) . 

452.4 

Pimelic  (isopropylsuccinic) .  . 

827 

C.H.O. 

Fumanc  ( trans )  (a) ......  . 

320.0 

C  7  H 1 ,0« 

Trimethylsuccinic  (a) . 

829.9 

C.H.O. 

Maleic  (eta)  (a) . 

326 .  1 

C,  II  i.O, 

Ethyl  propylacetic . 

990 

C.H.O, 

Crotonic  (a) . 

477 . 7 

CtH  l.O, 

Heptylie . 

986 . 1 

C.H.O, 

Trimethylonecarboxylic 

481 

C\H«04 

o-Phthalic  (a) . 

771  0 

C.H.O. 

Methylmalonic  (a) .  . 

363 . 6 

C.H.O, 

Isophthalic  (a) . 

768.  a 

C.H.O, 

Succinic  (a) . 

320.1 

275.1 

C.H.O, 

Terephthalic  (a) 

770.4 

C.H.O. 

/-Malic . 

C.H.O, 

Piperonylic  (a) . . 

803 . 5 

C.H.O. 

d-Tartaric  (a) . 

C.H.O, 

Phenylncetie  (»)  . 

930 

(  '  4  H  •  <  >  >. 

d/-Tartaric  (anhydr.)  (*) 

273 . 0 

C*H«Oi 

o-Toluic  (a) 

928. 9t 

CUiaO# 

CiHhOi 

Mesotartaric  (a) . 

n-Butyric . 

276.0 

520 

C.H.O, 

m-Toluie  (a) . 

921.0** 

928.6* 

( \  H-<  • 

CiHuOj 

Isobutyric . 

Hydroxyisobutyric  (*) . 

517.4 

471.8 

C.H.O, 

p-Toluic  (a)  . 

922.2** 
926  9* 

C.H.O, 

di-d-Hydroxybutyric  (*)  . 

487 . 9 

C.H.O, 

o-IIydroxymethylbenzoic  (a) . 

887.3 

C.H.O, 

Pyromucic  (a) .  .  . 

489 . 7 

479.1 

C.H.O, 

1,  2,  3-Hydroxytoluicft  (»)  . 

878  7 

C.H.O. 

cia-Citraconic  (methylmaleic)  (a) 

C.H.O, 

1,  2,  4-Hydroxytoluictt  (a) . 

877  8 

C.H.O. 

Itaconic  (methylenesuccinic)  (a) 

4/5.3 

C.H.O. 

1,  2,  5-Hydroxytoluicft  (»)  ■  •  • 

879  .  s 

C.H.O. 

trans- Mcsaconic  (methylfumaric)  (a) 

476 . 4 

C.H.O. 

1,  2,  6-Hydroxy toluicft  («)  •  ...... 

882  8 

C.H.O. 

a,  a-Trimethylenedioarboxylic  (») 

483 

C.H.O, 

C.H.O, 

C.H.O, 

890 

C.H.O. 

C.H.O, 

a,  /3-Trimethylenedicarboxylic  (a) 

Allylacetic . 

484 

641.0 

p-Methoxybenzoic  (a) . 

Phenoxyacetic  (a) . 

894  ft 

903 

CsHs02 

Angelic  (a) . 

634 . 8 

C.H.O. 

Dihydroterephthalic  (a) . 

842.0 

C.H.O, 

or,  d-Pentenie  («) . 

623 . 7 

C.H.O, 

A1,4-Dihydroterephih;t  ic  (a)  . . 

835  6 

CiH^Oj 

0,  7-Pentenic  (a) . 

632.2 

C.H.O, 

A1,&-Dihydroterephtha!ic  (a)  . 

842.  1 

C.H.O, 

Tetramethylenecarboxylic . 

640 

C.H.O, 

Al,s-Dihydrotcrophthalic  (fum.)  (a) . 

844  » 

C.H.O, 

Tiglic  (») .  •  •  • 

626 . 4 

C.HioO, 

Al-Tetrahydroterephthalic  (a) . . 

882 

C.H.O, 

Levulinie  (d-acctylpropionic)  (») 

576.8 

515.1 

C.HioO, 

A^-Tetrahydroterephthalic  (a) . 

881 

C.H.O. 

C.H.O. 

C.H.O, 

C.H.O. 

A  1  ■  1* 

1083 

517.7 

C&II12O2 

1045 

514.8 

C»H  1 2O2 

1042 

Methylsuccinic  (a) .  . 

515.3 

CsHitOs 

CsHtsOa 

trans- 1,  2-Cyelohexanedicarboxylic  (a) 

930 

C.H.O, 

Trihydroxyglutaric  («)  . 

388 . 3 

C.H„0, 

C.HiiO, 

C.H  i.O, 

C.Hi.O, 

cia-Hexahydroterephthalic  (a)  . 

928.x 

C.HioO, 

C.H.O. 

C.H.O, 

679 

tt  1  i_.  .  _  i_  a  1 _ i :  _  / 

929. 1 

Aconitic  (i) 

Sorbic  (a) . 

1  475.1 

743 

Cycloheptanecarboxylic  (s) . 

Cyclooctane  (act.)J . 

1088 

1089 .1 

C.H.O, 

C.H.O. 

C.H.O. 

C.H.O, 

638 

t  »  1  j _  ,  i . . : 

1086 

628.8 

CaHuOs 

987 

0,  7-IIydromuconic  (a) . .  . 

a,  a-Tetramethylcnediearboxylic  (») . . 

629.1 

642.0 

C,Hi,0, 

C.HuO, 

C.H  1,0, 

unsym. -Diethylauccinic  (a) . . 

aj/r/i.-Dimethyladipic  (a) . 

985 

986.  7 

C.H.O, 

a,  0-Tetrumethylenedicarboxylic  (s) 

642. 1 

C.HuO, 

Ethvlpropylmalonic  (a) . 

983 

C.H.O. 

a,  y-Tetramethylenedicarboxylic  (») .  . 

639 . 4 

C.HuO, 

Suberic  («) . 

983.4 

C.H.O. 

Tricarballylic  (») . 

516.0 

C.HuO, 

Tetramethylsuccinie  (s) . 

989 

C«H«07 

Citric  (anhydr.)  (») 

474.5 

C.HuO, 

Dimcthyldihydroxyadipic  (a) 

889 

C.H.O,.  H,0 

Citric  (cryst.)  (») 

471.4 

C.Hi.O, 

Di  propylacetic . . 

1146 

C«HioOj 

cai.oO* 

795 

1021 

Adipic  (a) . 

668.8 

C»ri«02 

C»H.O. 

Trimcaic  (a) . 

767  0 

CtH  ioO« 

sj/m.-Dimethylsuccinic  (anti)  (*) 

674.2 

C.H.O, 

cia-Allocinnamic  (M.  P.  58°)  (a) 

1047 

C-f,H  ioO« 

jym.-Dimethylsuecinic  (anti)  (a) 

673 . 0 

C.H.O, 

trans-Cinnainie  (») . 

1040 

CcHioO« 

d/-aym. -Dirnethylsuccinic  (a) 

i  671.5 

C.H.O, 

Atropic  («) . 

1044 

C.H..O, 

sym.-Dimethylsuccinic  (para)  (a) 

670.6 

C.H.O, 

ci»-(a//o)-p-Hydroxyrinnamir  (s) 

996 

C.H10O, 

unaj/m. -Dimethylsuccinic  (a) 

671 

C.H.O, 

tra  ns-p-Hydroxy cinnamic  (>) 

991 

C*H  10O4 

CeH  10O4 

Ethylsuccinic  (a) . 

Methylethylmalonic  (*) . 

!  671.2 

672 

C.H.O, 

C.HioO, 

Uvitic  (a) . 

1  Hydrocinnamic  (/J-phcnylpropionic'i  (.*).. 

928  a 
1085 

CftHioOi 

C*H  toOi 

or-Mcthylglutarie  (*) 
l*ropylmalonic  (a) . 

670.6 
!  674 

C.HioO, 

C.HuO, 

1  Mceitylcnic  (a)  . *  •  • 

1  ar-Cyclohexenc-l-propionic 

1085 

1200 

C.H  1*0. 

l8opropylmalonic  (a) 

.  674 

C.HuO, 

Hexylpropiolic 

|  1232 

CtHioOa 

Allomucic  (») . 

494 . 2 

C.H  „0, 

1  Campholytic  (a) 

1366 

C«HioO« 

Mucic  («).... 

483 . 6 

C.HuO, 

Isocampholytir  (*t 

1363 

C.HuO, 

C.H.,0, 

Caproic . . . . 

Diethylacetic.  .  . 

83 1 . 0  X 

838.2} 

831 

H  v.  p.  162. 
r  St  oh  man n. 

X  Sweitoelawnki 

ft  The  numbers  denote  the  positions  of  carboxyl,  hydroxyl 

and  meth 

+  lioth 

§  Fischer  and  Wredc. 

groups  respectively. 
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Formula 


Name 


3.  C,  H,  O,  Acids- 

C«Hi«0, 

Azclaic  ( 8 ) 

0,11.  eC>4 

Dipropylmalonic  (s) 

CoHuOj 

Heptylacetic 

C.oILO, 

Pyromellitic  ( s ) 

C10H.O4 

cis-  Allopiperonylacrylic 

C.oHsOx 

£ranfr*Piperonylacrylic 

C.oHxCL 

Benzalmalonic  ( s ) . 

C’ioH  10O2 

a-Methylcinnamic  (a) 

CioII  10O2 

^-Methylcinnamic  (s) 

C10H10O2 

C10H 10O3 

C10H 10O3 

( lioH  10O3 

C  ioHioOs 

C10II10O4 

C10H10O4 

C10H10O5 

C10H  ioOc 

C10H12O2 

C10H 1  g02 

CxoHxoOa 

C10H16O4 

C10H13O2 

CioHisO, 

CioHisOi 

CioH,»04 

CioHisCL 

C10H20O2 

CnH»02 

C11H802 

C11H10O2 

C11H10O2 

C11H10O4 

C11H10O4 

C11H10O4 

C11H1203 

C11H1203 

C11H1802 

C11H20O2 

C11H20O4 

C11H20O4 

011H2202 

C12H6012 

CnHsCL 

C12H10O4 

C12H1203 

C12H1203 

C12H12012 

C12H1403 

C12H1403 

CX2H2204 

C12H2204 

C.2H2402 

CuHtcOa 

CuHieOa 

C13H24O4 

C14H 12O2 

C14H12O3 

CuHi»0» 

ChHisOs 

Cl4  H  2*02 
C16H14O4 

Ci«HhO« 
C16H1602 
C16H5202 
CnHuOj 
Ci8H..04 
CihI'I  32O2 
C1SH3402 
C^HmC^ 


cia-Phenylisocrotonictt  (a) 
cia-(aUo)-p-Methoxycinnamic  (a) 
trans- p-M®thoxycinnamic  |  §  (a) 
eia-Methylcoumarinic  (a) 

(rana-Methylcoumaric  (a) 

Benzylmalonic  (a) . 

Phenylsuccinic  (a) . 

Opianic  (a) . 

Hemipinic  (s) 

Cumic  (p-isopropylbenzoic)  (a) . 

Geranic . 

Tanacetoneketooarboxylic  (a)  • . 

d-Camphorie  (a) . 

Campholic  (a) . 

Hexahydrocumic  (a) 

Heptylmalonic  (a) . 

Sebacic  (a) . 

Triethylsueeinic  (s) 

Capric  (a) . 

a-Naphthoic  (a) . 

^-Naphthoic . 

Allocinnamylideneacctic  (a) 

Cinnamylideneacetic  (a) 

cia-Acetylcoumarinic  (a)  . 

frana-Acetylcoumaric  (a) . 

Phenylparaconic  (a) . 

cis-Ethylcoumarinic  (a) . 

frans-Ethylcoumaric  (M.  P.  133-134°)  (s) . 

Undecolie  (a) . 

Undecylenic  (a) . 

Nonanedicurboxylic  (a) . 

n-Octylmalonic  (a)  . 

Undecylic  (s) . 

Mellitic  (a) . 

Naphthalic  (1,  8-naphthalenedicarboxylic)  (s) . 

Cinnamylidenemalonic  (yellow)  (a) . 

(3-Benzallevulinic  (a) . . 

S-Benzallevulinic  (a) . 

Hexahydromellitic  (fum.)  (a) . 

cia-Propylcoumarinic  (a) . 

frana-Propylcoumaric  (s) . 

Decanedicarboxylic  (a) . 

Tetraethylsuccinie  (s) . 

Laurie  (s) . . 

frana-n-Butylcoumaric  (s) . 

cia-n-Butylcoumarinic  ( a ) . 

Brassylic  (undecanedicarboxylic)  (a) . 

Diphenylacetie  (*)  . 

Benzilic  (a) . 

Isoamylcoumaric  («) . 

cia-Isoamylcoumarinic  (a) . 

Myristic  (») . 

a-Diphenylsuccinic  (anhydr.)  (easily  sol.  form) 

Willi . 

/3-Di  phenylsuccinic  (difficultly  sol.)  W  . 

Dibenzylacctic  (a) . 

Palmitic  (a) . 

/3-Tolylmcthoxycinnamic  (stable)  (a) 

cr-Truxillic  (a) . 

Stearolic  (a) . 

Elaidic  (a) . 

Oleic . 


1195 
1172 
1163 
1167 
1161 
1082.5 
1082.8 
1090 
1025 
1238 
1379 
1327 
1244 
1412 
1396 
1297 
1297 
1301 
1453 
1232 
1227 
1319 
1311 


kg-calii 
per  mole 

Formula 

Name 

kg-cal  i6 
per  moie 

Ci.HjsOx 

Stearic  (s) . 

2698 

2893 

1141.4 

Gl9H3604 

C20H40O2 

301o 

1140 

1287 

(J22H  40U2 

776 .  « 

C22II12O2 

1076 

C22H42O2 

'  .  '  ....  |  3338 

1067 

C22H44O2 

1056 

1198 

1197 

C22H41O4 

Dihydroxybehenic  (s) 

Cinnamvlidenemaloni  ttt 

2639 

4.  C,  H,  O,  Acid  Anhydrides  and  Lactones 

C4H2O3 
Cdl  3  >:i 
C4II603 

CsH<Oa 

CiHoOa 

CsHcOa 

CeHsOj 

C6Hs03 

CgH803 

CgHio03 

CcHioOa 

CgHioOo 

CgHioOg 

CgHioOc 

CvH.oOa 

C7H.0O4 

C7H12O7 

C8H..03 

CsHgOz 

C8Hio03 


1212 

OJI10O3 

1208 

1195 

CsHnOs 

1323 

C»Hl203 

1316 

CsHmOs 

1538 

CioHsOu 

1580 

Cl0Hl0O4 

1456 

Cl0Hl4O3 

1453 

Cl0Hl6O3 

1610 

C11H12OG 

788 

CnHoO. 

1244 

C12H20O3 

1319 

C12H22O3 

1413 

C14H  I0O3 

1410 

C14H26O3 

923 

CicHioCh 

1476 

C16H12O3 

1470 

C18H14O3 

1611 

C28H22O3 

1619 

C32H30O3 

1772 

1631 

1637 

1769 

1651 

1618 

1790 

1791 
2086 

1810 

1087 

1954 

2380 

2035 

2083 

2629 

2664 

2657H1 

2682*** 


»  C«Hs.CH:CH.CHiCOOH. 

§§  M.  P.  170°  (liq.  cryst.);  clears  at  185°. 

I1 ||  The  heat  of  combustion  of  the  acetone  addition  product  of  a-diphenyl- 
euceinic  acid  (easily  sol.  form)  is  given  as  2237.9  kg-cal. 

11^1  Emery  and  Benedict. 

***  Stohinann.  ttt  Exposed  to  the  action  of  fight. 


Maleic  anhydride  (8) 

Succinic  anhydride  (8)  . 

Acetic  anhydride  ( a )  . 

(liquid) . 

Itaconic  anhydride  (a)  . 

Glutaric  anhydride  (s) 

Methylsuccinic  anhydride  (a)  . 
Dimethylsuccinic  anhydride  (sym.)  (a) 
Dimethylsuccinic  anhydride  (unsym.)  (a) 
Ethylsuccinic  anhydride  . 

Propionic  anhydride 
Saccharic  acid  lactone  (a) 

1-Gulonolactone  (a) . 

d-Mannolactone  (a) 

(-Mannolactone  (a) . . 

Trimethylsuccinic  anhydride  (a) 

Tcrebic  acid  (7,  7-dimethylparaconie  acid)  (a) 
Glucoheptonic  acid  lactone  (8) 

Phthalic  anhydride  (a) . 

Phthalide  (a) . 

cfa-Hexahydrophthalic  anhydride  (sol.)  (a) 
tran a- Hexahydrophthalic  anhydride  (sol.)  (a) . 
sym.-dl- Diethylsuccinic  anhydride  (s) 

anfi'-Diethylsuccinic  anhydride  (a) . 

Diethylsuccinic  anhydride  (unsym.)  (a) . 
Tetramethylsuccinic  anhydride  (a) . 

Glucooctonic  lactone  (s) . 

Phenylsuccinic  anhydride  (a) . 

Meconine  (dimethoxyphthalide) 

Camphoric  anhydride  (a) . 

Triethylsueeinic  anhydride  (s) . 

4-Methyl  opianate  (a) . . 

Naphthalic  anhydride  (a)  . 

Tetraethylsuccinie  anhydride  (a) . 

Diethylacetic  anhydride  (a) . 

Benzoic  anhydride  (a) . 

Heptylic  anhydride  (a) . 

Diphenylmaleic  anhydride 

df-Diphenylsuccinic  anhydride  (a) . 

Cinnamic  anhydride  (a) . 

Diphenylacetie  anhydride  (a) . 

Dibenzvlacetic  anhydride  (glassy)  (a) 


333.9 

369 . 5 

458 . 3 

131 .9 

481.5 
528.0 

527.7 
680 
682  6 
684.  s 

746. 6 

656.8 

614.7 

618.7 

616.3 
836.1 

778.3 

726.3 
781 . 5 
884 
932.0 
937 .  s 
997.  6 
997.  2 
998 
993 
836 . 7 

1094 
1137 
1252 
1310 
I  1263 
1258 
1621 
I  1669 
1 655 
I  1985 
1769 
1816 
2091 
3308 
3931 


5.  C,  H,  O,  Carbohydrates:  Cellttlose,  Starch,  Etc. 


CsHioOs 

CiHioOs 

CgHioOs 

CgH^Og 

CeHnOs 

CcHijOs 

CsHuOs 

CoHnOs 

CgHuOs 

CgHuOg 

CiHuOj 

CnHlsOs 

C12H22O11 

CnHnOn 

C12H22O11.H2O 
C12H22O11 
C12H22O11.H2O 
C12H22O11 
C12H22O11 
C11H22O11 
CieH,20n 
C1GH22O11 
CisHsaOie-HaO 
*  n ,  p.  162. 


Arabinose  (a) . 

Xylose  (a) . 

(-Glucosan  (a) . 

Fucose  (a) . 

Rhamnose  (s)  . 

Rhamnose  (a) 

Galactose  (a) . 

d-Glucose  (dextrose) . 

(-Fructose  (a) . 

Sorbinose  (d-sorbose)  (a) 

Glucoheptose  (a) . 

Rhamnose  triacetate  (a) 
Cellobiosc  (anhydr.)  (a) 
Lactose  (anhydr.)  (s) . .  .  . 

Lactose  (a) . 

Maltose  (a) . 

Maltose  (cryst.) . 

Sucrose  (a)*  ■ 

Trehalose  (cryst.) 
Trehalose  (mycose)  (a) 
Galactose  pentaacetate  (a) 
Glucose  pentaacetate  (a)  . 
Melezitose  (a) . 


559 

561 

678 

712 

718 

711.8 
670 
673 
675 
668 

783.8 
1351 
1350 
1350. 8 

1344.7 

1350.8 
- 

1349.6 

1341.8 
1349.4 
1726 
1726 
2042 


HEAT  OF  COMBUSTION:  ORGANIC  COMPOUNDS 
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Formula 

Name 

kg-ealu 
per  mole 

Formula 

Name 

kg -calu 
|  per  mole 

CuIIasOu 

Raffinoee  (melitose)  (a) . 

2025 . a 

C,Nj 

Cyanogen  ( g ) . 

.  1  260 

Ci*H«Oie.5HiO 

Raffinoee  (erysf.)  . . 

2018  » 

C.H.N 

Acetonitrile  0 j) 

310.4 

CuHjsOit 

Stachyose  (anhyd.)  (calc.)  (a) .  .  .  . 

2709 

(liquid)  . 

302  4 

C»H  1*0 19 

Ccllobiose  octoaoetatc  (a)  . 

3032  « 

C.H.NO 

Glycolic  nitrile 

256  7 

CtsHwOit 

Lactose  oc  to  acetate  (a)  . 

3029  a 

CjH.NO 

Methyl  isocyanate 

269  4 

C*tH»Oi* 

Maltose  octoaoetatc  (a)  . 

3030. « 

C.H.NO, 

Oxarnic  acid  (a) . . 

130 

C?*H  a*.  ( )  1  • 

.Sucrose  octoacetate  (a) 

3033. 3 

C.H.NjO, 

Oxamide  (a) . 

203 

Name 


g-eali,  per  gram 


Starch 

Starch  acetate. 
Inulin 


Inuliti  acetate 
Dextrin 

Glycogen . 

Cellulose . 

Cellulose  acetate 

Xylan 


4179 

4499 

41.10 

4190 

4522 

4 1 1  o 

4186. 

4181 

4496 

426o 


6.  Other  C,  H. 

O-Com pounds  (partial  list  only;  for  complete  list,  r  (l)) 

Formula 

Name 

kg-calis 
per  mole 

CHjO 

Formaldehyde  (g ) . 

134 

1/n  (CH*0)n 

Paraformaldehyde  (a)  . 

122 

C,H.O 

Acetaldehyde  (y)  ■  ■ 

280.5 

CjH.O, 

Methyl  formate  (y) 

279 . 0 
240.2 

(liquid) .  . 

233.1 

CjH.O 

Dimethyl  ether  (g) . 

347.6 

C.H.O 

Acetone . 

427 

C.H.O, 

Ethyl  formate  (g ) . 

398.4 

(liquid) . 

391.7 

C.H.O, 

Methyl  acetate  ( g ) . . 

397.7 

(liquid) . 

381.2 

C.H.O 

Methyl  ethyl  ether  (g) .  . 

503.4 

C.H.O, 

Methylal . 

462.8 

C.H.O 

Methyl  ethyl  ketone . 

582 

C.H.O, 

Ethyl  acetate  (g ) . 

544.4 

(liquid) . 

538.  s 

C.H.O, 

Methyl  propionate  (y) . 

552.3 

C.HioO 

Diethyl  ether  (g) . 

660 . 3 

(liquid) . 

651.7 

C.HioO 

Diethyl  ketone.  . 

736 

CsHioO 

Methyl  propyl  ketone 

736 

C.HioO 

Methyl  isopropyl  ketone 

734 

CtH  10O2 

Ethyl  propionate . 

690.8 

C.H.O, 

Quinone  (a) .  . 

656.3 

C.H.O 

Phenol  (a) . 

732 

C.H.O, 

Pyrocatechol  (a) . 

685 

C.H.O, 

Resorcinol  (a)  . . 

683 

CtHffOs 

Hydroquinol  (») . 

683 

C.H.O. 

Pyrogallol  (a) . 

639 

CtHioOs 

Ethyl  acetoacetate . 

753.« 

C.HuO, 

Ethyl  n-butyrate  . 

851.2 

C.HuO, 

Ethyl  isobutyrate . 

845.7 

C.HuO 

Dipropyl  ketone . 

1051 

C.HuO, 

Amyl  acetate . 

104o 

C.H..O, 

Ethyl  valerate .  . 

1017 

C.H.O 

Acetophenone  (a)  .  .  . 

989 

C.H.O, 

Methyl  benzoate  . 

943 . 5 

C.H.O, 

Methyl  salicylate  . 

898.  s 

C.HuO 

Methyl  hexyl  ketone  . 

1205 

C*H  ioOt 

Ethyl  benzoate . 

1099 

C»H,oO, 

Ethyl  p-hydroxybenzoato  (a) . 

1043 

C.HioO, 

Ethyl  salicylate . 

1051 

CioII.O 

a-Naphthol  (a) . . 

1185 

Cioli.O 

0-Naphthol  (a) . 

1187 

CioHi.O 

Camphor  (a) . 

1411 

CuHioO 

Benzophenone  (a) .  .  . 

1557 

Ci.H.O, 

Anthraquinone  (a) . 

1545 

7.  Nitrooen 

Compounds  (partial  list  only;  for  complete  list, 

r.  (>)) 

CM, NO 

Formamide . 

135 

CH.NO, 

Nitromethane . 

169.4 

CH«N,0 

Urea  (»)  . 

152 

CH,N 

Methylamine  ( g ) 

259 

(liquid) .  ••• 

256 

CjHsNO 
CsHiNOs 
CjHsNO, 
C,H.NO, 
CsHsNOi 
C,H,N 

C,H,N 

CsH.Ns.H.O 

C,H,N, 

C.H,N,0, 

C.H.NjO, 

C.H.N 

C,H,NO 

C.H.N.O, 

C.H.N.O, 

C,H.N,0, 

C,H,N 

C.H;NO 

C.H7NO5 

C.H.NO, 

C.H.NO, 

CjHtNOs 

C.H.NO, 

C.H.NO, 

C,H,N,0 

C.H.N 

C.H.N 

C.N, 

CaH.Nj04.Hj0 

C.H.N 

C.HsN 

C.H.N 

C.HsNOj 

C.H.N, Oj 

C.H.N 

C4H7NO4 

C4H7N.O 

C.H.N.O, 

C.HsN, O. 

C.HsN, 0,.H,0 

C.H.NO 

C.HsNO 

C.H.NO, 

C.H.NjO, 

C.H.N, Oj.HjO 

C.HuN 

C.H.iN 

C.HuN 

C.HuN 

C.HuN 

C.H.N.O, 

C.H.N 

CiHsNsO 

C.H.NjO, 

CsH.NjO, 

C.H.N.O, 

CsHsN.O, 

C.H.NO. 

C.HuN 

C.H..NO, 

C.HuN 

C.H.N, O. 

C.H.N.O. 

C.H.N.O, 

C.H.NjO, 


Acetamide  (s) . 

Nitroothane . 

Ethyl  nitrite  (g) . 

Glycine  (aminoacetic  acid)  (. 

Ethyl  nitrate  (y) . 

Dimethylamine  (y) . 

(liquid) . 

Ethylamine  (y) 

(liquid) . 

Ethylenediamine . 

Malononitrile  («) . 

Parabanic  acid  (s) 

Hydantoin  («) . 

Propionitrile  . 

Ethyl  isocyanate . . 

Trinitroglyeerol 

Malonamidc  («) . 

Hydantoic  acid  («) . 

Allylamine  (y) . 

(liquid) . 

Propionamide  (*) . 

Alanine  («) . 

d-Alanine  (») . 

Nitropropane 
Sarcosine  («) 

Urethane  («) 

Isoserine  (,)  . 

Ethylurea  (*) . 

Propylamine  (y) 

(liquid) . 

Trimethylamine  . 

Carbon  subnitride  (acetylenedicarboxylic  acid 

nitrile)  (s)  . 

Alloxan  (,) . 

Ally  1  cyanide . 

Trimethylene  nitrile 

Pyrrole . 

Succinimide  (a) . 

Diketopiperaxine  (») . 

n-Butyronitrile 
Aspartic  acid  («)..... 

Creatinine  (») 

Succinamide  («)  . 

Asparagine  (*).... . 

Asparagine  (cryst.) . 

n-Butyramide  (*) .  . 

Isobutyramide  (*) 

Isobutyl  nitrite  (y) . 

Creatine  (anhydr.)  (») 

Creatine  (cryst.) . 

n-Butylamine . 

Isobutylamine 
»cc.-Butylamine 
tert. -Butylaminc 
Diethylamine  (y) 

(liquid) . 

Uric  acid  (*) . 

Pyridine . 

Guanine  («) 

4- Mcthyluracil  («) 

5- Methyluracil  (,) 

Pseudouric  acid  (») 

4-Mcthylhydrouracil  1. 

Glutamic  acid  (act.)  (») 

Piperidine . 

d-l-o-Aminoisovalrric  acid  (. 

Isoamylamine  . 

1,  2,  4-Trinitrobcnienc  (*' 

1,  3,  5-Trinitroben.cni  * 

2,  4,  6-Trinitrophenol  (• 

o-Dinitrobenicnc  (») . 


9 


281 

322 . 2 
333 
234 
322 
422 
417 
413 
408  5 

452.6 
394 . 8 

212.4 

311.7 

4.56 . 4 

424.5 
432  4 
359 

308 . 6 
538  1 

524.8 
440 
388.  a 
387 .  a 
477 
401 
397 

343.7 
472 

572.3 

558.3 
578.6 


515 

276.3 
575 
581 
567.7 
438 

474.6 

613.3 
384 
563  1 

509.2 

463 . 3 

459.7 
596.0 
596.0 

644.6 
558 

553. 1 
710. a 
713. « 
713 
716 
731 

722.8 

460.2 
660 
586 
.566 
.565 

454.2 

542.4 

826.6 

867 

674 

664 

620 

703.2 


168 
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Formula 

Name 

kg-eali. 
per  mol 

7  Nitrogen  Compounds. — ( Continued ) 

C«H«NiO« 

m- Dinitrobenzene  (5) . 

697 

cai.XjO. 

p-Dinitrobenzene  (3)  . 

69.5 

C«U.N.O» 

2,  4-Dinitrophenol  (3)  . 

648 

CeHiMOj 

Nitrobenzene  . 

789 

CJUNOa 

o-Nitrophenol  (s)  . 

689 

CoHsNOa 

m-Nitrophenol  (s)  . 

684 

C.HsNOa 

P-Nitrophenol  (s)  . 

686 

CsHsMsOj 

o-Nitroaniline  (3)  . 

766 

C.HcNjOi 

m-Nitroaniline  (s)  . 

765 

CtHsNiOj 

p-Nitroaniline  (a)  . . 

761 

CsHjNsOs 

m-Nitrophenylhydroxylamine .  .  . . 

766 

CcIItN 

Aniline . 

812 

CoHjN 

a-Picoline.  . 

815 

C  r»  II 7  N 

/3-Pieoline . 

812 

CORN 

7-Picoline . 

816 

CgHjNO 

Phenylhydroxylaminc  . 

804 

CbHsNs 

Phenylhydrazine  (3) . 

875 

805 

CgHgN. 

p-Phcnylcnediamine  (s) . . 

843 

CgHuN.Oj 

d-Alanine  anhydride  (s) . 

786 

CeHi.Nj 

Hexamethylenetetramine  ( a ) . 

1006.7 

CcHuNOj 

Leucine  (s) .  . 

856 

C6Hl:,N 

Hexylamine . 

1022 

CeHuN 

Triethylamine . 

1037 

C;IISN 

Benzonitrile . 

866 

C-HiNOa 

m-Nitrobenzaldehvde  (s) . 

800 

C7H5NO. 

o-Nitrobcnzoic  acid  (s) . 

735 

CvHsNOj 

m-Nitrobenzoic  acid  (s) . 

729 

C7H5NO4 

p-Nitrobenzoic  acid  (a) . 

728 

CvHaNaOa 

2,  3,  4-Trinitrotoluene . 

833 

CiHaNaOo 

2,  3,  .5-Trinitrotoluene  (s) . 

824 

CvHaNaOs 

2,  3,  5-Trinitrotoluene . 

825 

CiHaNaOa 

2,  4,  6-Trinitrotoluene  (3) . 

821 

CjHsNaOa 

3,  4,  5-Trinitrotoluene  (a) . 

828 

CjHsNaOa 

3,  4,  6-Trinitrotoluene  (3) . 

826 

CrHaNaO. 

Tetryl  ( 3 ) . 

842 

CtHgNjO) 

2,  3-Dinitrotoluene  ( a ) . 

859 

C7H6N204 

2,  4-Dinitrotoluene  (a) . 

853 

CjHeNaOt 

2,  5-Dinitrotolucne  (s) . 

855 

CyH.NjO. 

2,  6-Dinitrotoluene  ( a ) . 

854 

CvHsNaOa 

3,  4-Dinitrotolucne  (s) . 

860 

CvHcNjOa 

3,  5-Dinitrotoluene  (s) . 

853 

C7H7NO 

Benzainide  ( a ) . 

848 

C7H7NO 

Formanilide  (3) . 

861 

C7H7NO2 

o-Nitrotolucne . 

897 

C7H7NO2 

m-Nitrotoluenc . 

893 

C7H7NO2 

p-Nitrotoluene  (s) . 

889 

C7H7NaOa 

2,  4-Dinitromethvlaniline  (s  . 

884.5 

C7ILN2O2 

p-Nitromethylaniline  (s) . 

924 

C7H»N402 

Theobromine  (s) . 

845 

C7ILN 

Benzylamine . 

967 

C7IRN 

Methylaniline . 

973.5 

C7H9N 

o-Toluidine . 

964 

C7H.N 

m-Toluidine . 

965 

C7H9N 

p-Toluidinc . 

958 

C7H17N 

Ileptylamine . 

1179 

CsHaNO 

Benzoyl  cyanide  (s) . 

940 

C.HiNOs 

Isatin  (s) . 

868 

C.HiNOj 

Phthalimide  (3) . 

850 

C»H7N 

Benzyl  cyanide . 

1024 

c»h7n 

Indole  (s) . 

1022 

C.HtNO, 

Dioxindol  (3) . 

8X6 

c.ibjlo, 

Methyltetryl  (s) . 

1009 

CdH*N,0» 

o-Nitroacetanilide  (3) . 

974 

CaHaNaOa 

m-Nitroacetanilide  (3) . 

970 

CaH.NaOa 

p-Nitroacetanilide  (s) . 

968 

CaHaNO 

Acetanilide  (3) . 

1010 

C.H.NO, 

Phenylglycine  (phenylaminoacetic  acid)  (s) .  .  .  . 

955 

CallaNOa 

o-Nitrophenetole . 

1021 

CaHaNOa 

m-Nitrophenetole . 

1009 

CaHaNOi 

p-Nitrophenetole . 

1006 

C.IIloN.O, 

Caffeine  (a) . 

1014 

C.H.iN 

Dirnethylaniline . 

1143 

C.H11N 

Ethylanilino . 

1122 

C.H^NaO 

Veronal  (5,5-diethylbarbituric  acid)  (3) . 

983 

Call.aN 

Coniine  . 

1275 

CaHtaN 

Diisobutylamine . 

1348 

CaH:N 

Quinoline  . 

1123 

Formula 

Name 

kg-cahs 
per  mole 

CaHaN 

3-MethyIindole.  . 

1 17o 

CallaN 

a-Methylindole . 

1169 

CaH.NOa 

Hippurie  acid  ( a )  . 

1012 

CeHnNO 

Propionanilide  (3)  . 

1 168 

CaHuNOa 

Phenylalanine  (3)  . 

1111 

CaHnNOa 

Tyrosine  (3) . 

1070 

CaH.aN 

Benzylethylamine . 

1290 

CioHaN 

a-Naphthylamino  (a) . 

1264 

C10H9N 

d-Naphthvlamino  (s) . 

1261 

C10H9NO4 

Hemipinimide  (3) .  . 

1099 

CioH.aN 

Tetrahydroquinaldine . 

1382 

C10H13NO2 

Phenacetin  (a) . 

1285 

CioHuNa 

Nicotine . 

1428 

C10H15N 

Dicthylaniline . 

1452 

C10H23N 

Diisoamylamine . 

1660 

C11H7N 

a-Naphthonitrile  ( a ) . 

1326 

C11II7N 

/9-Naphthonitrile  (s) . 

1321 

C12H9N 

Carbazole  (s) . 

1475 

Ci  2  H 10N2 

Azobenzene  ( s ) . 

1546 

C12H11N 

Diphenylamine  (s) . 

153* 

C12H12N2 

Iiydrazobenzene  (s) . 

1597 

1599 

C12H12N2 

Benzidine  (s) .  . 

1561 

C.2H27N 

Triisobutylamine . 

1974 

C13H11NO 

Benzanilide  ( $ ) .  ... 

1576 

C,3Hl2N20 

sym. -Diphenylurea  ( s ) . 

1612 

C13H12N20 

un8ym. -Diphenylurea  (a) . 

1614 

ChHuN 

Dibenzylamine  (s) . 

1853 

CuHssN 

Triisoamylamine . 

2459 

C1GH10N2O2 

Indigo  (s) . 

1815 

C10H13N 

Phenyl-a-naphthylamine  («) . 

2004 

CieHuN 

Phenyl-/3-naphthylamine  (3) . 

1998 

C17H19N03.H20 

Morphine  (s) . 

2146 

CisHuN 

Triphenylamine  (s) . 

2268 

CKH21NO3.H2O 

Codeine  (s) . 

2328 

C19H21NO3 

Thebaine  (s) . 

2441 

CaoHalNO. 

Papaverine  (5) . 

2478 

C20H27NOi1 

Amygdalin  (s) . 

2348 

C21H21N 

Tribenzylamine  (s) . 

2762 

C21H22N2O2 

Strychnine  (s) . 

2686 

C22H23NO7 

Narcotine  (3) . 

1644 

C23H26N2O4 

Brucine  (3) . 

2933 

C23H27N0s.2H20 

Narceine  (s) . 

2803 

8.  Halogen  Compounds  (partial  list  only;  for  complete  list,  r. 

(»)).  Final 

states:  dil.  solution  of  HC1;  Br  vapor;  solid  I2 

CCl. 

Carbon  tetrachloride  (p) . 

44.5 

(liquid) . 

37.3 

CHCla 

Chloroform  (g) . 

70 . 3 

(liquid) . 

89  2 

CIII3 

Iodoform  (s) . 

162 

CH2C12 

Methylene  chloride  (g) . 

106.8* 

CH2I2 

Methylene  iodide . 

178 

CHjBr 

Methyl  bromide  (g) . 

184 

180 

CII3CI 

Methyl  chloride . 

164 

173 

CHaI 

Methyl  iodide  (g) . 

200  5 

(liquid) . 

194.7 

C2HCI3O2 

Trichloroacetic  acid  (a) . 

92.8 

C2H3CIO 

Chloroacetaldehydc . 

234.4 

C2H3CIO2 

Chloroacetic  acid  (3) . 

171.0 

C2IRCI2 

Ethylene  chloride  (0) . 

271 .0 

C2H.CI2 

Ethylidene  chloride  (g) . 

271.1 

(liquid) . 

267. 1* 

C2HiBr 

Ethyl  bromide  (g ) . 

340 

329 

CjIIiCl 

Ethyl  chloride  (g ) . 

316.7 

326.9 

CaHal 

Ethyl  iodide  (0) . 

358 

(liquid) .  . 

356 

C3H4CI 

Allyl  chloride  (0) . 

440.8 

C3H7Br 

Propyl  bromide  (0) . 

497 

CjHaCl 

Propyl  chloride  (g ) . 

478.3 

C3H7I 

n- Propyl  iodide . 

514.3 

C3H7I 

Isopropyl  iodide . 

509.1 

C.HeCl-O: 

Ethyl  dichloroacetate 

463  4 

*  HC1  gas. 
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Formula 

Name 

kg-calu 
per  mole 

C.HtCIO, 

Ethyl  chloroacetate 

493  9 

C.H.C1 

Isobutyl  chloride 

635 . 5 

C.Cl.O, 

Tetrachloroquinone  (*) 

517  7 

CtHChO, 

Trichloroquinone  («) 

546  4 

C»H»C1,0» 

2,  6-Dichloroquinone  (*) 

578 . 9 

C,H,C1,0, 

Chloroanilic  acid  («) 

484.9 

C.H,ChO, 

Tetrachlorohydroquinol  (#) 

563 

CsHiClO, 

Chloroquinone  (*) 

616.6 

CoHiCljO, 

Trichlorohydroquinol  («)  . 

593 

C.H.CI, 

c- Dichlorobenzene  (») 

671 .8 

C.H.CIjO, 

2,  6-Dichlorohydroquinol  (.s) 

614 

C.HiCIO, 

Chlorohydroquinol  (a) 

646 

CtHJ 

T1henyl  iodide . 

771 

C7H.CIO 

3enzoyl  chloride 

783 

C7H7CI 

Benzyl  chloride 

886 . 4 

C.H.CLO, 

Phthalyl  chloride  (s) 

802 

9.  Sulfur  Comfoundh,  final  state:  dilute  II2SO4  aq.,  except  as  othc 

r wise  note 

cos 

Carbonyl  sulfide  (g) . 

130.5* 

cs. 

Carbon  disulfide 

246.6* 

CHiNjS 

Thiourea  (s) . 

342. 8t 

CH,S 

Methylmercaptan  ( g ) 

297.6* 

C,H,NS 

Methyl  thiocyanate  (g ) 

397.4* 

(liquid) . 

453.1 

C2H1NS 

Methyl  isothiocyanate  (g) 

390.5* 

(«) . 

442.9 

CjH«S 

Dimethyl  sulfide  (g) 

455 . 6* 

C,H«S 

Ethyl  mercaptan  ( g ) 

452.0* 

(liquid) . 

517.2 

CjH,NOi.S 

Taurine  (*) . 

382 . 9 

C,H,N,OS 

Thiohydantoin  («) 

503.0 

C.ILNS 

Ethyl  thiocyanate. .  .  .  . 

613.8 

Formula 

Name 

k(7-<-#l  n 

[>er  mole 

C.H.NS 

Ethyl  isothiocyanatc . 

604  1 

C.H.NjOjS 

Thiohydantoic  acid  (»> 

498.5 

C.H.S 

Thiophene  (li<jui<l) . 

670 . 5 

(<;' 

60S .  2 

C«HiN3 

Allyl  mustard  oil  (litjuidl 

733 

(»> . 

673* 

C.H.NiS 

Ally  thiourea  («) . 

792 

C4H9NS, 

Dimethyl  .Y-methylcarbimidedithiolatc 

969 

C.H.NS, 

S-M ethyl  AT-diniethyldithiocjtrlm mate 

(sol.)  954 

C.H.NS- 

Methyl  formothialdine 

964 . 5 

C4H10S 

Diethyl  sulfide  (g) . 

769* 

(liquid) . 

829 

CtHtOiS 

or-Thiophenecarboxylic  acid  ( s 

646 

CsH.OsS 

Tet rahy dro-or-t hi«»phenecarboxy lie  acid 

7  55 

C  1H10N7.S1 

Dimethyl  formocarbothialdine  (sol.) 

1098 

CiHioNsS, 

Carbothialdine  (si»l 

1086 

CjH.oNtS, 

Pentamethylenediamine  disulfine  i.“<il.) 

1  1 13 

CiHuNSj 

S-Etliyl  A’-dimet hyldithiocarbamat*- 

1122 

CsHuNSs 

Dimethyl  AT-ethylcarbimidedithi*>late 

1130 

C«HisN*OiS2 

Cystine  («)  . 

994* 

c.hi.ns. 

S-M  ethyl  AT-diethyldithiocarbamate 

1272 

CtHuNS, 

Diethyl  A'-methylcarbimidedithiolate 

1289 

C«Hi.NS7 

Thialdine  (sol.) 

1264 

C;H,NS 

Phenyl  isothiocyanate 

1024 

C.Hi,NS, 

Dimethyl  A^-phenylcarbimidedithiolate 

1545 

C  isHmNsOjS 

Benzonaphthoqui nonet hiazine  (s) 

.  .  |  2278 

*  Gaseous  SOj. 

t  HjSO«.200HsO. 

LITERATURE 

(For  a  key  to  the  periodicals  see  end  of  volume) 
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THERMOCHEMISTRY  :  HEATS  OF  FORMATION  UNDER  CONSTANT  PRESSURE  (HEATS 

OF  SOLUTION.  HEATS  OF  TRANSITION) 

F.  Russell  Bichowsky 


EXPLANATION 

Arrangement. — Standard,  v.  Vol.  Ill,  p.  viii. 

Column  1.  Formula. — The  formula  appearing  in  Column  1 
identifies  the  substance  whose  heat  of  formation  per  g.f.w.  (gram- 
formula-weight)  is  shown  in  Column  3.  Polymorphic  forms  or 
states  requiring  further  description  than  that  given  in  Column  2 
are  indicated  by  arbitrary  signs  in  parentheses;  e.g.,  by  Greek 
letters,  Roman  numerals,  or  descriptive  phrases.  The  poly¬ 
morphic  forms  are  further  identified  by  the  transition  temperature 
given  in  Column  4  as  superscript  after  the  abbreviation,  Tr. 

Column  2.  Physical  State. — For  each  substance  the  physical 
state  to  which  the  heat  of  formation  refers  is  indicated  in  Column 
2.  See  list  of  abbreviations  below.  All  states  arc  for  1  atm.  and 
18°C,  unless  otherwise  indicated  by  superscript  in  Column  3. 
Numerals  or  formulae  in  Column  2  indicate  that  the  substance  is 
in  solution,  one  g.f.w.  being  dissolved  in  X  g.f.w.  of  the  solvent. 
Where  the  solvent  is  not  explicitly  stated,  water  is  to  be  under¬ 
stood.  Where  the  solvent  is  given  but  the  concentration  not 
stated,  the  solution  is  “dilute.”  Thus,  2(H)  =  “1  g.f.w.  of  the 
substance  (Column  2)  dissolved  in  200  X  18  g  H,0;"  200c, h, oh  = 
“1  g.f.w.  of  the  substance  dissolved  in  200  X  46.0  g  CjH»OH;” 
OS 2  =  “1  g.f.w.  of  the  substance  dissolved  in  a  large  amount  of 
CSt,”  etc. 

Column  3.  Heat  of  Formation. — The  values  in  Column  3  are 
the  number  of  kilojoules,  kj  (absolute),  of  heat  evolved  when  one 
g.f.w.  of  the  substance  (shown  in  Column  1),  in  the  state  given  in 
Column  2,  is  produced  out  of  its  elements,  in  their  standard 
states,  at  18°  and  1  atm.  According  to  the  above  definition  the 
heat  of  formation  of  an  element  in  its  standard  state  is  zero.  The 


standard  state  of  any  element  may  be  located  by  this  fact  and  by 
the  abbreviation  “Def."  in  Column  3  opposite  the  formula  of  the 
element.  Heats  of  formation  of  ions  are  based  on  the  arbitrary 
value,  0.  for  H+,  and  are  for  dilute  solutions  of  completely  ionized 
electrolytes. 

Accuracy. — All  the  values  recorded  in  this  table  have  been 
recomputed  from  the  original  experimental  data,  using  consistent 
values  for  all  subsidiary  quantities.  Heats  of  reactions  and  of 
dilution  may  therefore  be  computed  by  difference  with  an  accuracy 
as  high  as  known.  Estimated  accuracy  is  indicated  by  number  of 
significant  figures.  This  accuracy  is  not  the  absolute  accuracy, 
but  the  accuracy  of  the  particular  reaction  used  to  compute  the 
figure  given  (».  Column  4).  The  absolute  accuracy  w  ill  be  less 
than  that  of  the  least  accurate  determination  in  the  total  chain  of 
reactions  used  to  calculate  the  heat  of  formation  from  the  elements. 

Column  4.  Method. — In  Column  4  an  attempt  has  been  made 
to  indicate  in  a  general  way  the  reactions  which  have  been  employed 
in  computing  the  values  given.  Set  list  of  abbrevia tion>  !  low. 
Formulae  in  this  column,  e.g.,  MOII,  indicati  that  tie  le  al  >; 

formation  of  depends  on  the  value  in  the  taM  for  tin  In  '  "i 

formation  of  dilute  MOH  solution.  Nummls  ii  tins  e,,hinin, 
e.g.,  3.6.5,  not  preceded  by  the  abbreviation  Ir  .  it  lie  it  the 
experimentally  determined  heat  of  solution,  on  h  I  t  ' 1 "  the  in 
Column  4  is  based,  e.g.,  3.6.5  kj.  Nun.  r  Is  in  tin-  ■  •  .  am  follow¬ 
ing  the  sign,  Tr..  •  .<i  .  1  t  .  1 1  v  n  1 ;  rimen tally  deter¬ 

mined  heat  of  transition,  e.g.,  0.8  kj.  Super-eripts  indicate  the 
temperature  at  which  the  reaction  was  lie  sun  t. 

Column  5.  Literaturt  Referenct.i. —  Referenc  s  are  to  the 
original  publication,  except  in  the  case  of  Thomaen,  where  values 
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arc  usually  Quoted  from  his  book.  M  here  the  method  used  b \ 
the  author  is  non-ealorimctric,  e.g.,  temperature  coefficient  of 
KML,  etc.,  the  reference  is  starred.  If  the  reference  contains 
values  determined  at  other  temperatures,  it  is  followed  by  the 
symbol,  °.  If  it  contains  values  for  the  partial  heat  of  solution  or 

other  “partial”  thermal  quantities,  the  reference  is  followed  by 

...  .  dAQ 

the  symbol,  t  by  partial  thermal  quantities  is  meant 

where  N 1  is  the  concentration  of  the  substance,  1,  in  any  units, 
usually  mole  fractions. 


Computations 

To  compute  the  heat  of  any  process  involving  the  disappearance 
of  a  substance  or  substances  in  the  states  given  in  the  table  and 
the  appearance  of  other  or  the  same  substances  in  states  given  in 
the  table:  Add  together  the  heats  of  formation  of  the  products 
of  the  process  in  the  final  states  and  subtract  therefrom  the  sum  of 
the  heats  of  formation  of  the  reactants  in  their  initial  states. 
Thus: 

Heat  of  Reaction. — CaO  (crys.)  +  II20  (liq.)  =  Ca(OH)!  (crys.), 
A Q  =  QCa(OH)2  -  [QCaO  +  (?II20]  =  988  -  [634.9  +  286.2]  = 
66.9  kj. 

Heat  of  Solution—  If  a  direct  experimental  determination  is 
available,  it  will  be  found  in  Column  3  in  the  form  8.66]q0  which 
indicates  that  the  heat  of  solution  of  one  g.f.w.  of  the  substance 
in  400  moles  of  II20  at  18°  is  8.66  kj.  When  the  temperature  or 
dilution  is  not  indicated,  the  precise  value  is  not  given  in  the 
original,  and  the  value  is  for  “room  temperature”  and  for  a 
“dilute”  solution.  If  the  heat  of  solution  is  not  directly  given  in 
Column  4  it  may  be  found  by  writing  the  reaction  and  proceeding 
as  with  heats  of  reaction  above.  For  example,  to  find  the  heat  of 
solution  of  SrCl2.2H20  in  400  moles  of  water,  write:  SrCl2.2H20  = 
SrCl2(4oo)  +  2IIoO;  A Q  =  874.7  +  2  X  286.2  -  1438.4  =  8.7  kj. 

Heat  of  Dilution. — The  molal  integral  heat  of  dilution,  i.c.,  the 
heat  of  diluting,  with  y  moles  of  H20,  a  solution  of  one  g.f.w.  of 
the  substance  in  x  moles  of  H20  is  the  excess  of  the  heat  of  for¬ 
mation  of  1  g.f.w.  of  the  substance  in  the  final  solution  over  its 
heat  of  formation  in  the  initial  solution.  Thus:  The  heat  of 
diluting  one  mole  of  H2S04  in  99  moles  of  water  to  one  mole  of 
II2S04  in  799  moles  of  water  is  871.6  —  867.8  =  3.8  kj. 

Heat  of  Transition. — If  both  forms  of  the  substance  can  be 
obtained  at  18°  and  one  atmosphere,  subtract  the  heat  of  formation 
of  the  final  form  from  that  of  the  initial  form,  lor  transitions 
which  can  be  realized  under  1  atm.  only  at  temperatures  other 
than  18°,  the  heat  of  transition  will  be  found  in  Column  3  after 
the  abbreviation,  Tr.  For  example,  the  heat  of  transition  from 
Mna  to  Mn^  is  given  in  the  form  Mna  .  .  .  Tr. ;  5.5^  00  which 
means  that  5.5  kj  of  heat  is  evolved  when  one  gram-atomic- 
weight  of  a-manganese  changes  to  /3-inanganese  at  1100°. 

Heats  of  Ionization. — The  heat  of  formation  of  a  completely 
ionized  solution  of  a  substance  can  be  considered  as  the  sum  of  the 
heats  of  formation  of  its  ions.  Therefore,  if  the  heat  of  formation 
of  a  completely  ionized  solution  is  known,  and  that  of  all  but  one 
of  its  ions  is  known  the  heat  of  formation  of  the  other  ion  may  be 
calculated.  This  method  has  been  used  in  calculating  the  heats  of 
formation  of  ions  given  in  the  table,  the  heat  of  formation  of  H+ 
being  arbitrarily  taken  as  zero.  Conversely,  knowing  heats  of 
formation  of  the  ions,  the  heat  of  formation  of  a  dilute  solution  of  a 
strong  electrolyte  may  be  found  by  addition  of  the  heats  of  form¬ 
ation  of  its  ions;  e.g.,  the  heat  of  formation  of  (NH4)2Se04  (aq.)  = 
2QNHJ  +  QS cOr  =  2  X  132.7  +613  =  878.4  kj.  Similarly,  the 
heat  of  ionization  of  a  weak  electrolyte  may  be  computed  by 
summing  the  heats  of  formation  of  its  ions  and  subtracting  there¬ 
from  its  heat  of  formation;  e.g.,  H*0  OH“  +  H+;  SQ  =  QOH 
+  QH+  -  QH20  =  228.2  +  0  -  286.2  =  -58.0  kj. 


amorp. 

aq. 

c 

coll. 

Def. 

dil. 

dissoc. 

extrap. 

gls. 

(ideal) 


liq. 

mix. 

N 

PPt- 

sat. 


ABBREVIATIONS,  SIGNS  AND  FORMS 
Abbreviations 

Amorphous,  crytocrystalline  or  ill  defined  solid  state. 
Dilute  aqueous  solution. 

Macrocrystalline. 

Colloidal  gel  or  sol. 

Standard  state. 

Depends  upon  a  heat  of  dilution. 

Depends  upon  a  heat  of  dissociation. 

Extrapolated. 

A  glass  or  solid  supercooled  liquid. 

In  the  condition  indicated  by  the  formula,  e.g.,  for 
X204  the  word  “(ideal)”  in  Column  2  indicates 
that  the  heat  of  formation  is  for  a  gas  composed  of 
N204  molecules  only. 

Liquid. 

Heat  of  mixing. 

From  heat  of  neutralization. 

Precipitated  or  from  heat  of  precipitation. 

In  saturated  solution  in  H20. 


Signs 

In  the  Table 

*  By  indirect  non-calorimetric  methods. 

&  By  several  different  methods. 

00  In  an  infinite  amount  of  H20  unless  otherwise 

indicated. 


In  the  Literature  Reference  Column 
*  By  indirect  non-calorimetric  methods, 

j-  Includes  determination  or  compilation  of  “partial 

quantities. 

°  Includes  determinations  at  temperatures  other  than 

18°. 

Forms 

+X2  Deduced  from  heat  of  reaction  with  X2. 

Tr. ;  0.92(Y)7  The  heat  of  transition  to  crystalline  form  “I  is 
0.92  kj  at  427°. 


Superscripts 

260035  A  superscript  indicates  the  temperature. 


365ioo 


365koh 

365koh(ioo) 

36524kcn 


Subscripts 

The  dilution  of  the  final  solution  is  100  moles  of  IL.O 
per  gram-formula-weight  of  substance. 

In  a  dilute  KOH  solution. 

The  solvent  is  one  mole  KOH  to  100  moles  H20. 

The  solvent  is  a  solution  containing  24  moles  of  KCN 
per  mole  solute. 


Illustrative  Examples 

U20. — The  information  given  in  Columns  2  and  3  is  equivalent 
to  the  following:  “When  two  atomic  weights  (2.0154  g)  of  hydro¬ 
gen  gas  (H2)  at  18°  and  1  atm.  react  with  one  atomic  weight 
(16.00  g)  of  oxygen  gas  at  18°  and  1  atm.  to  produce  one  g.f.w. 
(18.0154  g)  of  liquid  II20  at  18°  and  one  atm.,  286.2  kj  of  heat 
are  evolved.”  This  is  equivalent  (see  conversion  factors  given 
below)  to  0.23895  X  286.2  =  68.39  kg-cal15  and  to  0.94823  X 

,  0.94823  X  286.2 

286.2  =  270.4  BTU60;  it  is  also  equivalent  to  - 18.0154 

453.59243  =  6831  BTUeo  per  lb.  of  H20  produced  or  to 

0.94823  X  286.2  ^  453  59423  =  7693  BTUeo  per  lb.  02  consumed. 
16.0 

Cl~. — The  information  given  in  Columns  2,  3  and  4  is  equi  /alent 
to  the  following:  “The  heat  of  formation  of  a  completely  ionized 
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solution  containing  one  g.f.w.  (35.458  g)  of  Cl"  and  the  equivalent 
amount  of  some  positive  ion  (e.ff.,  a  solution  of  Cl  +  H+  = 
H('loo)  is  the  sum  of  the  heat  of  formation  of  Cl",  Q  =  105.55, 
and  of  H+,  Q  =  0,  which  is  Q  =  165.55  kj.’ 

IliOmot). — The  information  given  in  Columns  2  and  3  is 
equivalent  to  the  following:  “When  two  gram-atomic-weights 
(2  X  1 .0077  g)  of  hydrogen  gas  at  18°  and  1  atm.  react  with  two 
gram-atomic-weights  (2  X  16.00  g)  of  oxygen  gas  at  18°  and  1 
atm.  and  the  product,  1  g.f.w.  (34.0154  g)  of  II2O2,  is  dissolved  in 
200  g.f.w.  of  HjO  (18.0154  X  200  =  3603.08  g),  188.2  kj  of  heat 
is  given  out.”  The  resulting  solution  contains  1  g.f.w.  of  H202  in 
200  g.f.w.  of  H20.  The  mole  ratio  of  water  in  the  solution  is 
therefore  200,  the  mole  ratio  of  IL02  is  0.005.  The  mole  fraction 


of  I1202  is  =  0.004925;  of  I120  is  ^ 


200 


=  0.995075. 
1000 


200  +  1 

The  concentration  in  g.f.w.  II202  per  1000  g  water  is  2QQ~y  ig  01 54 

34.0154  X  100 

=  0.2775.  The  solution  contains  ^ocTx  18.0154)  +  34.0154  = 


0.935  Wt.  %  of  II202. 

Explication 

Arrangement. — Type,  voir  Yol.  Ill,  p.  viii. 

Colonne  1.  Formule. — La  formule  presentee  dans  la  colonne  1 
identifie  la  substance  dont  la  chaleur  de  formation  par  mol  gr. 
(poids  mo!6culaire  en  grammes)  est  indique  dans  la  colonne  3. 
Les  formes  ou  6tats  polymorphiques  necessitant  une  description 
plus  ample  quo  celle  donnee  dans  la  colonne  2  sont  indiquds  par  des 
signes  arbitrages  entre  parentheses,  par  exemple  au  moyen  de 
lettres  grecques,  de  chiffres  remains  ou  de  phrases  descriptives. 
Les  formes  polymorphiques  sont  de  plus  identifiees  dans  la  colonne 
4  par  la  temperature  de  transition  inscrites  apres  l’abreviation  Tr. 

Colonne  2.  Elat  physique. — L'etat  physique  auquel  la  chaleur 
de  formation  so  rapporte  est  indique  pour  chaque  substance  dans 
la  colonne  2.  Voir  la  liste  des  abreviations  ci-dessous.  Tousles 
6tats  sont  consideres  sous  1  atm.  et  it  18°C,  4  moins  d’une  anno¬ 
tation  inscrite  dans  la  colonne  3.  Les  chiffres  et  formules  de  la 
eolonne  2  indiquent  que  la  substance  est  en  solution,  une  mol  gr. 
titant  dissoute  dans  Ar  mol  gr.  du  dissolvant.  Dans  le  cas  oft  le 
dissolvant  n’est  pas  d6fini  explicitement,  il  s’agit  de  l’eau.  Lorsque 
le  dissolvant  est  donn6  mais  que  la  concentration  n’est  pas  6  tab  lie, 
la  solution  est  “diluee.”  Ainsi  200  =  “  1  mol  gr.  de  la  substance 
(colonne  2)  dissoute  dans  200  X  18  g  H20;”  200c5tt5oh  =  “1  mol 
gr.  de  la  substance  dissoute  dans  200  X  46,0  g  C2II6OH;  CS2  = 
“  1  mol  gr.  de  la  substance  dissoute  dans  une  grande  quantity  de 
CS2,”  etc. 

Colonne  3.  Chaleur  de  formation. — Les  valeurs  consignees  dans 
la  36me  colonne  sont  le  nombre  de  kilojoules,  kj  (absolu)  de 
chaleur  d6gag6e  lorsqu’une  mol  gr.  de  ia  substance  (indiqu£e  dans 
la  colonne  1)  sous  l’6tat  donne  dans  la  colonne  2  est  produite  it 
partir  de  sea  elements  sous  leur  6tat  type,  it  18°  et  1  atm.  Con- 
formement  ii  la  definition  donnee  ci-dessus,  la  chaleur  de  formation 
d’un  element  se  trouvant  dans  son  etat  type  est  egale  i\  zero. 
L’etat  type  de  chaque  element  peut  etre  fixe  par  ce  fait  et  par 
I’abreviation  “Def.”  dans  la  colonne  3,  en  regard  de  la  formule  de 
reiemcnt.  Ix*s  chaleurs  de  formation  des  ions  sont  basdes  sur  la 
valeur  arbitraire,  0,  pour  ID  et  sont  pour  les  solutions  diluees 
d ’electrolytes  completement  ionises. 

Precision. — Toutes  les  valeurs  consignees  dans  ccs  tables  ont 
ete  recalcuieos  it  partir  des  donnccs  experimentales  originales,  en 
se  servant  de  valeurs  compatibles  pour  toutes  les  quantitees 
subsidiaires.  Les  chaleurs  de  reaction  et  de  dilution  peuvent 
done  etre  ealeulws  par  difference  avec  une  precision  aussi  grande 
que  possible.  L’estimation  de  la  precision  est  indique  par  un 
certain  nombre  de  chiffres  signifieatifs.  Cette  precision  n’est 
pas  la  precision  absolue,  mais  la  precision  de  la  reaction  parti¬ 
cular**  utilise**  pour  calculer  le  cliiffre  donn6  ( voir  colonne  4). 


La  precision  absolue  serait  moindre  que  celle  *1<*  la  deterniinatiori 
la  moins  precise  dans  la  serie  totale  des  reactions  utilisces  pour 
calculer  la  chaleur  de  formation  a  partir  des  elements. 

Colonne  4.  Methode. — Dans  la  colonne  4.  on  s'est  efiurce 
d’indiquer  d  une  maniere  generalc  les  reactions  qui  ont  etc 
employees  pour  le  calcul  des  valeurs  donnees.  1  nir  la  liste  des 
abreviations  ci-dessous.  Dans  cette  colonne,  les  formules,  par 
exemple  MOH,  indiquent  que  la  chaleur  de  formation  de  M 
depend  de  la  valeur  dans  les  tables  de  la  chaleur  de  formation  de 
solutions  diluees  de  MOH.  Les  chiffres  se  trouvant  dans  cette 
colonne,  par  ex.  3,65,  non  precedes  de  1  abreviation  1  r.,  indiquent 
la  chaleur  de  dissolution  determine**  experiment  a  lenient,  sur  la  que  He 
est  basee  la  valeur  indique**  dans  la  colonne  4,  par  ex.  3,6o  kj.  Si 
les  chiffres  de  cette  colonne  suivent  le  sign**  I  r.,  par  ex.  1  r.  0,N,  cela 
indique  que  la  chaleur  de  transition  determine**  expcrimentalcnn  nt 
est  par  ex.  0,8  kj.  Des  annotations  indiquent  la  temperature  a 
laquelle  la  reaction  a  ete  mesuree. 

Colonne  5.  References  bibliograph  iques. — Les  references  se 
rapportent  a  la  publication  originate,  except**  dans  le  cas  tie 
Thomsen  ou  les  valeurs  sont  ordinairement  tiroes  de  son  livre. 
Dans  le  cas  ou  la  method**  employee  par  1  auteur  11  est  pascalori- 
m6trique,  par  ex.  coefficient-  de  temperature  de  1.I  ..M.,  etc.,  la 
r6f6rence  est  munie  d’un  astcrisque.  Si  la  reference  contient  des 
valeurs  determines  a  d'autres  temperatures,  ellc  est  sui vie  du 
signe,  °.  Si  elle  contient  des  valeurs  concernant  la  chaleur  particlle 
de  dissolution,  ou  autres  quantites  thermiques  “partielles 
la  reference  est  suivie  du  signe,  f.  On  entend  par  quantite 

thermique  particlle  le  rapport  oil  A  est  la  concentration  de  la 

substance,  1,  en  unites  quelconques,  ordinairement  des  fractions 
de  molecules. 

Calculs 

Pour  calculer  la  tonalite  thermique  d’un  processus  entrainant  la 
disparition  d’une  ou  de  plusieurs  substances  sous  les  etats  donnes 
par  les  tables,  et  l’apparition  d’autres  ou  des  memos  substances 
sous  des  etats  donnes  dans  les  tables:  additionner  les  chaleurs  de 
formation  des  corps  produits  par  1**  processus  dans  les  etats 
finaux,  et  soustraire  de  ce  nombre  la  somme  des  chaleurs  de 
formation  des  substances  reagissantes  pris**s  dans  leurs  6tats 
initiaux.  Ainsi: 

Chaleur  de  reaction,  ou  tonalite  thermique  de  la  reaction.  C  at  1 
(crist.)  +  H,0(liq.)  =  Ca(OH)2(crist.),  AQ  =  QCa(OH),  -  [QCaO 
+  QH20]  =  988  -  (634,9  +  286,2)  =  66,9  kj. 

Chaleur  de  dissolution. — Si  une  determination  experimental* 
directe  est  disponible,  elle  se  trouvera  dans  la  dome  colonne  sous  la 
forme  8,664'080  qui  indique  que  la  chaleur  de  dissolution  *1  une  mol 
gr.  de  substance  dans  400  mol  gr.  d'H20  it  18°  est  de  8,66  kj.  Si  la 
temperature  ou  la  dilution  n'est  pas  indique**,  la  valeur  precise 
n’a  pas  ete  donn*5e  dans  l'original  et  la  valeur  est  it  considerer  pour 
la  “temperature  ambiante”  et  pour  une  solution  “diluee.’’  Si  la 
chaleur  de  dissolution  n’est  pas  diroctement  donne**  dans  la 
colonne  4,  elle  peut  etre  trouvde  en  ecrivant  la  reaction  **t  en 
procedant  au  calcul  coniine  avec  les  chaleurs  de  reaction  ci-«l**ssus 
Par  ex.,  pour  trouver  la  chaleur  de  dissolution  de  Sr<  1  dll  * > dans 
400  mol  d’eau,  il  faut  ecrire  SrCl2.2HjO  =  SrCL  *oo)+  -H.D 
A Q  =  874,7  -f  2  X  286,2  -  1438,4  =  8,7  kj. 

Chaleur  de  dilution. — La  chaleur  moldculaire  integral'*  *1**  dilution 
c.it.d.  la  chaleur  obtenue  en  diluant  avec  y  mol  d  H ;•<.),  une 
solution  d’une  mol  gr.  de  la  substance  duns  1  mol  d’H.O,  **>t 
l’exces  de  la  chaleur  *le  formation  d’une  mol  gr.  de  la  subsl  me** 
dans  la  solution  finale  stir  sa  chaleur  de  format  am  dai  a  !  m  ilutmn 
initiale.  Ainsi:  la  chaleur  de  dilution  dune  mol  d  ll>(  b  dans 
99  mol  d’eau,  portae  it  une  mol  d'H:SO«  dm-  709  mol  d  *  au  •*.*•'. 
egale  it  871,6  —  867,8  =  3,8  kj. 

Chaleur  de  transition. — Si  les  deux  formes  de  la  substance 
peuvent  6tre  obtenues  it  18°  et  sous  une  atmosphere,  il  faut 
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soust mire  la  chaleur  do  formation  do  In  forme  finale  de  cello  do  la 
forme  initiate.  Dans  lo  cas  do  transitions  c[iii  no  peuvcnt  etro 
realistes  sous  uno  atmosphere  qu  a  des  temperatures  ditferentes 
de  is  .  la  chaleur  dc  transition  so  trouvera  dans  la  colonne  3 
a  pres  1'abreviation  Tr.  Par  ex.  la  chaleur  de  transition  de  Mna 
a  Mu#  est  donnee  sous  la  forme  Mn„  ...  lr.;  5,5^  ,  qui 

signifie  quo  5,  5  kj  de  chaleur  sont  dbgages  lorsqu’un  atome  gramme 
do  ^-manganese  so  transforme  on  d-manganese  4  1100°. 

Chaleurs  d'ionisatinn. — La  chaleur  do  formation  d’une  solution 
complotemont  ioniste  d  uno  substance  donnee  pent  etre  consider6c 
comme  la  somme  des  chaleurs  dc  formation  de  ses  ions.  C’est 
pourquoi,  si  Ton  connait  la  chaleur  de  formation  d  une  solution 
completement  ionisee  et  cellos  de  tons  ses  ions  sauf  un,  la  chaleur 
de  formation  de  ce  dernier  ion  pout  etre  calculee.  Cette  methode 
a  etc  utilisee  pour  calculer  les  chaleurs  de  formation  des  ions 
donntes  dans  la  table,  la  chaleur  de  formation  de  II+  etant  arbi- 
trairement  prise  comme  zero.  Inversement,  connaissant  les 
chaleurs  de  formation  des  ions,  on  peut  trouver  la  chaleur  de 
formation  d’une  solution  dilute  d’un  electrolyte  fort,  par  addition 
des  chaleurs  de  formation  de  ses  ions;  par  ex.,  la  chaleur  de  forma¬ 
tion  de  (NH4)2Se04(aq.)  =  2QNIlt  +  QSeOr  =  2  X  132,7  + 
613  =  878,4  kj.  D’une  faijon  analogue,  la  chaleur  d’ionisation  d’un 
electrolyte  faible  peut  etre  calculee  en  totalisant  les  chaleurs  de 
formation  de  ses  ions  et  en  soustrayant  du  rcsultat  sa  chaleur  de 
formation;  par  ex.,  H>0  =  OH-  +  H+;  A Q  -  QOH“  +  QH+  — 
QHjO  =  228,2  +  0  -  286,2  =  -58,0  kj. 

ABREVIATIONS,  SIGNES,  FORMES 


Abreviations 


amorp. 

Amorphe,  teat  cryptocristallin,  ou  teat  solide  mal 
ddfini. 

aq. 

Solution  aqueuse  dilute. 

c 

Maerocristallin. 

coll. 

Gel  ou  sol  colloidal. 

Def. 

Etat  type. 

dil. 

Depend  d’une  chaleur  de  dilution. 

dissoc. 

Depend  d’une  chaleur  de  dissociation. 

extrap. 

Extra  pol6. 

gls- 

Un  verre  ou  un  solide  provenant  d’un  liquide 
surfondu. 

(ideal) 

Dans  la  condition  indiquee  par  la  formule,  par  ex., 
pour  N20.i  lc  mot  “(ideal)”  dans  la  colonne  2 
indique  que  la  chaleur  de  formation  est  celle  pour 
un  gaz  compose  seulemcnt  de  mol6cules  de  N204. 

liq. 

Liquide. 

mix. 

Chaleur  de  m61ange. 

N 

De  la  chaleur  de  neutralisation. 

ppt. 

Prteipite  ou  de  la  chaleur  de  precipitation . 

sat 

En  solution  saturee  dans  l’H20. 

Signes  dans  la  table 

* 

Par  methodes  indirectes  non  calorimetriques. 

& 

Par  plusieurs  methodes  diffteentes. 

00 

Dans  une  quantite  infinie  d’H20  moins  d’une  autre 
indication. 

Signes  dans  la  colonne  des  Ref.  bibl. 

* 

Par  methodes  indirectes  non  calorimetriques. 

t 

Comprend  la  determination  ou  la  compilation  de 
quantitbs  “partielles.” 

o 

Comprend  des  determinations  4  des  temperatures 
diffdrentes  de  18°. 

Formes 

+x2 

Deduit  de  la  chaleur  de  reaction  avec  X2. 

Tr.;  0,92(” 

La  chaleur  de  transition  dans  la  forme  cristalline  I 
est  0,92  kj  4  427°. 

260036 


Exposants  ainsi 

Un  exposant  indique  la  temperature. 


365ioo 


365koh 

365koh(ioo) 


36.52.i  kcn 


Indices 

La  dilution  de  la  solution  finale  est  de  100  mol  H20 
par  mol  gr.  de  substance. 

Dans  une  solution  dilute  de  KOH. 

Le  solvant  est  constitue  par  une  mol  KOH  dans  100 
mol  H20. 

Le  solvant  est  constitue  par  une  solution  contenant 
24  mol  de  KCN  par  mol  de  corps  dissout. 


Exemples  Explicates 

HiO. — L’information  donnee  dans  les  colonnes  2  et  3  est  6qui- 
valcnte  it  ce  qui  suit:  “Lorsque  2  atomes  gr.  (2,0154  g)  du  gaz 
hydrogene  (Il2)  it  18°  et  sous  1  atm.  reagissent  avec  un  atome  gr. 
(16,00  g)  d’oxygene  it  18°  et  sous  1  atm.  pour  produire  une 
mol  gr.  (18,0154  g)  d’II20  liquide  it  18°  et  une  atm.,  il  y  a  degage- 
ment  de  286,2  kj  de  chaleur.”  Ceci  est  equivalent  ( voir  les 
facteurs  de  conversion  donnes  ci-dessous)  it  0,23895  X  286,2  = 
68,39  kg-calu,  etc. 

Cl~. — L’information  donnee  dans  les  colonnes  2,  3  et  4  est 
equivalente  a  ce  qui  suit:  “La  chaleur  de  formation  d’une  solution 
completement  ionisee  contenant  une  mol  gr.  (35,458  g)  de  CD 
et  la  quantite  equivalente  d’un  ion  positif  (par  ex.  une  solution  de 
CD  +  II+  =  HCloo)  est  dgale  a  la  somme  de  la  chaleur  de  for¬ 
mation  de  CD,  Q  =  165,55etde  ID,  Q  =  0,  qui  est  Q  =  165,55  kj.” 

// 202( 200)  • — L’information  donnde  dans  les  colonnes  2  et  3  est 
dquivalente  a  ce  qui  suit:  “Lorsque  2  atomes  grammes  (2  X 
1,0077  g)  du  gaz  hydrog&ne  it  18°  et  sous  1  atm.  reagissent  avec 
2  atomes  gr.  (2  X  16,00  g)  du  gaz  oxygene  a  18°  et  sous  1  atm.  et 
que  le  produit  1  mol  gr.  (34,0154  g)  d'H>02,  est  dissout  dans  200 
mol  gr.  d’H20  (18,0154  X  200  =  3603,08  g),  il  y  a  d6gagement 
de  188,2  kj  de  chaleur.”  La  solution  resultante  contient  une  mol 
gr.  H202  dans  200  mol  gr.  d’H20.  Le  rapport  moleculaire  de  1’eau 
dans  la  solution  est  ainsi  de  200,  lc  rapport  moleculaire  de  II202 

est  0,005.  La  fraction  moleculaire  de  II202  est  2txb-jT"~i  =  9’"^- 


925;  celle  de  H20  est  20CH7  1  =  °>9950~5-  La  concentration  en 

1000 

mol  gr.  1I202  par  1000  g  d  eau  est  de  .yQf)  x  ls  ()^  =  0,2775. 


La  solution  contient 


34,0154X100 


(200  X  18,015 


54)-+  34,0154  =  °’935  P°Ur- 


cent  poids  de  H202. 


ERKLARUNG 

Anonlnung. — Standard,  siehe  Bd.  Ill,  S.  viii. 

Reihe  1.  Formel. — Die  Formcl,  welche  in  der  ersten  Reihe 
erscheint,  bezeichnet  den  Stoff  dessen  Bildungswiirme  per  1  G.F.G. 
(Gramm-Formel-Gewicht)  in  der  Reihe  3  erscheint.  Polymorphe 
Formen,  oder  Zustiinde,  die  eine  besondere  Beschreibung  erfor- 
dern,  als  die,  welche  in  der  Iteihe  2  angegeben  ist,  sind  durch 
willkiirlich  gewahlte  Zeichen  in  Klammern  angefvihrt,  z.B.  durch 
griechische  Buchstaben,  romische  Zahlen,  oder  Bemerkungen. 
Die  polj'morphen  Formen  sind  weiter  durch  die  Umwandlungs- 
temperatur  gekennzeiehnet,  welche  in  der  Reihe  4  als  hinauf- 
gesetzter  Index  zu  Tr.  angegeben  ist. 

Reihe  2.  Rhysikalischer  Zustand. — Fiir  jeden  Stoff  ist  der 
physikalische  Zustand,  auf  den  sich  die  Bildungswiirme  bezieht,  in 
der  Reihe  2  angegeben.  Abkiirzungen  siehe  unten.  Alle  Zu- 
stiinde  geltenfiir  1  Atmosphare  und  18°C,  wenn  nicht  durch  hinauf- 
gesetzte  Zeichen  in  der  Reihe  3  etwas  anderes  angegeben  ist. 
Zahlen  oder  Formeln  in  der  Reihe  2  bedeuten,  dass  der  Stoff  in 
Losung  sich  befindet:  es  ist  1  G.F.G.  gelost  in  A'  G.F.G.  des 
Losungsmittels.  Wasser  ist  das  Losungsmittel  dorten,  wo  nichts 
besonderes  bezeichnet  ist.  Ist  das  Losungsmittel  gegeben,  aber 
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die  Konzentration  nieht  festgestellt,  so  ist  die  I4isung  "verdunnt. 
Z.B.  200  =  “1  G.F.G.  von  dem  StofTe  (Reihe  2)  ist  gelost  in 
21K)  X  18  g  11,0;”  200c,h,oh  =  “1  G.F.G.  des  Stoffes  gelost 
in  200  X  46  g  CS2  =  “l  G.F.G.  de.s  Stoffes  gelost  in 

einer  grossen  Menge  CS2;"  u.s.w. 

Reihe  3.  Biltiu  ngs  war  me. — Die  Zahlen  in  der  Reihe  3  bedeuten 
Kilojoule,  kj  fabsolut),  als  diejenige  Warmemenge,  welclie  evt- 
wickelt  wird,  wenn  I  G.F.G.  des  Stoffes  (in  <1it  Reilie  !  arigegeben) 
in  dem  in  der  Reihe  2  angegebenen  physikalischen  Zustand,  aus 
dem  im  Xormalzustand  befindlichen  Klementen  bei  18  (  und  bei 
1  Atmosphiire,  entsteht.  Entsprechend  des gegebenen  Definition, 
ist  die  Bildungswarme  eines  Elementes  im  Normnlzustande  Null. 
Der  Xormalzustand  irgend  eines  Elementes  kann  so  gefunden 
werden  und  auch  durch  die  Abktirzung  "  Def.  in  dor  Reihe  3, 
gegeniiber  dem  Zeichen  des  Elementes.  Die  Rildungswtirmen 
von  Ionen  griinden  sich  auf  der  Basis,  dass  fiir  II,  willkiirlich 
Xull  gesetzt  wird,  sie  geltcn  fiir  verdiinnte  Losungen  vollstandig 
ionisierter  Elektrolyte. 

Genauigkcit. — Alle  in  dieser  Tabelle  angegebenen  Werte,  wurden 
nach  dem  im  Original  befindlichen  experimentellen  Daten  ncu 
gerechnet,  indem  festgelegte  Werte  fiir  alle  Ililfsgrossen  beniitzt 
wurden.  Die  Reaktions-  und  Yerdilnnungs-Wiirmen  kiinnen 
also  durch  Differenzen  berechnet  werden,  deren  Genauigkcit  so 
weit  als  bekannt  geht.  Die  geschiitzte  Genauigkcit  ist  durch  die 
Anzahl  der  gross  geschriebenen  Zahlen  ausgedriickt.  Diese 
Genauigkcit  ist  nieht  die  absolute  Genauigkcit,  aber  die  Genauig- 
keit  der  Teilreaktion  die  verwendet  worden  ist,  urn  die  der 
angegebenen  Zahl  zu  berechncn  ( siehe  Reihe  4).  Die  absolute 
Genauigkeit  wird  kleiner  sein,  als  die  wenigst  genaue  Bestimmung 
in  der  gesamten  Kette  der  Rcakt ionen,  die  gebraucht  worden 
sind,  urn  die  Bildungswarmen  aus  den  Klementen  zu  bereohnen. 

Reihe  4.  Method#. — In  dieser  Reihe  ist  cin  Yersueh  genmeht 
worden,  in  einer  allgemeinen  YV  eise  die  Reaktionen  zu  verzeiehnen, 
die  bei  der  Berechnung  der  angegebenen  Werte  verwendet  worden 
sind.  Abklirzungen  siehe  unten.  Formeln  in  dieser  Reihe,  z.B. 
MOH,  zeigen  an,  dass  die  Bildungswarme  von  M  von  den  in  dor 
Tafel  Angaben  der  Bildungswarme  der  verdiinnten  Losung  von 
MOII  abhangt.  Zahlen,  z.B.  3,(35,  in  dieser  Reihe,  welehen  nieht 
ein  Tr.  vorausgeht,  goben  die  experimentell  bestimmte  Losungs¬ 
warme  an,  auf  Grund  derer  die  Zahl  in  der  Reihe  3  ruht.  In 
diesem  Zusammenhang  bedeutet  die  Zahl  3,65,  dass  die  experi¬ 
mentell  bestimmte  Losungswarme  3,65  kj  betriigt.  Zahlen  in 
dieser  Reihe,  welche  Tr.  folgen,  z.B.  Ir.  0,8,  bedeuten  die 
experimentell  bestimmte  Umwandlungswarme  in  kj,  (0.8  kj). 
Hinaufgesetzte  Indizes  bedeuten  die  lempcratur  bei  welchei  die 
Reaktion  gemessen  worden  ist. 

Reihe  5.  Literaiur-Verzeichnis. — Die  Hinweise  beziehen  sich 
immer  auf  die  Originalarbeit,  ausser  im  Pallc  von  1  homsen,  wo 
gewolmlieh  die  Werte  aus  seinem  Buche  genannt  werden.  Sind 
vo m  Author  nieht-calorimetrische  Methodcn  angewendet  worden 
z.B.  Temperaturkocffizient  der  elektromotorischen  Kraft,  u.s.w., 
so  ist  die  Literaturangabe  mit  einem  Stern  versehen;  enthiilt  sie 
Werte  die  bei  einer  anderen  Temperatur  bestimmt  worden  sind,  so 
erhiilt  sie  das  Zeichen,  °,  oder  enthiilt  sie  partielle  Losungswiirmen 
0der  andere  “partielle”  Werte  einer  thermischen  Grosse,  wird  sie 
mit.  dem  Zeichen,  t,  versehen.  Enter  partielle  thermische  Grossen 

verst  eh  t  man  den  Ausdruek  in  welchem  A’i  die  Konzen¬ 

tration  des  Stoffes  1  in  irgend  einer  Einheit,  gewohnlich  in  Mol- 
brflchen,  bedeutet. 

Berechnungen 

Die  Wiirmetbnung  irgend  eines  Prozesses,  der  das  Yerschwinden 
eines  Stoffes  oder  mehrerer,  von  einem  in  der  Tabelle  angegebenen 
Zustand  und  das  Auftreten  anderen  Stoffen,  oder  derselben  Stoffe, 
in  einem  Zustande  der  in  der  Tabelle  angegeben,  zur  Folge  hat, 
bestimmt  man,  wie  folgt:  Man  addiere  die  Bildungswarmen  der 


Reaktionsprodukte  des  Prozesses  in  dem  Endzustand  zusammen 
und  subtrahiert  davon  die  Sum  mo  der  Bildungswarmen  der 
Ausgangsprodukte  in  ihren  Ausgangszustnnden.  z.B. 

Reaktions  war  me. — CaO  (krist.J  -f-  H..(>  fliiss.)  -  (  a  Oil 

(krist.),  =  QCa(OH),  -  [QCaO  +  <«/IlsO|  =  988  -  [634.9  + 
286,2|  =  66,9  kj. 

Losungswarme. — 1st  eine  direkte  cxperimentolle  Bestimmung 
vorhanden,  findet  man  in  der  Reihe  3  die  Form  8, 66 »las 
bedeutet,  die  Losungswarme  liir  1  G.F.G.  des  Stoffes  in  400  Molen 
Wasser  bei  is  C  i-t  8,66  kj.  1st  die  Temperatur  oder  die  Ver- 
diinnung  nieht  angegeben,  so  ist  der  genaue  Wert  nieht  im  Original 
zu  finden,  der  Wert  gilt  dann  fiir  "  Zimmertemperat  ur  und  eine 
“verdiinnte  Losung.  1st  die  Losungswarme  nieht  direkt  in  tier 
Reihe  4  angegeben,  so  kann  man  sie  finden,  wenn  man  die  Reak¬ 
tion  niederschreibt  und  dann  so  vorgeht,  wie  oben,  bei  tier  Bestim¬ 
mung  der  Reaktionswarmen.  Em  z.B.  die  Losungswarme  von 
SrCl2. 211,0  in  400  Molen  Wasser  zu  finden,  sehreibe  man,  Srt  1 
211,0  =  SrCl2(4oo)  +  21 14);  MJ  =  874.7  +  2  X  286,2  -  1438,4 
8,7  kj. 

Verdiinnungswarme. — Die  molare  integrate  \  erdiinnungswiirme 
ist  die  Warme,  welche  bei  der  Yerdiinnung  mit  //  Molen  Wasser, 
einer  Losung  von  1  G.F.G.  ties  Stoffes  in  .r  Molen  Wasser,  ent¬ 
steht.  Sie  ist  der  Ebersehuss  der  Bildungswarme  die  entsteht, 
wenn  1  G.F.G.  des  Stoffes  zur  Endkonzentration  gelost  wird, 
gegen  die  Bildungswarme  bei  der  Herstellung  tier  Anfangskon- 
zentration.  Z.B.  die  Yerdiinnungswarme  eines  Moles  II, SO 4 
in  99  Molen  Wasser  zu  1  Mol  11,S()4  in  799  Molen  Wasser  ist 
871,6  -  867,8  =  3,8  kj. 

Umwandlungswarme. — Kiinnen  beide  I’ormen  des  Stoffes  bei 
18°C  und  1  Atmosphiire  erhalten  werden,  subtrahiere  man  tlie 
Bildungswarme  der  Endform  von  der  der  Anfangsform.  Kir 
Emwandlungen,  die  bei  1  Atmosphiire  nur  bei  einer  von  18  (. 
verschiedener  Temperatur  beobachtet  werden  kiinnen,  kann  man 
die  Umwandlungswarme  in  der  Reihe  3  naeli  der  Abkiirzung  1  r. 
finden.  Z.B.  ist  die  Umwandlungswarme  von  Mna,  zu  Mnj  durch 
die  Form  M«  .  .  .  Tr.;  5,5g#0  gegeben,  das  bedeutet,  bei 
11()0°C,  wenn  die  Umwandlung  von  1  Grammatorn  a-Mangan  in 
/3-Mangan  vor  sich  geht,  werden  5.5  kj  entwiekelt. 

Ionisationswarmen. — Die  Bildungswarme  einer  vollstandig  io- 
nisierten  Losung  eines  Stoffes  kann  bctrachtet  werden,  als  die 
Summe  der  Bildungswarmen  seiner  Ionen.  Deshalb,  kennt  man 
die  Bildungswarme  einer  vollstiindig  ionisierten  Losung  und  ist 
die  Bildungswarme  aller  Ionen  bis  auf  eines  bekannt,  so  kann  die 
Bildungswarme  des  anderen  Ions  berechnet  werden.  Diese 
Methode  ist  verwendet  worden  um  tlie,  in  der  labelle  angege¬ 
benen,  Bildungswarmen  fiir  die  Ionen  zu  berechncn.  Die  Bildungs¬ 
warme  fiir  das  Wasserstoff-Ion  1I+  wurde  willkiirlich  Null  gesetzt. 
Umgekehrt,  kennt  man  die  Bildungswarmen  der  Ionen,  kann  man 
die  Bildungswarmen  der  verdiinnten  Losung  eines  starken  1  1  < •  k - 
trolyten  durch  Addition  der  Bildungswarmen  seiner  Ionen  finden. 
Es  ist  z.B.  die  Bildungswarme  von  (XII,  ,SeO,(aq.)  2QXH4 
QSeO"4  =  2  X  132,7  +  613  =  878,4  kj.  Ahnlich,  kann  man  die 
Ionisationswarme  eines  schwachen  h.lekt rolyten  berechncn,  in¬ 
dem  man  von  tier  Summe  der  Ionisationswarmen  seiner  h'lcti 
die  Bildungswarmen  desselben  subtrahiert.  Z.B.  ILO  ' ’ll 

H+;  SQ  =  C>OH-  +  <?H+  -  QHjO  =  228,2  +  0 
-58,0  kj. 

ABKURZUNGEN,  ZEICHEN  UND  FORMI.N 


Abkiirzungen 


amorp. 

Ainorph,  kryptokristallinisi 

erter  Zustand. 

aq. 

Verdunnte  wiissrige  Ltisung 

c 

Makrokristallin. 

coll. 

Kolloidales  (iel  oder  Sol 

Def. 

Xormalzustand 
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(]j|  Hangt  von  oinor  Verdiinnungswarme  ah. 

dis.-toe.  Hangt  von  oinor  Dissoziationswarme  ah. 

oxtrap.  Extrapoliert. 

jrp  Ein  Glas  odor  eine  fcste  untorklihlte  Fliissigkeit. 

(i(]oal)  BotrifTt  die  Bedingungen,  wclche  die  Formel  aus- 

drtickt,  z.B.  fur  N  bedeutet  das  Wort  “(ideal)” 
in  dor  Reihe  2,  dass  die  Bildungswarme  fi'ir  ein 
Gas  gilt,  welches  nur  aus  N2O4  Molekeln  besteht. 
liq.  Flussig. 

mix.  Mischungswarme. 

N  Von  dor  Neutralisationswarme. 

ppt.  Niedergeschlagen,  odor  von  dor  Niederschlagswarmo. 

sat.  In  wassriger  gesattigter  Losung. 

Zeichen 


In  der  Tafel 

*  Durch  eine  indirekte  nicht  kalorimetrische  Methode. 

&  Durch  mehrere  verschiedene  Methoden. 

In  einer  unendlich  grossen  Menge  Wasser,  wenn 
nichts  anderes  angegeben. 

In  der  Reihe  der  Literaturangabe 

*  Durch  eine  indirekte  nicht  kalorimetrische  Methode. 

|  Enthalt  Messungen  oder  Sammlungen  von  “  partielle  ” 

Grossen. 

Enthalt  Messungen  bei  einer  von  18°C  verschiedenen 
Temperatur. 

Formen 

+  X2  Abgeleitet  von  Reaktionswarme  mit  X2. 

Tr. ;  0,924(i)  Die  Umwandlungswarme  zur  Kristallform,  I,  ist 
0,92  kj  bei  427°C. 

Hinaufgesetzter  Index 
260035  Der  Index  bedeutet  die  Temperatur. 

Hinuntergesetzteh  Index 

365 100  Der  Index  bedeutet,  dass  die  Verdiinnung  der  Endlo- 

sung  ist  100  Mole  Wasser  auf  1  G.F.G.  des  Stoffes. 
365koii  In  einer  verdiinnten  KOH-Losung. 

365koh(iooj  Das  Losungsmittel  ist  1  Mol  KOH  auf  100  Mole 
Wasser. 

36524  kcn  Das  Losungsmittel  ist  eine  Losung,  welche  24  Mole 
von  KCN  pro  1  Mol  des  gelosten  Stoffes  enthalt. 


Beispiele 

HiO. — Die  in  der  Reihe  2  und  3  gegebenen  Daten  entsprechen 
dem  folgendem:  “Wenn  2  Grammatome,  (2,0154  g)  Wasser- 
stoffgas  (H2),  bei  18°C  und  1  Atmosphare  mit  1  Grammatom 
(16  g)  Sauerstoff  (O),  bei  18°C  und  1  Atmosphare,  miteinander 
reagieren  und  dabei  1  G.F.G.  flussiges  Wasser  (18,0154  g)  bei 
18°C  und  1  Atmosphare  geben,  so  werden  286,2  kj  Warme  ent- 
wickelt.”  Das  ist  aquivalent  ( siehe  die  unten  angegebenen 
Umrechnungsfaktoren)  0,23895  X  286,2  =  68,39  kg-calu,  u.s.w. 

CV. — Die  Daten,  welche  in  der  Reihe  2  und  3  gegeben  sind, 
entsprechen  dem  folgendem:  “Die  Bildungswarme  einer  vollstandig 
ionisierten  Losung,  die  1  G.F.G.  von  Cl-  enthalt  (35,458  g)  und 
die  glciche  Menge  eines  positiven  Ions  (z.B.  eine  Losung  von 
Cl"  +  II+  =  HClco),  ist  die  Summe  der  Bildungswarmcn  von 
Cl-,  Q  =  165,55,  und  von  H+,  Q  =  0,  zusammen  also  165,55  kj.” 

//202(2oo). — Die  Daten,  welche  in  der  Reihe  2  und  3  gegeben 
sind,  entsprechen  dem  folgendem:  “Wenn  2  Grammatome  (2  X 
1,0077  g)  Wasserstoffgas  bei  18°C  und  1  Atmosphare  mit  2 
Grammatomon  (2  X  16  g)  Sauerstoffgas  von  18°C  und  1  Atmo¬ 
sphare,  reagieren  und  das  Reaktionsprodukt  1  G.F.G.  (34,0154 
g)  H202  gelost  in  200  G.F.G.  von  II  O  18,0154  X  200  =  3603,08 
g)  ist,  so  werden  1&8,2  kj  als  Reaktionswarme  frei.”  Die  sich 
ergebende  Losung  enthalt  1  G.F.G.  von  H202  in  200  G.F.G. 
Wasser.  Das  Molenverhaltnis  des  Wassers  ist  also  in  der  Losung 
200,  das  Molenverhaltnis  des  II202  ist  0,005.  Der  Molenbruch  fur 


H2°2  ist  2qqX)X[  =  0,004925;  fur  H20  =  °’995075'  Die 

Konzentration  in  G.F.G.  II202  pro  1100  g  Wasser  Ft 

1000  n 
200X18,0154 

Die  Losung  enthalt  ( x  ls'.u  1 1 1  •  ::i ."151  °.935 Gewichts' 

prozent  auf  II202. 


Disposizione. — Standard,  vedi  Vol.  Ill,  p.  viii. 

Colonna  1.  Formula. — Lo  formule  contenute  nella  colonna  1 
indicano  le  sostanze  di  cui  nella  colonna  3  sono  riportati  i  calori  di 
formazione  per  p.f.g.  (peso  in  grammi  corrispondente  alia  formula). 
Le  forme  polimorfiche  o  gli  stati  i  quali  richiedono  per  essere 
definit.i  indicazioni  piu  ampie  di  quelle  riportate  nella  colonna  - 
sono  indicati  con  segni  arbitrari  tra  parentesi,  p.e.  con  lettere 
greche,  numeri  romani,  o  altri  qualificativi.  Le  forme  polimorfiche 
sono  inoltre  indicate  con  la  temperatura  di  trasformazione  che  5 
riportata  nella  colonna  4  dopo  1  abbreviazione  dr. 

Colonna  2.  Stato  fisico.—  Per  ogni  sostanza,  lo  stato  fisico  al 
quale  si  riferisce  il  calore  di  formazione  e  indicato  nella  colonna  ~. 
Vedi  piu  oltre  la  lista  delle  abbreviazioni.  Tutti  gli  stati,  quando 
non  6  diversamente  indicato  nella  colonna  3,  sono  considerati  alia 
pressione  di  1  atmosfera  e  alia  tempeiatura  di  18°C.  Le  formule 
nella  colonna  2  indicano  che  la  sostanza  6  in  soluzione  e  che  un 
p.f.g.  e  disciolto  in  X  p.f.g.  di  solvente.  Dove  il  solvente  non  e 
indicato,  si  intende  che  si  tratta  dell’acqua.  Dove  d  indicato  il 
solvente,  ma  non  la  concentrazione,  s’intende  che  si  tratta  di 
soluzione  diluita.  Cos!  200  =  “1  p.f.g.  della  sostanza  (della  col. 
1)  disciolta  in  200  X  18  g  di  H20;”  200c,h5oh  =  “1  p.f.g.  della 
sostanza  disciolta  in  200  X  46,0  g  di  C2H5OH;”  CS2  =  “1  P-f.g. 
della  sostanza  disciolta  in  una  grande  quantita  di  CS2,  ”  etc. 

Colonna  3.  Calore  di  formazione. — I  valori  della  colonna  3  sono 
in  numero  di  kilojoules,  kj  (assoluti)  di  calore  svolti  quando  un  p.f.g. 
della  sostanza  (che  figura  nella  colonna  1  e  nello  stato  indicati 
nella  colonna  2)  si  forma  dagli  elementi  considerati  nelle  condi- 
zioni  normali  alia  temperatura  di  18°  e  alia  pressione  di  1  atm. 
Secondo  la  definizione  data  sopra  il  calore  di  formazione  di  un 
elemento  nel  suo  stato  normale  e  0.  Lo  stato  normale  di  un 
elemento  qualsiasi  pud  essere  riconosciuto  da  questo  fatto  e  dall’ 
abbreviazione  “Def.”  nella  colonna  3  in  corrispondenza  del 
simbolo  dell’elemento.  I  calori  di  formazione  degli  joni  sono 
riferiti  al  valore  arbitrario  0  per  H+  e  si  riferiscono  a  soluzioni 
diluite  di  elettroliti  completamente  jonizzati. 

Fredsione. — Tutti  i  valori  riportati  in  questa  tabella  sono  stati 
ricalcolati  dai  dati  originali  sperimentali  usando  valori  ben 
vagliati  per  tutte  le  qua.itita  sussidiarie.  I  calori  di  reazione  e  di 
diluizione  possono  quindi  essere  calcolati  per  differenza  con 
l’accuratezza  maggiore  che  d  possibile.  La  prccisione  che  si  pud 
raggiungere  d  indicata  dal  numero  delle  cifre  significative.  Questa 
precisione  non  d  quella  assoluta;  ma  la  precisione  della  particolare 
reazione  usata  per  calcolare  il  valore  adottato  ( v .  colonna  4).  La 
precisione  assoluta  e  inferiore  a  quella  della  determinazione  ineno 
accurata  nella  serie  di  reazioni  utilizzata  per  il  calcolo  del  calore 
di  formazione  a  partire  dagli  elementi. 

Colonna  4.  Metodo. — Nella  colonna  4  si  d  fatto  il  tentativo  di 
indicare  in  una  maniera  generale  le  reazioni  utilizzate  per  il  calcolo 
dei  valori  riportati.  Vedi  la  lista  delle  abbreviazioni  pid  oltre. 
Le  formule  di  questa  colonna  per  es.  MOH,  indicano  che  il 
calore  di  formazione  di  M+  dipende  dal  valore  che  nella  tabella  d 
riportato  per  il  calore  di  formazione  della  soluzione  diluita  di 
MOH.  Le  cifre  di  questa  colonna,  p.  e.  3,65;  quando  non  sono 
precedute  dall ’abbreviazione  Tr.,  indicano  il  valore  sperimentale 
del  calore  di  soluzione  sul  quale  d  basato  il  valore  della  colonna  4, 
p.e.  3,65  kj.  I  numeri  di  questa  colonna  preceduti  da  Tr.,  per  es. 
Tr.  0,8;  indicano  il  calore  di  trasformazione  determinate  speri- 
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mentalmente,  per  es.  0,8  kj.  I  numori  soritti  sopra  indieano  le 
temperature  allc  quali  le  reazioni  sono  state  misurate. 

Colonna  5.  Letteralura. — La  citazione  si  riferisce  alia  pubbli- 
cazione  originate;  solo  i  valori  del  Thomsen  sono  generalmente 
presi  dal  suo  libro.  Quando  il  metodo  usato  dall’autore  non  e 
quello  calorimetrico  (come  per  es.  quando  il  valore  d  dedotto  dal 
coefficiente  di  temperatura  della  I.E.M.,  etc.)  la  citazione  e 
munita  di  asterisco.  Se  la  citazione  eontienc  valori  determinate 
ad  altrc  temperature,  d  seguita  dal  simbolo,  °,  e  se  eontienc  valori 
per  il  calore  parziale  di  soluzione  o  altrc  quantity,  termielie  p.ir- 
ziali,”  la  citazione  d  seguita  dal  simbolo,  t-  Iter  quantity  termielie 

parziali  si  intendono  i  valori  ^  ^  dove  N i  d  la  concentrazione  della 
sostanza,  1,  in  qualsiasi  unit&.,  generalmente  frazioni  di 
grammimolecole. 

Calcolo 

Per  calcolare  il  calore  di  qualsiasi  processo  che  implica  la 
scomparsa  di  una  o  piu  sostanze  negli  stati  indicati  nella  tabella, 
e  la  comparsa  di  altre  o  delle  stesse  sostanze  negli  stati  indicati 
nella  tabella,  si  sommano  i  calori  di  formazione  dei  prodotti 
final i  e  dalla  somma  si  sottraggono  i  calori  di  formazione  delle 
sostanze  reagenti  nci  loro  stati  iniziali.  Per  esempio. 

Calore  di  reazione. — CaO  (crist.)  +  HjO  (liq.)  =  Ca(OH)2 
(crist.),  A Q  =  QCa(On)2  -  IQCaO  +  QH20]  =  988  -  [634,9  + 

286,21  =  66,9  kj.  ,  . 

Calore  di  soluzione. — Se  esiste  un  valore  sperimentale,  o  si 
trova  nella  colonna  3  sotto  la  forma  8,66i$0  la  quale  indica  che  il 
calore  di  soluzione  di  un  p.f.g.  della  sostanza  in  400  mob  di  H20 
a  18°  d  8,66  kj.  Se  la  temperatura  o  la  diluizione  non  sono 
indicate,  vuol  dire  che  non  lo  sono  nel  lavoro  originalc,  ed  i  valori 
si  riferiscono  alia  temperatura  ambiente  e  a  soluzioni  diluite. 
Se  il  calore  di  soluzione  non  d  direttamente  indicate  nella  colonna 
4,  lo  si  pud  stabilire  scrivendo  la  reazione  e  procedendo  nel  calcolo 
come  d  indicato  sopra  per  i  calori  di  reazione.  Per  es.,  si  supponga 
di  voler  calcolare  il  valore  di  soluzione  di  SrCl2.2H20  in  400  moll 
di  acqua;  allora  si  ha:  SrCl2.2II20  =  SrCl2(4oo)  +  2H20;  A Q  = 
874,7  +  2  X  286,2  -  1438,4  =  8,7  kj. 

Calore  di  diluizione—  Il  calore  molecolare  integrate  di  diluizione 
(e  ciod  il  calore  che  si  ha  nel  diluire  con  y  moli  di  H-.O  una  soluzione 
di  un  p.f.g.  della  sostanza  in  x  moli  di  H20),  d  la  differenza  tra 
il  calore  di  formazione  di  un  p.f.g.  della  sostanza  nella  soluzione 
finale  e  quello  nella  soluzione  iniziale.  Per  es.  il  calore  che  si  ha 
diluendo  una  soluzione  di  una  mole  di  H2S04  in  99  moli  di  acqua 
fmo  a  raggiungere  la  concentrazione  di  una  mole  di  H2S()4  in  799 

moli  di  acqua  d  871,6  —  867,8  =  3,8  kj. 

Calore  di  trasformazione.— So  tutte  le  due  forme  della  sostanza 
possono  ottenersi  a  18°  e  alia  pressione  di  1  atmosfera,  si  sottrae 
il  calore  di  formazione  della  forma  finale  da  quello  della  forma 
iniziale.  Per  le  trasformazioni  che  possono  effettuarsi  al  di  sotto 
di  1  atm.  sol t ant o  a  temperature  diverse  da  18°,  il  calore  di  tras- 
formazione  si  trova  nella  colonna  3  dopo  l'abbreviazione  1  r.  1  or 
eg>  il  calore  di  trasformazione  da  Mn«  a  Mn^  £  indicato  com. 

rpr  ;  5,5^100,  il  che  signifies,  che  quando  un  grammo 
atomo  di  a-manganese  si  trasforma  in  0-manganese  a  1100°  si 
svolgono  5,5  kj. 

Calore  di  jonizzazione.—ll  calore  di  formazione  di  una  soluzione 
com  plot  amente  jonizzata  di  una  sostanza  pud  considerarsi  come 
la  somma  dei  calori  di  formazione  dei  suoi  jom.  Quindi  se  si 
conosce  il  calore  di  formazione  di  una  soluzione  com pletamente 
jonizzata,  e  si  conosce  o  ammetto  quello  di  tutti  l  suoi  jom  mono 
uno  si  pud  calcolare  il  calore  di  formazione  di  quest  ultimo. 
Questo  metodo  d  stato  usato  per  calcolare  il  calore  di  formazione 
degli  joni  dati  nella  tabella,  assumendo  arbitranamente  eguale  a 
0  il  calore  di  formazione  di  HU  Inversamente  conoscendo  . 
calori  di  formazione  degli  joni  si  pud  stabilire  .1  ealorr ■  di  forma- 
done  di  una  soluzione  diluita  di  un  elettrolita  forte  add.z.onando 


i  calori  di  formazione  dei  suoi  joni:  per  es.,  il  calore  di  fonnazipne 
di  (NH«  jSeO<  (aq.)  =  2  QNH4  •  QSeOT  2  x  132,7  •  613 
878,4  kj.  Similmente  il  calore  di  jonizzazione  di  un  elettrolita 
debole  si  pub  calcolare  sommando  i  calori  di  formazione  dei  -mu 
joni  e  sottraendo  poi  il  suo  calore  di  formazione:  per  es.,  H2<) 
OH-  +  H+,  AC  =  QOH"  +  QH+  -  QH20  =  228,2  +  0  -  286,2 
=  -58,0  kj. 

ABBREVIAZIONI,  SEGNI  E  FORMULE 
Abbreviazioni 


amorp. 

Amorfo,  criptocristallino  o  stato  solido 

aq. 

Soluzione  acquosa  diluita. 

c 

Macrocristallino. 

coll. 

Clelo  o  solo  colloidalc. 

Dcf. 

Condizioni  normali. 

dil. 

Dedotto  da  un  calore  di  diluizione. 

dissoc. 

Dedotto  da  un  calore  di  dissociazione. 

extrap. 

Estrapolato. 

gls. 

Un  vetro  o  un  liquido  sopraraffreddato. 

(ideal) 

Nelle  condizioni  indicate  dalla  formula 

liq. 

mix. 

N 

ppt. 

sat. 


& 


P-  es.  per 

N204  la  parola  “  (ideal  I  ’’  nella  colonna  2  indica  che 
il  calore  di  formazione  si  riferisce  ad  un  gas 
formato  sol  tan  to  di  molecule  N2()4. 

Liquido. 

Calore  di  mescolamento. 

Dal  calore  di  neutralizzazione. 

Precipitato  o  dal  calore  di  precipitazione. 

In  soluzione  satura  in  1I20. 

Segni 

Nella  Tabella 

Con  metodo  indiretto  non  calorimetrico. 

Con  parecchi  metodi  differenti. 

In  una  quantity  infinity  di  HjO  se  non  d  altrimenti 
indicato. 

Nella  Colonna  Delle  Citazioni 
Con  metodi  indiretti  non  calorimetrici. 

Include  la  determinazione  o  la  compilazione  di 
quantity  “parziali.” 

Include  determinazioni  a  temperature  diverse  da  18°. 

Forme 

Dedotto  da  calore  di  reazione  con  X2. 

Tr.;  0,92aV  II  calore  di  trasformazione  nella  forma  cristallina 
“I”  6  0,92  kj  a  427°. 

Numeri  Soprascuitti 

Un  numero  soprascritto  indica  la  temperatura. 
Numeri  Sottoscritti 

La  diluizione  della  soluzione  finale  d  100  moli  di 
HjO  per  p.f.g.  di  sostanza. 

In  una  soluzione  diluita  di  KOI1. 

Il  solvente  d  una  mole  di  KOH  in  100  moli  di  H  p  >. 

11  solvente  d.  una  soluzione  contenente  24  moli  di 
KCN  per  mole  di  sostanza  disciolta. 

Esempi  Illustrativi 

//  o  — Le  notizic  riportate  nelle  colonne  2  e  3  significano  quanto 
segue:  “Quando  due  grammi  atomi  (g  2,0154)  di  idrogeno  e 
(II,)  a  18°  e  una  atm.  reagiseono  con  un  grammo  atm.  ■>  r  "  _  ’ 
,1,  oesigeno gas  a  18  e  una  atm.,  per  prmlurre  unp-f-g- < K  . 

di  H20  liquids  a  18°  e  a  una  atm.,  s.  sviluppano  _w.  -  k;. 
equivalgono  (zedi  i  fattori  di  oonvereione  dati  p>  . 

0  °3895  X  286,2  =  68,39  kg-cal.i. 

’  ci-  notizie  date  nelle  colonne  2.  3  e  4  significano  quanto 

segue.  “Il  calore  di  formazione  di  una  soluzione  compleUmente 

jonizzata  emit. monte  un  pic  t  1  ® 

cquivalente  di  un  jone  positive  qualsiasi  (per  es.  una  soluzioat 


+X 


2600“ 

365  ioo 

365koh 
365koh(ioo) 
36524  kcn 
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C|  -f  II  1I('1U1 1  e  la  somma  del  calore  di  formazione  di  Cl  , 
Q  165,55,  e  di  H+,  Q  =  0,  e  cioe  Q  =  165,55  kj." 

11,0  1  numeri  riportati  nolle  colonne  2  e  3  significant) 

quanto  >rgue.  “Quando  due  gr.  atoini  (g  2  X  1,0077)  di  idrogeno 
gassoso  a  18°  e  a  una  atm.  reagiseono  con  2  gram  mi  atorni  (g 
2  X  16,00)  di  ossigeno  gassoso  a  18°  e  a  una  atm.,  e  il  prodotto,  1 
p.f.g.  (g  34,0154)  di  1 1 2O2  si  seioglie  in  200  p.f.g.  di  11,0  (18,0154  X 
200  =  3603,08  g)  si  sviluppano  188,2  kj.”  La  soluzione  risultante 
contiene  un  p.f.g.  di  II,02  in  200  p.f.g.  di  1I20.  II  rapporto  fra  il 
numcro  di  molecule  di  acqua  e  di  acqua  ossigenata  e  percio  200, 
e  quello  tra  le  molecole  di  II202  e  di  ll20  e  di  0,005.  La  frazione 

1  200 
di  mole  di  H202  6  .,()()  t  =  0,004925;  e  di  11,0  e  2Q0  +  t  = 

0,995075.  La  concentrazione  in  p.f.g.  di  H202  per  1000  g  acqua  6 

1  non 

=  0,2775. 


1000 

2011  X  18,0154 

34,0154  X  100 

La  soluzione  contiente: 


cento  in  peso  di  II202. 


(200  X  18,0154)  +  34,0154 


Conversion  factors 


=  0,935  per 


To  convert  kj  to : 

Multiply  by 

Pour  convertir  kj  en: 

Multiplier  par 

ist  zu  multiplizieren 

Logu,  = 

Um  kj  zu  venvandeln  in: 

mit 

Per  convert  ire  i  kj  in: 

Moltiplicare  per 

kg  calls . 

0 . 23895 

1 . 378304 

BTUeo . 

0 . 94823 

1.976912 

CTUi. . 

0.52679 

1.721639 

Latin . 

9 . 8690 

0 . 994272 

kg  m . 

101.972 

2.00S479 

ft.  lb . 

737 . 56 

2.867798 

h.p.  hr  (elec.! . 

0.00037236 

4.570959 

cheva!  vap.  hr . 

0 . 00037767 

4.577116 

kw  hr  (abs.) . 

0.00027778 

4 . 443698 

volt  Faraday  (abs.) . 

0.010363 

2.015473 

volt  amp.  sec-1 . 

1000. 

3.000000 

quanta  sec-1 . 

1.5258  X  1036 

36.183494 

Table 

Formula 

|  State  |  Q,  kj  | 

Method  | 

Lit. 

Oxygen 


gas 

c 

0 

Dcf. 

o„  . 

Tr.;  0.7017,*31 

•(II) 

Tr.;  0.073^° 

■(III)  . 

aq. 

Pt 

13.8 

13.8* 

736 

+  Pt“» 

0 . 

gas 

gas 

aq. 

-  341 

dissoc.* 

Oa 

-  144 

dissoc.;  & 

-  136 

8* 

()• . 

gas 

-f*  0.5 

dissoc.* 

Hydrogen 


\U 


H+ . . 


OH -{cf.  p.  212' 


gas 

0 

Def. 

sat. 

5.94 

5.94 

in  Pt 

57.8 

+  Pt 

as  Pd*H 

74.2 

+  l’d 

gas 

-  211 

dissoc.* 

Ob 

0 

Def. 

CsHsOH 

-  29.0 

HCIcjHsOH 

aq 

228.2 

KOH;  & 

Formula 


State*  |  Q,  kj  Method 

Hydrogen. — ( Continued) 


Lit. 


H?0 . 


(346) 

(  3  4  6  ) 

(426,  1  047,* 
1050) 

(727) 

(197.5,  347) 
(76,  547,  575, 
739,  790*) 
(368,*  888*) 
(636*) 


(980,*  1  047-f-) 
(357,  727) 
(357,  445,* 
726) 

(299.  5,  31  3.5, 
605,  606, 
607,*  641.1,* 
91  5.5,  1  063*) 


11*02 


lxi. 

286 . 2 

H2  +  Oi;  &  i 

gas 

242.0 

—liq. 

liq. 

186.3 

1  915 

1  M200 

gas 

137.7 

—►liq.* 

200 

188.2 

+  KMnOi;  & 

3.46 

187.9 

dil. 

2.53 

187.8 

dil. 

1.00 

186. 9 

dil. 

Fluorine 


F* . 

F- . 

HF  (ideal) . 

(HF)3.j[HF  at  745  mm 
HF . 


HF2 . 

FlflFotiiieal)  • 


Chlorine 


(311) 


(2,  1  6,  1  00. a. 
1  6  5,  308, 
322,  358.5, 

4  59.  5,  7  04, 
890,  9  16, 
970,  97  1. 
976) 

(260,  461. 
508,*  509, > 

5  l  0,*  524  .* 
864,  865, 
926) 

(389) 

(2  5  1,*  65  1, 

6  4  1.1,4 
1066*) 

(72,  93,  1  46, 
976) 

(389) 


gas 

0 

Def. 

aq. 

327.3 

KF 

gas 

267.8 

II2  -|-  F2;  & 

gas 

958.4 

dissoc.* 

liq. 

397 

19 

600 

316.8 

dil. 

400 

.316.2 

(HFff)48.4‘*0 

200 

316.2 

dil. 

12 

316.2 

dil. 

6.5 

315.8 

dil. 

2.2 

314.3 

dil. 

1.7 

312. S 

dil. 

0.5 

307.6 

dil. 

aq. 

624.1 

KHFi 

gas 

1774 

dissoc.* 

(464,  465. 

1  032) 
,923*) 

(464, 465 1 
(157,  797) 
(1  67,  1  032) 
(464,  465) 


CL . . 

gas 

0 

Def. 

aq.  (ideal) 

3o 

aq.* 

ecu 

19.0 

19.0“ 

aq. 

22 

aq. 

Cl 

gas 

-  120.3 

dissoc  * 

Cl- . 

aq. 

cio 

1 65 . 55 

HCl 

CL-7H20 . 

95o 

dissoc.*;  & 

cio- . 

aq. 

liq. 

gas 

108 

NaOCl 

cio*> . 

-  126 

—» ‘gas 

-  98.3 

dissoc. 

aq. 

-  70.7 

27.6 

CIOJ . 

aq. 

aq. 

gas 

SO 

NaCIO, 

CIO4  . 

167 

KClOi 

CLO . 

-  76.4 

39  518 

800 

=  HCIO 

aq. 

-  36.9 

II  Cl  (i)  . 

c 

Tr-: 

HCl . 

gas 

92 . 2 

H2  4-  Cl2;  & 

(see  also  p.  212) 

CCl. 

107.6 

15.4® 

CslIiOH 

136.4 

44.4 

09 

1 65 . 55 

dil. 

400 

165.39 

dil 

200 

165. 16 

73.01*  ;  &  1 

2u0  I 

100 

164.81 

d'l. 

50 

164  23 

d.L 

(923*) 


(348*) 

(762) 

(1052*1 
(507,*  991,* 
1033,*  10  6  1,* 
1062*) 

(599,*  988*) 

( J93,  6  1  5,* 
958*) 

(582) 

(223,  227, 
692*) 

(223) 


(976) 

(348,  1  088.5) 

(2,  4  8.1,  484, 
976) 

(762) 


(64,  74  *», 
C66,o-(-  976,Of 
940, f  1  003, f 
1 02  l«f ) 

(1  J8,o  643,* 
760,*  976, 

1  02  |  ,0  l  !  l  4  | 
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l-'ormula 


1 1  Cl  ( Continued 


HC1 

HC1.2H.0. 

licit  > 

HCIOj 


II  CIO. 


HCIO.HiO 


Bn. 


Br.. 

Hr 

Bri 

Brs 

lir< ) 

HrO 

HBr 

(I) 

HBrOI 

HBr 

HBr 


I'. 

■3 

IOj 

IOf... 

ItO» 

Him 

Hlun 


HBr. 211,0 
HBr, 

HBr.  (?) 
HBrO... 
HBrO, 


I,.  . 


State 

Q.  kj 

Method 

Lit. 

Chlorine. 

-(Continued) 

25 

163.21 

dn. 

10 

160.3 

dii. 

5 

155.3  1 

do. 

3 

148.6 

dil. 

2 

110.2 

dil 

1 

115.2 

dil. 

In  mixtures 

(500, |*  5  0  1  *  |  ) 

C~18 

713 

aq. 

(83,  882) 

200 

124.6 

+  HI;  A 

(69,  976) 

4(H) 

80 

II2SO4  4” 

(77,  976) 

BaCIO, 

liq. 

81 

8519 

(174) 

200 

166 

+  KOH;  A 

(1  05,  9  7  6) 

96 

165  8 

dil. 

(i 04 ) 

42 

166. 1 

dil 

9.5 

165.5 

dil. 

6 

164 . 3 

dil. 

4.15 

163.2 

dil. 

3.08 

160.6 

dil. 

2.33 

143.7 

dil. 

1  43 

134.9 

dil. 

1 

117 

dil. 

.  1  c 

420 

32 

1  004) 

Formula 


Bromine 


liq. 

Has 


sat. 

aq.,  ideal) 


aq. 

aq. 

aq. 

aq. 

aq. 

c 

c 

gas 

00 

400 

200 

100 

50 

25 

10 

0 

5 

3 


200 

00 

aq. 

200 


c 

gas 
licj. 1,4 
aQ.  (ulcal) 
gas 


aq 

aq. 

aq 

aq. 

c 

c 

c 


0 

Del. 

-  32  0 

— Miq. 

10.8 

— 'liq. 

3 

3* 

5 

5  j 

-  111.7 

dissoc.* 

119.7 

HBr 

130 

HBn 

149 

HBn 

91 

KBrO 

51 

HBrO. 

Tr.  O.602^',y 
Tr.  0.473^ 

36.2 

83'2700 

119.7 

extrap. 

119.6 

dil. 

119.4 

Br!  +  KC1;  A 

119.3 

dil. 

118.0 

dil. 

118.3 

dil. 

115.9 

dil. 

112.4 

dil. 

1(H). 7 

dil. 

102.0 

dil. 

94 

extrap. 

688 

dissoe.:  A 

130 

Bn  -F  HBr:  A 

149 

Br  3  +  Br(a<1 ) 

107 

N  -  HC10 

53 

-FSnCli:  A 

odine 

0 

Def 

-  63 

e* 

20 

— >gas* 

-  23 

-23* 

-  100. 5( 

dissoc.* 

55.8 

HI 

91 

HI> 

227 

KIOi 

610 

KiIO# 

176.0 

-7-5’.Soo 

Tr  :  0  526^'” 
Tr  :  0.295("jjj) 

836,*  882,* 
976) 

(228,*  506,* 
545,*  845, 
846, 1048*) 
8*) 

,811, 
976) 

(21  0,*  599,* 
788,*  789*) 


111 


,  976 


(48.1,  81,  976) 
(64,  883,  976 


111.,.  .  . 
HIO. . 

hio, 


HIO. 

ill" 

H 

H,IO-. 
II. 107 

O 

HsIOe. 


2HIO,.I,0. 

I  Cl  (a) . 

IC1(0) .  . 
IC1 . 


i  a, 

IBr. 


(64,  883*) 

(648*) 

(648*) 

(81,  976) 


(34,*  359 
(34.) 

(502,*°  904  t) 
(200,  231, 
599,*  641.1,* 
937,*  1  061  *) 


(104.) 

(82,  31  4,  976) 
(346) 

(348) 


S02 . 

SO,  (ice  form) . 


507.. 

807.. 
8,07. 
8,07. 
s,07. 
s,°7 
s,o,. 

St0-. 

8,07. 


State 

Iodine. 

It  as 


V.  kj 

'  ( 'on tin  ucii 
21  * 


Sol.  out.)  •  • 
S(molioel.) 

s* . 

Sa . 

S“ . 

s, . 

s2-... 

sr . 

s: . 

s« . 

S* . 

so2 . 


aq. 

aq. 

aq. 

aq. 

aq. 

aq. 

c 

aq. 

c 

c 

c 

liq 

c 

liq. 

gas 


M.th.xl 


5M 


55 .  x 

extrap. 

200 

55 . 7 

HC1  + 
Pblj;  A 

100 

55 . 6  1 

dil. 

50 

55 . 4  1 

dil. 

20 

54.8 

dil. 

10 

53  0 

dil 

5 

48  0 

dil 

3 

37 

dil. 

9 

28 

dil. 

aq. 

01 

It  +  HI.  A 

aq. 

05 

N  -  HCIO 

c 

236 . 0 

-9  0 

Lit 

(1  38,  3  0  0, 
939,*  97  6 

,81,  976) 

, 64,  976) 


100 

663 

716 

701 

729 

772 

700 

353 

28 

27 

19 

7o 

11 

—  4o 


Sulfur 


c 

c 

liq. 

liq. 

gas 

aq. 

gas 

aq. 

aq 

aq. 

gas 

gas 

gas 

liq. 

2000 

10(H) 

500 

200 

100 

75 

aq. 


liq. 

gas 

2(H) 

aq 

aq 

aq 

aq 

aq 

aq 

0 

»q 

»q 


0 


HI  +  KIO, 
>11,10. 

K,H:I(  >, 
KjHiIOe 
Kll.IOe 

—  5.818 

2000 

+SnCl,;  A 

—  23  9’ 2 

1700 

I  +  Cl:  A 

—•(a) 

— »(a) 

I  +  Cl:  A 
I  +  Br 
dissoc.* 


I)ef. 


(1034) 

(82,  3  1  4,  97  6) 
(80,  81,  925,* 
976) 


|  (®7«) 

(976| 

(82) 

(94) 

(  951,  963) 
(951,  963, 
976) 

1  (»«> 

-  (9*> 

(21  4,*  7  3  8*) 


-  0 

29 

Tr.;  0.29 

(240, 

*  642, 

702 

9  5  6*; 

1 

6 

(642) 

3 

3 

-+SX 

(642, 

*  730 1 

-  162 

dissoc.* 

(6  «  1 

>*) 

-  42 

NasS 

-  124 

dissoc.* 

(64  1 

>*) 

40 

33 

27 

95 

84 

290 

315  0 

325.8 
32  I  0 
323.0 
321.2 

319.8 
319  2 
408 
432 

423 

383 

.•"2 

014.4 

885.0 

590 

065 

948.7 

1148 

356(?) 

1296 

1093 


Na,S, 
Na,S, 
Na»S« 
disaoe  * 
dissoc.* 

S  +  O:;  A 

— 'gas 

35.8 
34.4 
33.0 
31.2 

29.8 
29  2 

NatSOj 

1.56 

163  u20 
100  ui«oo 

206 

-  HjS 04 
K  jS( )» 
K*Sl>4 

NasSsOi 

Na*S»0« 

-  IISOi 
Na*SjO« 

+  aq 
K«S:Ot 
NaiSiOt 


(831*) 

(831,*  1077) 
(97,  428.1, 
976) 

(265,  344,  3  4  % 
672) 

(345,  646,* 
647,*  942. 
976) 


(52,  4  5  0.5, 
932*) 

(450.5,  976 
(98,  450.5) 


(4  4  8 
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Formula 

State 

Q,  kj 

Method 

Sulfur. —  (( 'onlinued ) 

S.O“ . I 

aq. 

1096 

Na2S<06 

SaO- . 

aq. 

1120 

K2StO« 

US . 

aq. 

15 

KHS 

II2S-  . 

gas 

22 

+  I2;  A  ( 

liq. 

40 

gas  ( 

aq. 

41.3 

19.1;  k  ( 

H2S.7H  2O . 

C“3° 

107o 

dissoc.*  ( 

nSb  +  sx . 

liq. 

10 

4-I<aq.)  ( 

HSO”  . I 

aq. 

617.3 

KHS03 

HSO7 . 

aq. 

878 

KHSO, 

H2SO2  . 

aq. 

463 

N  =  H2SO3 

H2SO3 . 

200 

607 . 2 

=  SO%Qi| 

HaSO, . 

liq. 

794 . 1 

74 'Co  < 

(see  also  p.  212) 

c 

804 . 5 

+  aq.  ( 

00 

880.0 

=  so4= 

1599 

873 . 6 

dll. 

799 

871.6 

dil. 

390 

869 . 8 

dil. 

199 

868 . 4 

N,  NaaSOi;  k 

99 

867.8 

dil. 

49 

866.8 

dil. 

19 

864.9 

dil. 

9 

859 . 5 

dil. 

8 

858.0 

dil. 

7 

856.4 

dil. 

6 

854.3 

dil. 

5 

851.3 

dil. 

4 

847.9 

dil. 

3 

843.1 

dil. 

2 

835.9 

dil. 

1.5 

830.9 

dil. 

1.0 

822.1 

dil. 

0.5 

809 . 7 

dil. 

HaSO.-HaO . 

liq. 

1108.3 

aq 

c 

1127.6 

aq. 

H2S2O3 . 

1500 

580 

Na2S203  -+■ 

H2S2O4 . 

aq. 

659 

HCl 

N  =  H2SO3 

HaSaOe . 

400 

1148 

N,  Na2S2C)6 

HsSOoSOs . 

liq. 

1230 

aq. 

c 

1241.0 

—  liq. 

H2S2O8 . 

aq. 

1297 

+  FeSO,;  & 

HjSjO. . 

aq. 

1096 

N  =  H2S2O6 

piaSiOe . 

aq. 

1098 

N  =  H2S2O6 

HaSsO. . 

aq. 

112o 

N  =  H2S2O6 

S2CI2 . 

gas 

23.6 

-♦liq. 

liq. 

60 

S  +  Cl 

SaCl, . 

liq. 

60  + 

S2CI2  d-  CI2 

SOCla . 

gas 

174 

—♦Hq 

liq. 

201 

164kOH 

SOaCla . 

gas 

338 

— ►liq- 

liq. 

367 

263soo 

S2O&CI2 . 

liq. 

677 

+  KOH 

gas 

623 

— ^liq. 

SO  3  H  Cl . 

liq. 

583 

SOa  +  HCl 

liq. 

8.4 

S  +  Br 

Sala  (?) . 

c 

0.0 

S  +  I 

Se 

c 

lenium 

0 

Def. 

c(7)(inaoluble) 

So 

(Of)  (soluble) 

amorp. 

-  6.0 

+  CU;  & 

(J?)  (soluble) 

c 

-  1.6 

+  CI2;  k 

SC(rapidly  cooled) . 

ids. 

-  4 

+  CU;  * 

gas 

146 

Sey 

Sc” . 

aq. 

-  112 

Na2Se 

c 

236.1 

-3.8 

aq. 

232 

SeCl,  +  H2O; 

ScO’" . 

aq. 

515 

A 

Na2SeOa 

SeO~ . 

aq. 

613 

Na»SeO, 

HSe- . 

aq. 

-  154 

KHSc 

Lit. 


1  ,*  823, 


976) 


1 052*) 


897*) 


53,  843, 
976°) 

1  38,  I  243,*° 
358,  458, 

6  7  2,  7  4  8,<> 
803,  8  1  2, 
890, |  976°) 


(243) 
(57,  243) 
(976) 


(745, 976) 
(243) 
(1076) 
(135) 


(504,*  770) 
(770,  976) 
(17,  36) 
(770) 

(770,  771) 
(771,  1  1  09) 
(770,  771, 
976) 

(770,  771) 
(770,  771) 
(772) 

(770,  795) 
<770) 


(730.1,  795) 
(730,1,  795) 
(795) 

(317) 

(549,  976) 
(976) 


Formula 


State 


Q,  kj  I  Method 


Lit. 


Selenium. — ( Continued ) 


1 1 2S0 . 


H 2Se  4-  XII 2O . 
HSeOr . 


HSeO  . . 

4 

HaSeOa. 


HaSeO, . 


HaSeOt.HaO. 

SeaCU . 

Set  Mi . 

SeOa.SO, .  .  .  . 


Tecmetallic)-  •  ■ 

T  e  (amorphous )  ■ 

TeOj . 


TeOa.HaO . 

Te03 . 

TeO" 
TeO" 


4  ' 

HtTe . 

IUTeO. . 

HaTeO^HaO. 

TeCL . 

TeBn . 

2Te02.S0s. .  .  . 


Na... 
N. . .  . 

NMr 

N7‘ 

NO.. 

NaO. 


N2O.6H2O. 

NO2 . 

NO) . 

NO" . 

N2O" . 

NaO, . 


n2o6. 


NHi . 

(see  also  p.  213) 


NTI+ . 

N2H4 . 

Nrf^H*.  .  . 
N2H4H 

HN» . 

NHj.HNj. 


gas 

-  66 

4-1;  A 

(2  0  8,*  350, 
785.5,*  878*) 

aq. 

-  56.1 

10»» 

(350,  424,* 
878,*  1  1  01) 

C 

4  +XH2O 

dissoc.* 

(424*) 

aq. 

522 

NaHSeOa 

aq. 

604 

NaHSc04 

c 

535 . 8 

-17.2 

(549) 

aq. 

518.  6 

=  Se02(aq.) 

liq. 

530 

70  400 

(696) 

c 

545 

55.9400 

(696) 

200 

60  0 

dil.  =  H2SO4 

1000 

603 

Se02  4-  HCIO; 
A 

(976) 

c 

856 

31 . 24oo 

(696) 

liq. 

837 

51  400 

(696) 

liq. 

92.7 

Se  4-  CI2 

(976) 

c 

193.2 

Se  4-  CI2 

(976) 

c 

683 

134. 415 
,  4000 

(696) 

Tellurium 


c 

0 

Def. 

amorp. 

-  11.4 

+  Br2 

c 

327.7 

Te  +  2H2O* 

aq. 

320 

TeCl,  +  H2O 

c 

606 

0 

c 

348 

+  NajO 

aq. 

580 

K2TeO> 

aq. 

722 

KaTeO, 

gas 

-  142 

+FeCla;  & 

aq. 

708 

TeO;  +  Br;  & 

c 

1294 

- 14 -0li0 

c 

324 

Te  +  CI2 

Bn 

278 

Te  +  Bn 

c 

1280 

•257,li 

^°'koh 

(302, 351,913) 
(711, 915) 
(976) 

(975) 

(7U) 


(351) 

(351 ,  976) 
(696) 
(976) 
(351) 


gas 

gas 

c 

aq. 

gas 

gas 

liq. 

c° 

gas  (ideal) 
aq. 
aq. 
aq. 

gas  (ideal) 

liq. 

c-10 

gas 

c 

gas 

liq. 

200 

50 

25 

15 

3.2 

1.0 

aq. 

aq. 

aq. 

aq. 

aq. 

c 

aq. 


Nitrogen 

0 


Def. 


540 

dissoc.* 

(197* S) 

Tr.;  0.22JI2I3jr-6 

(346) 

245 

BaN6 

90 

NO  4-  CtNi; 

(7  1  ,  90,  755,* 

A 

976) 

71 

4-CO;  A 

(90,  954,  976) 

78.4 

— ►gas 

(672) 

1692 

dissoc.* 

(1016*) 

31.1 

NO  4-  O;*  A 

(2  12,*  64  1.1*) 

107 

NaNOj 

208.4 

HNOj 

15 

Na2N*02 

7.8 

dissoc.;  A 

(71 ,  209,* 

911,*  1 068*) 

21 

4-Ch;  A 

(71,  994-5) 

33.6 

— diq. 

(835) 

5 

124  710* 

(55, 303*) 

61 

69  Co 

(55) 

45.8 

dissoc.;  A* 

(485, 486, 
487,*  488, 
955) 

66.3 

—♦gas 

(733, 848, 

952) 

81.3 

35  ■  4  loo 

(33,  66,  359, 

976, 1 021) 

81.2 

dil. 

(66, 976) 

81.1 

dil. 

81.0 

dil. 

79.7 

dil. 

75.9 

dil. 

132.7 

NH,C1 

13.6 

N1H4.H1SO4 
+  Ba(OH)t 

(21,  1094) 

27 

N1H4.HCI 

27 

NtH,.2HCl 

-  228 

N 

(103) 

-  84 

dissoc 

f!63) 

-  113 

-  28  Co 

(21,  163) 

THERMOCHEMISTRY:  s  TO  11 


179 


State*  1 

Q.  kj 

Method 

Lit. 

trogen.— 

-( Continued ) 

200 

121 

NaNO,  + 

(71,  954) 

ho 

gas 

147.9 

liq. 

(55) 

liq 

177.3 

30. 010 

(55) 

CO 

208.4 

extrap. 

400 

208 .41 

—dii 

200 

208  8  7 

UNO,  +  Cl,; 

(71) 

A 

100 

208. 431 

dil. 

(6  3,  8  6  7,0 

50 

208  52 

dil. 

976) 

25 

208.07 

dil. 

20 

208.5 

dil. 

10 

207.9 

dil. 

5 

205.2 

dil. 

3 

201.2 

dil. 

2 

197.3 

dil. 

i 

191.0 

dil. 

0 

177.3 

dil. 

aq. 

87 

NH,OH  + 

(79, 330, 976) 

HC1;  4 

200 

307  5 

=  NH,  aq. 

aq. 

120 

NHjOH.HCl 

c 

200.  1 

4 

(71  ,  976) 

400 

240.6 

N 

(71,  976) 

C 

308.0 

-265i8oo 

(54,  459,  729, 

976,  981,0 

104  60) 

c 

Tr.;  -0.5j” 

(19,  45.4, 

234,*  286 

729) 

c 

Tr.;  1.07”v) 

(4  5.1,  234,* 

728,  1083.5) 

c 

Tr.;  1  •  3®i*  x) 

(4  5.1,  2  3  4*) 

c 

Tr.;  4.31ft 

1  4  5. 1 ,  234*) 

03 

340.9 

extrap. 

1000 

341.05 

dil. 

500 

341 . 10 

dil. 

200 

341.58 

N 

(78,  976) 

100 

342.01 

dil. 

(286,  325,  f 

50 

342.97 

dil. 

629,0  729, 

25 

344 . 70 

dil. 

827,0  976, 

20 

345.0 

dil. 

1  981°) 

10 

340.8 

dil. 

5 

349.4 

dil. 

3 

350.7 

dil. 

2.5 

352.4 

dil. 

c 

359 

+o, 

(151) 

aq. 

334 

"“i’oo 

(151) 

aq. 

35 

NajNiOj 

(153) 

c 

204 . 7 

(*») 

aq 

272.7 

=  N5H4  aq. 

aq. 

235.7 

N 

(2‘) 

aq. 

443.9 

N 

!  (51) 

c 

407.5 

-0.3 

(464) 

aq. 

401.2 

N 

(464,  465, 

976) 

ecu 

-  229.5 

+  HCI:  A 

(762,  903) 

RU8 

-  53.0 

+  KOH;  A 

(238,  64  1.1,* 

Formula 


UNO* 
UNO  i 


NHjOlI 

NH,OH 
Nil, oil  II  ' 
NH.NO, 


NICNOuivi- 


NH«NOi(vi 


NH«NOiaii). 


NH«NO»di) . 

NHiNOui) . 

(see  also  p.  102) 


NHjOH.HNO, 


H.N.O* 

NiH.HOH 

N1H..HNO1. 

NtH«.2HNO» 

NH.F 


NCI, 

NOCI 


NH.C1  i, 


Tr  I  '> 1 1,4 

ir.. 


9  5  3,#  986,* 
989,*  990,* 
992,* 

1  005.  1*) 
(235,*  905,* 


NH.Clun 


NIUClail) 

NH.Cl 

(see  also  p.  161) 


c 


1000 

500 


314.2 


-  10.3 


18 

200 


;  A 


I  Tr-;  —  1,5(IX) 
298.3  dil. 

29 s  i  ■;  .hi, 

29s  III  dil. 


1037*) 

(9,  49,  54, 

29  5,0  31  3, | 
S23,o  729, 
834,  890, f 
934,  f  976, 

1 0460) 
(349,  922) 


Formula 

State 

Q.  kj 

Method 

lit. 

Nitrogen  — 

-(Continued 

NH4CL — (Continued) . 

200 

207  on 

N 

49,  50,  97  *0) 

100 

297 . 81 

dil. 

653,  f  127,9 

50 

297.88 

dil. 

976) 

25 

298 . 08 

dil. 

10 

300.2  | 

dil. 

NjH.HCI 

c 

214  7 

-  22  •  8'L 

600 

(*') 

aq. 

192.0 

N;  A 

(*') 

N:Hi.2HCl. 

c 

383.0 

—  25 . 9 1 9 

6<i0 

(2I> 

aq. 

357 . 0 

BaCH  + 

(11.  16J) 

NjHtS* )«;  A 

NH.Cl.3NHj . 

c 

560 

analogy 

NH.C1.0NH, 

c 

805 

dissoc.* 

,225,  994  *  ) 

NHjOH.HCl . 

c 

804 . 5 

-13.874 

(7*> 

400 

290 . 6 

N 

(79,  330,  976) 

NH.CIO. . 

c 

327 . 7 

-26.6-0 

(104, 

aq. 

301 

N 

(104, 

NOBr . 

gas 

-  73.4 

—♦gas 

(987.) 

liq. 

-  47 

+ KOH ; A 

(987.) 

NOBr, 

gas 

-  20 

—♦liq. 

(9.7*) 

liq. 

+  7 

+  KOH;  A 

(9.7.) 

NH.Br  id  . 

c 

270.8 

-18'612o 

(1  1,  562,* 

929, |  976) 

NH.Brji . 

c 

Tr.;3.2{ft 

(2JS.) 

200 

9*9  O  1 

N 

N  -  HC1 

NH.I(i) . 

c 

Tr.;  2.9ft* 

(”**> 

NH.I(ii)  . 

C 

203 . 2 

“14-9»o 

(976) 

200 

188.3 

N 

NS . 

c 

-  133 

dissoc. 

(174) 

NjO*(SOj)s . 

c 

948 

47722 

'  KOH  (200) 

(1110) 

NH.HS . 

c 

103 

-  14 

(56,  237,  54  1, 

542,*  656,* 

1 025*) 

aq. 

149.3 

NH,  + 

(56,  976) 

(NHi)iS 

(NH.)iS . 

200 

231.2 

N 

(56,  976) 

NH& . 

c 

135 

+  Ii 

(.97) 

aq. 

117 

-18'* 

160 

(.6  7) 

NH.S. . 

C 

133 

+  i. 

(.9  7) 

aq. 

115 

-18 

(.9  7) 

(NH.)sSi . 

c 

271 

“I" 

(.9  7) 

aq. 

235 

—  "J01000 

(.97, 

NH.HSOj . 

aq. 

750 

-(NH.liSiO, 

(17.) 

NH.HSO. . 

c 

1000 . 2 

-0.1'* 

200 

(.7.) 

800 

1008.5 

dil. 

400 

1007.2 

(NH.HSO.  + 

(SO,  976) 

H,SO, 

200 

1000.1 

dil. 

(.7.) 

100 

1005.3 

dil. 

50 

1004.8 

dil. 

20 

1004.3 

dil. 

10 

1002.8 

dil. 

NHtOH.HjSO, 

aq. 

1001 

N 

(79.  110) 

NjHj.HjSOi. 

c 

939 

TO, 

(7.) 

aq. 

903 

-35-7mo 

(*') 

(NH.)jSO, . 

c 

879.7 

-6-4i3o 

(.7.) 

aq. 

873.4 

N 

(17.) 

(NH.)iSOa.HsO 

c 

1178 

-  18.2” 

(17.,  .01) 

(NH.)jSOi . 

1102.0 

~10  °iSo 

(.7.) 

400 

1152.1 

N 

(60,  224,  976 

200 

1152.4 

dil. 

(.7.) 

100 

1152.9 

dil. 

50 

1153.7 

dil. 

30 

1154.5 

dil. 

10 

1155  6 

dil. 

(NHiOH)j.HjSO,. 

0 

1158 

-  24 . 3” 

900 

<»•) 

aq. 

1133 

N 

(NH.IjSjOj 

0 

1240 

—  26* 

*U440 

(*7») 

aq 

1314 

N 

(179) 

(NHOiStC  )i 

c 

1602 

— 3811  . 
1000 

(11.0) 

aq. 

1563 

N 

( 13$®) 

NSe . 

e 

-  177 

diwoo. 

(,Ti) 

NH.HSo . 

e 

102 

—  21l* 

(»••) 

aq 

82 

s 

1  (1.0) 

(NH.HSo. 

aq. 

163 

K 

(*••) 

ISO 


INTERNATIONAL  CRITICAL  TABLES 


Formal.-  I  State  |  Q,  kj  [  Method 


Phosphorus0 


P  iwhite) 

B(re<l) 

0 

Def. 

c 

18 

+  Br»;  & 

(354,  447, 

9  9  5*) 

Pj  . 

CSs 

3.8 

-3.8CS2 

(268) 

]>f)“"  . 

aq. 

984 

NaPOa 

PO“”  . 

1250 

Na3P04 

1  4  • 

1531 

p  +  o2 

(447) 

amorp. 

1535.4 

— >c 

(308,  447) 

gls. 

1555. 1 

— >c 

(44  7) 

p90~”  . 

aq. 

c 

2246 

Na.PsO? 

1  2  W7 

p2h  . 

PH  3  . 

50 

+Brs 

(628,  768) 

25 

+  Os;  & 

(628,  768) 

Hpn3  . 

041.2 

40.8 

(447) 

aq. 

981.4 

t  I  I  <  » 

(447) 

H  PO”  . 

aq. 

aq. 

aq. 

aq. 

aq. 

liq. 

c 

961 

NaaHPOa 

HPO~  . 

1287 

NasHPOs 

W.PO“  . 

596 

NaHaPCh 

962 

NaHsPOs 

[ppo,  . 

1285 

NaHjPOa 

H3PDo  . 

581.8 

Q  1  1 9 

J ■  1 150 

(976) 

591.6 

—  0.7}? 

150 

(976) 

450 

591.8 

dil. 

250 

590.9 

BaHaPaOa  + 

(976) 

HjSOa 

220 

590.8 

dil. 

(797) 

no 

588.8 

dil. 

55 

587.8 

dil. 

Kjpo,  . 

liq. 

c 

945.2 

12-3\lo 

(976) 

958.1 

0  1(19 

U'  +  50 

(976) 

aq. 

957 

+  Brs 

(976) 

H3PO4 . 

liq. 

1258.6 

22. 420 

200 

(976) 

c 

1268.6 

11.3;9 

(566,  976) 

400 

1281.3 

dil. 

200 

1281.0 

P2O5  +  aq. 

(447,  976) 

100 

1280.7 

dil. 

(566,  797, 

50 

1280.3 

dil. 

890,  976) 

20 

1279.3 

dil. 

9 

1277.5 

dil. 

3 

1272.4 

dil. 

1 

1265.9 

dil. 

TT.PD..  j,H.O 

liq. 

1439.6 

15.8 

(566) 

HP*0- . 

aq. 

2260 

NasHPsOs 

c 

1424.7 

0.6 

Hopin'” 

aq. 

aq. 

1608 

NasHsPsOs 

5 

H2P20“ . 

2261 

Na2H2P207 

H3P2O- . 

aq. 

2260 

NaHaPjOr 

HsPsOs . 

aq. 

1608 

N 

(«) 

H4P2O6 . 

c 

-  31.4  + 
Q 

31  -4Uo 

(567  ) 

aq. 

H.PaOt  2H.O  . 

c 

581.5+  Q 

— 2.2’?t 

(567) 

liq. 

545  +  Q 

— >c 

(567) 

H4Pl07 . 

liq. 

2215.4 

42.8 

(447) 

c 

2224 . 9 

33.5 

(447) 

aq. 

2258 . 1 

+  H2SO4;  & 

(447) 

H4P7D7  1JH-0 . 

liq. 

2655 

31.9 

(44  9,  450) 

c 

2668 

18.8 

(449,  450) 

PCls . 

gas 

293 

— ►liq- 

(14,  847) 

liq. 

322 

272. 61 9 

1000 

(  1  59,  97  6) 

PCU . 

c 

446 

516'6?ooo 

(2,  1  5,  976) 

POCla . 

liq. 

615.8 

302. I20 

1000 

(1  59,  976) 

PHa.HCl . 

c 

13o 

HC1  +  PHa 

(237) 

PBra . 

liq. 

190 

+  H2O;  & 

(1  59,  237, 
447) 

PBra . 

c 

254 

P  +  Br 

(769) 

POBrj 

c 

447 

+  H2O 

(769) 

PHa.HBr 

c 

107 

-12.7 

(767,  768) 

PI,  . 

c 

46 

P  +  I 

(769) 

CSa 

59 

14CS, 

(769) 

PJ4  . 

c 

83 

+  H.0 

(769) 

PH  a.  HI . 

c 

50.5 

-20 

1  (767,  768) 

o  Heat  of  mixing  HjPO.  +  HPO,  (*•);  Ps  =  Ps  (g)  (830'  943)l  PF.  +KOH: 
AQ  ■=  450.7  (forms  a  fluorophosphoric  acid)  (125). 


Formula 


I  State  |  Q,  kj  |  Method 
Phosphorus. —  (Continued) 


PaNs . 

NH«H«POa 
(NHa)  jHPOaa 
(NHi)j  , 


H 


>  POs 


(NHsHHPOs/S 
=  (NH<)i(H  POs) 
(NHa)aPOi . 


AS(black) . 

As(brown)  . . 

AsO"” . 

4 

A8203(opaqiie)  • 
AsjOaiinonoclinicj 
As203(octabedral)  - 


A82O6  • 


A84O0 . 


AsH3 . 

ASH3.6H2O 
HAsO” 
HAsO" . 


HsAsO". 

HjAsO- 

4 

II3A8O3  • 
H3A8O4. 


AsC13 
AsBr3 . 


AsI3.  . 
AsaS* . 


C 

314 

+  02 

aq. 

1419 

N 

aq. 

1553 

N 

aq. 

1540 

N 

aq. 

1664 

N 

Arsenic 

C 

0 

Def. 

amorp. 

0 

+  CI2 

amorp. 

-  15 

+  CI2 

aq. 

874 

NajAsOi 

c 

654 

_ *1  8 

dA*°4\TaOH(iooi 

0 

619 

►As203(octa) 

c 

645 

Hs  +  AssOs* 

aq. 

622 

AsCls  +  IDO; 

& 

c 

911.9 

25.1 

aq. 

937 

As  +  Br  + 

H2O;  & 

gas 

1121 

>A8203(mono) 

gas 

-  182 

+  Br. 

c-i° 

1535 

dissoc.* 

aq. 

656 

NasHAsOs 

aq. 

897 

NasHAsOs 

aq. 

711 

NaH2AsOs 

aq. 

902 

NaH2As04 

aq. 

740 

=  AS2O3  aq. 

c 

899.7 

-in8o»;& 

aq. 

898 

^AssOft  aq. 

c 

303 

As  -f-  OI2J  & 

liq. 

182.0 

— >c32 

c 

194 

250koh 

liq. 

182 

—>c 

c 

60 

193koii 

c 

80 

+h2* 

Lit. 


(945) 

(162) 


(162) 


(162) 

(162) 


(521,  795) 

(1  77,*  795) 

(976) 

(896,*  1043*) 
(914*) 

(48.1,  976) 

^71  0,  976) 
(155,  976) 

(896,*  925.  1,* 
941.1,* 
1043*) 

(766,  768) 
(420*) 


(976) 

(84,  795,  976) 
(984) 

(84) 

(983) 

(84) 

(553*) 


Sb(D . 

Sbai) . 

•^b(explosive)  •  ■  •  • 

Sb07~ . 

Sbs03{prism)  ■■■  ■ 

SbsOstordinary)  -  - 
SbrO  3(oc  tailed  ral ) 

SbsOs . 

SbsOs  ......... 

SbHa . 

HsSbOa . 

HsSbOs . 

SbF, . 

HaSbFa . 

SbCla . 

SbCls . 


Sb<  X  -1 

SbsOsCl 

SbBra- 


Sbla . 

SbiSa(nranite) 


Antimony 


c 

Tr.;  0.2M-J 

(610) 

c 

0 

Def. 

C 

-  9.9 

+  Br5;  & 

(288) 

aq. 

883 

NasSbOs 

c 

692 

427hF(ioo> 

(464,  465, 

710) 

c 

692 

427HF(ioo) 

(322,  465) 

c 

697 

NasOs;  & 

(465,  71  0) 

aq. 

537 

=  HsSbO> 

c 

884 

+  NasOs 

(710) 

c 

966 

+  NasOi 

(710) 

aq. 

954.0 

=  HsSbOs 

gas 

-  145.7 

dissoc. ;  & 

(1  70,  946) 

aq. 

698 

SbCls  +  HsO; 
& 

(464,  976) 

aq. 

906.3 

SbCls  +  HsO; 
A 

(976) 

c 

906 

—  7soo 

(464,  465) 

aq. 

899 

SbsOs  +  HF 

(464,  465) 

aq. 

1856 . 0 

SbFj  +  HF 

(464,  465) 

c 

382.5 

Sb  +  Cl* 

(464,  976) 

liq. 

369.5 

— >c 

(982,  984) 

c 

449.1 

— >liq.*;  & 

(35,*  722) 

liq. 

438.9 

SbCls  +  Cl*; 
& 

(464,  976) 

gas 

392.6 

— *liq. 

^232) 

c 

373.3 

+  HF 

(464,  465) 

c 

1448 

+  HF 

(464,  465) 

c 

257 

+HF 

(170,  466} 

liq. 

243.9 

—*o 

(984) 

CS* 

242 

15&, 

(288) 

c 

185 

+  HF 

(466) 

c 

149 

+  NasS ;  * 

(127) 

THERMOCHEM ISTB  Y  12  TO  16 


1S1 


Formula 

State 

Q.  kj 

Method 

Lit. 

Antimony 

—  ( Continued ) 

C 

150 

4-  NajS;  & 

(1  27,  463, 

553,*  7864 

SbaSa<|il»c) . 

(?) 

132 

4-  Na?S;  & 

(1  2  7,  463) 

Sbsbfcbrown) 

(?) 

155 

+  NaaS;  A 

(127,  463) 

Bismuth 


Bi . 

RijO>  . 

BijOa.XHjO . 


HiBiOi 
BiCli 
BiOCl  . 
BijS»  . 


(ft  graph.) 

C(ordinery  graphite) 

n 

MOr  graph  )  (low  temp.) 
C(dmmond) . 


Crhaieoal)  iH-free) 


cotii 

co 


COi. 


COi(on  charcoal)  ■ 

COi.flHjO  — 

cor . 


CaOJ. 


CH. 
CtH  ? 


CtHa.eHjO 

CjH. . 

CaH. . 

HCO- . 


HCO".. 

HCHOa. 


lfsCOi  . 

CHaOH(i) . . 
CHiOH 

(ace  also  p.  ]  62) 


C 

0 

c 

567 

ppt. 

572  + 

X286 

aq. 

716 

c 

379.2 

c 

367 

c 

Carbon" 

C 

0 

gas 

-  638 

c 

1.0 

c 

0.7 

amorp. 

2.0 

amorp.  1 

_  2 

amorp. 

_  2 

amorp. 

-  10 

c 

gas 

110.6 

sat. 

125.0 

gas 

395.0 

sat. 

414.9 

426 

c-.« 

1779 

aq. 

674 

aq. 

810.9 

gas 

80 

gas 

-  227.4 

aq. 

-  210 

c° 

981 

gas 

-  40 

gas 

98 

aq. 

414 

689.1 

c 

426 

liq. 

415.2 

gas 

394.0 

200 

415.8 

100 

415.8 

50 

415.7 

2 

415.9 

1 

415.9 

0.5 

415.6 

aq. 

701.1 

c 

liq. 

251 . 1 

gas 

213.0 

aq. 

259 

33.8 

258 . 0 

16.0 

257.7 

7.11 

250 . 0 

4.15 

255 . 4 

hc,o4 

HaCaO* 


2.67 

1.19 

0.44 

aq. 

c 


254 . 4 
252 . 9 
252.0 
814.8 
824 . 6 


Def. 

+  NaaOa 
BiCla  + 
NaOH;  & 
BiaOa.  X  HaO 
Bi  +  Cl  a 
BiCla  •  HaO 
dissoc.* 

Def. 
c 

+o, 

+  0a 

+  Oa;  * 

+  Oa 
+  0. 

+  Oa 

.  0  6o'212-7 

+  Oa:  & 


14.4* 

C  +  Oa 

19.9 

CO,  +  C 
dissoc.* 
NaaCOa 
KaCaOt 
+  Oa 
+  Oa;  & 

17;  A 

dissoc. 

+  Oa 

+o, 

NallCOa 
dissoc.*;  it 
-9.8* 

300 

+  Oa;  A 

— >liq. 

0  718 

100 

dil. 

dil. 

dil. 

dil. 

dil. 

—  COa  aq. 

Tr;°-*8ru>2 

+o, 

— ^liq. 


8.4 

dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

«l«l 

NaHCtOi 
4*0*;  A 


(710) 

(976) 


(976) 

,759,*  976) 
(553, *  786*) 


(586,  587, 

588) 

(886, 887) 

(885,  886, 

887) 

(705) 

(885) 

(885) 

(705) 

(346) 

(81,  90,  322, 
551,*  906,* 
976,  1102*) 
(1049*) 

(308,  885,  886, 
887) 

(3,  53,2  1  8,* 
976) 

(654  ) 

(10 1 6*) 

(958*) 

(1  65,  976) 

(703) 

(153,  10  16, 
1053*) 
(1015*) 

(709,  976) 

(1  65,  976) 

(578*) 

(56,  800,  957) 
(16  4,  976) 

I  (250.5,  358.1  ) 

I  (68,  352,  976) 


(778) 

(861,  948) 
(250.5,  546.5 
667.5,  904. 

1  003.5, 

1  053.5) 

(75) 

(2235) 


(56,  949,  976, 
1012) 


Formula 


H  j(V  >4. —  (Continued). 

H*Cf04.2H*0 

CsHiO"  . 

HCtHiO*  . 


•  For  other  compounds  of  carbon,  «ee  the  section  on  Heats  of  Combustion, 
162.  For  various  reactions  in  CjH*OlI,  cf.  (309*  3,1  ). 


C*H»0- 
C2H5OH 
( see  also  p. 


162) 


CtH.o; 

HCtH.O- . 

II aCtll tO 6  , 1  or  t)  -  ■ 

HaCtH)0«(m«.o) 

(HaCtHaOsIatdo  ■  ■  •  - 

HaCtHt06(y,  l,  or  dl)  . 


ecu 


COCla. 


COBra. 

(CS)„. 

CS,.... 


COS 


CaHtSO- 

CsHsSCU 

CN-.  ... 
CaNa 


N'CN. . 

N C  N  Jipolymer .  l 


State 

Q.  kj 

arbon. — 

Continiu < 

gas 

734  0 

aq. 

814 

c 

1422 

aq. 

492  I 

r7 

503 

liq. 

402.6 

gas 

4714 

200 

494  1 

100 

494.0 

50 

493.7 

20 

493.3 

8 

492.6 

4 

492.1 

O 

491 .9 

1.5 

491 .9 

1.0 

491.9 

0.5 

492.0 

C1H5OH 

264 

gas 

233 . 5 

liq. 

275. 8 

200 

286.99 

100 

286 . 50 

50 

286.35 

25 

285.8 

10.2 

284  0 

5.94 

281  .8 

3.84 

279.8 

1.70 

277 . 5 

0.04 

270.4 

0.28 

276 . 1 

aq. 

1239 

aq. 

1245 

c 

1263 

c 

1269.5 

c 

2541 

400 

1247.5 

200 

1247.7 

100 

1247.8 

50 

1248.0 

20 

1248.6 

6 

1248.9 

C 

gas 

106.3 

liq. 

138.9 

gas 

218 

liq. 

242.7 

gas 

92 

c 

-(54)* 

gas 

-  120 

liq. 

-  92 

gas 

92 

aq. 

904 

aq. 

906 

aq. 

1-  146 

liq. 

1—  274 

gas 

—  296 

aq. 

—  268 

c 

-  39  0 

c 

—  346 

Method 


♦c* 
S'B 

-35  9! 


—  9  Si®  A 


N'nCallaOa 
-  9  O’ 


+  Oi 
— ►liq. 

dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

NaCaH.O 
— »liq. 

+  Oa 


dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

K-CtHd  )i 
KHC.EUO. 
+  Oa 
-21.9 
-45.4 
-15.1“ 
dil. 
dil. 
dil. 
dil. 
dil. 

-rr  .  it-48.6 
Ir  -  5(1) 

+  Ha;  A 
— ►gaa 


-Ot;  A 


—♦gas 

dissoc.* 

liq. 


+  05 

-f  KOH ;  A 

NftC*H*S04 

CtH*  4- 

HaSO«;  A 
KCN 
“♦!« 
4-Ot 
-28 
dissoc. 
dissoc. 


Lit. 

(7f.  3#} 

(56,  68,  976) 
(56,  4  59,  57  1  , 
571.5,  976) 

49,  68,  235,# 
800) 

164,  838) 

(2  50.  5,  668.5, 
1  072  ) 

(  1  5  8,o  3  52, 

97  6 


(904.5,  1  053.  5, 
l 072 f ) 

(  1  5.5,  20,  1  64, 
546.5, 

650.5,  848, 
861) 

(75,  223 
326,  632,* 
827®) 


(776) 

(7l) 

,7  1,  9  62) 

(54,  71,  9,„, 


(613) 

(211.5,  976) 
(667  5,  848. 

1  003.  5, 
1053.5,  1072) 

(1  8,#  85,  2  *  .,* 

2  1  3,  526,* 
641.1,*  782,# 

•  76) 

(44lt) 

(•»••) 

1  086) 

(15.5,  ISl|f 
7»I.»,  641, 

1  0  4  4.5) 

(101,  134,  531, 

•  76) 

,  84,  64  1,#  *44, 

•  76) 

lT4> 


(!§•) 
(147,  97t) 
(14*, 494' 

(»•«) 

(2t4) 


182 


INTERNATIONAL  CRITICAL  TABLES 


F  or  m  ul  a 

State 

Q,  kj  | 

Method  1 

Lit. 

Carbon. — 

■(Continued.) 

CM)  . 

aq. 

145 

NaCNO 

CjN.or-  . 

aq. 

558 

NaaCaN  3O3 

CNsH  ' . 

aq. 

-  95 

NaHCN. 

HCN . 

gas 

-  126 

+  O2;  & 

(53,  976) 

liq. 

-  99.1 

— >gas;*  & 

(53,  233,* 

499,*  791*) 

c  -  16 

91.6 

liq.* 

(791,*  817*) 

aq. 

-  100 

25 

(53,  255) 

CHj.N'H; . 

gas 

31 

+  O2 

(626) 

aq. 

81 

51 

(221,  741, 

976) 

CH.NHj. 

aq. 

136 

CHjNHjCl 

CN2H2 . 

c 

-  36 

+  02 

(626, 

liq. 

-  45 

->c* 

(8  2  6  f  ) 

aq. 

-  52 

-15iooo 

(626, 

N11<('N . 

C 

4 

-18. 2(oo;  & 

(70,  543*) 

aq. 

-  14 

N 

(70) 

(Clb'jNH 

gas 

32 

+  0. 

(627,  741, 

976) 

aq. 

93 

61 .3780 

(221) 

C.HsNHj . 

gas 

52 

+0, 

(1  02,  627, 

976) 

aq. 

106 

54.0 

(221) 

(CHj)jN . 

gas 

26 

+  02 

(1  02,  627, 

741,  976) 

aq. 

80 

54.2 

(221) 

(CNiHili . 

c 

-  10.9 

-+■  O2 

(626) 

aq. 

-  35.0 

—  24 . 1 15 

(626) 

HCNO . 

aq. 

153 

+  NH4OH 

(70) 

NH.HCOj . 

c 

850 

-28ltoo=  & 

(50,  361) 

400 

822.7 

dil. 

(976) 

200 

823.1 

dil. 

100 

824 

N;  & 

(150) 

40 

824.4 

dil. 

2NHj.COi . 

C 

650.0 

-25;  & 

(236,*  237,* 

621,*  679, 

685,*  834) 

aq. 

626 

N;  & 

(50,  679,  976) 

CO(NH2)2 . 

c 

328.5 

+  0, 

(171,  331, 598 

950) 

aq. 

314.5 

-14.0;  & 

(1  71,  789-50, 

976) 

NH4CNO . 

c 

308 

CO(NH2)2;  & 

(1026) 

aq. 

282 

N 

(1026) 

(NHO2CO. . 

aq. 

935 

ions 

(55,  73,  976) 

NHiCHOi . 

c 

560 

—  12. 010 

140 

400 

548 

N,  analogy 

NH.CH.CO. . 

C 

625 

1 .024 

200 

(55) 

400 

625.9 

N 

(55) 

200 

625.8 

dil. 

(325, |  978) 

100 

625.4 

dil. 

50 

624.9 

dil. 

25 

624.0 

dil. 

10 

622.3 

dil. 

5 

620.1 

dil. 

2 

618.6 

dil. 

NH4HC204 . 

400 

948.7 

N 

(73) 

CH.NH2.H2CO. . 

aq. 

820 

N 

(741) 

(NH*)2CjO« . 

0 

1118 

-33 

(73) 

400 

1085 

N 

(73) 

(NIbhCjOnHjO . 

c 

1419 

-48 

(73) 

(CHjNHj)j.HiCOj . 

aq. 

930 

N 

(741) 

HC»N,0“ . 

aq. 

608 

NajHCjNjOj 

HjC.NjO" . 

1  aq. 

650 

NaH.C.N.O. 

C.N.H.O. . 

c 

693 

+  02 

(626) 

aq. 

679 

-13 

(626) 

C.N.H.0..2H.0 . 

c 

1281 

-28.8 

(626) 

NH.lbC.N.O. . 

aq. 

781 

N 

(626) 

NH4H2CjN.Oj.H2O . 

e 

1114 

-46.9JJ0;  & 

(626) 

(NH.)jHCjNjOj . 

1  aq. 

869 

N 

(626) 

(NH.)jC.NjO, . 

aq. 

955 

N 

(626) 

NH4HC4H4O. . 

400 

1376 

N 

(56) 

(NH.IiCjHjO. . 

400 

1507 

N 

(56) 

200 

1507.7 

dil. 

(976) 

100 

1508.0 

dil. 

50 

1509.6 

dil. 

30 

1511.0 

dil. 

21 

1511.9 

dil. 

Formula 

State 

Q,  kj 

Method 

Lit. 

Carbon. — 

(Continued) 

CNCl  . 

gas  I 

-  153 

Hg(CN)j  + 

(70) 

Ch;  & 

liq. 

-  118 

—►gas 

(70) 

C.N.C1.  . 

c 

29 

+02;  & 

(626) 

CHjNHj.HCI . 

aq. 

30o 

N 

(723) 

C.N.ClHt . 

C 

105 

+  0. 

(626) 

CNI . 

c 

-  177 

KCN  +  I 

(70) 

aq. 

-  188 

-11.6?° 

100 

(70, 

CNS- . 

aq. 

-  76 

KCNS 

HONS . 

aq. 

-  77 

N 

(5S) 

NH4CN8 . 

c 

81 

—  23 . 71J 

(55) 

aq. 

57 

N 

(55) 

HSbOC4H40«  . 

c 

1461 

+  HF;  & 

(468) 

H.Sb0CiH406.4C4Hs0t.  . 

aq. 

6467 

HSbOC.H.O. 

(468) 

d-CtHsOe 

Silicon 

Si . I 

C 

0 

Def. 

amorp. 

-  4 

Si  +  Oj;  & 

(998,  1029) 

Si02 . 

gls. 

83  0 

Si  +  O. 

(706,  825, 

1029) 

Si02  . 

c 

842.6 

+  HF 

(740,  839, 

2(«  quartz) 

<l(B  quartz) 

c 

Tr.; 

(1042) 

°2G^auar«) 

839.5 

+  HF 

(1  042) 

~(<x  criatobalite  icoo) 

2kB  criatobalite  1600) 

c 

Tr.;  0-6(Q.<.r^t.) 

(1  042) 

838.9 

+  HF 

(1042) 

“(a  criatobalite  100O) 

2(/3  criatobalite  1000) 

c 

Tr. ,  0 . 2(Qt  crist j 

(1042) 

2t/3  tridymite) 

c 

Tr.; 

( see  also  p.  106) 

0 . 1  (at  tridymite' 

Si02.H20 . 

coll. 

826 

+  HF 

(7*0) 

Si O  2^86 . 6  H  2O  ) . 

coll. 

827 

+  HF 

(740) 

SiC>2(aD  H2O) . 

coll. 

825 

Sill.  . 

gas 

5o 

dissoc.;  & 

(768, 1029) 

Il.SiO, . 

coll. 

1397 

—  S1O2  00 

Si  Ft . 

gas 

1512 

HF  +  SiF4 

(464,  465, 

1  000) 

SiF- . 

aq. 

2289 

Na2SiFj 

H.SiFt . 

200 

2281 

HF  +  SiOj 

(464,  465, 

1000) 

4 

2264 

dil. 

(1000) 

H2SiF«.4HjO . 

liq. 

3303 

33 

(1000) 

Si  Cl  . . 

gas 

597 

— >liq. 

(768) 

liq. 

624 

Si  +  Ch;  & 

(84,  768,  998 

SiBr, . 

liq. 

383 

83U 

(84) 

Sib . 

c 

116 

8G 1  2000 

(84) 

c 

134 

39 10 

(897) 

SiS2(yellow  ) . 

c 

121 

45lu 

(897) 

Si.Nt . 

c 

634 

SiOa  +  Ni  4* 

(681) 

02* 

(NHthSiF. . 

c 

2592 

_ qe;7 

'iOl200 

(1002) 

aq. 

2557 

SiFj  + 

(1002) 

NH4F;  <fe 

SiC . 

c 

6 

Ot;  & 

(706) 

(C.H.OJtSiOt . 

liq. 

1309 

90 

(768, 

Titanium0 

Ti . 

c 

0 

Def. 

TiOi . 

c 

910 

Ti  +  O2;  & 

(709, 1038) 

1  amorp. 

896 

Ti  +  O.;  tfe 

(709,  1036) 

T'O’dll)  i rutile) . 

c 

™2(II) . 

c 

Tr.;  1.3**, 

(609) 

Ti02a). . . 

c 

Tr.iS.i”*) 

(609) 

TiOj(III)  lanatase)  . 

c 

T‘(L  n, . 

c 

|  Tr.;  i- i(m) 

(609) 

TiO.,,, . 

c 

Tr.;  I.®”/, 

(609) 

TiOj.xIIjO . 

coll. 

'  880  + 

analogy 

(709) 

xHjO 

TiF- . 

aq. 

2327 

NasTiF« 

H  :TiFj . 

aq. 

2331 

.  Ti05.xH20  + 

(976) 

HF 

»  TiCU  (brown)  heat  of  solution  48.6,  TiCli  (blue)  heat  of  solution  45.8  (10T) 


THERMOCHEMISTRY.  16  TO  23 


1  S3 


Formula 

State 

Q.  kj 

Method 

Lit. 

Titanium.- 

— (Continued  i 

TiCl. . 

liq. 

768 

24  2 1  % 

2000 

(207,  976) 

HiTiCl. 

aq. 

135o 

TiCl.  +  HC1 

(97«) 

aq. 

Zirconium'1 

Zr 

c 

0 

Def. 

ZrO,  . 

rIs. 

748 

Zr  +  Oi 

(1  04  0) 

Zr(OH)«  . 

ppt. 

X 

(27°) 

ZrOCli  . 

aq. 

ZrOCli.  2HiO . 

c 

67 

(2S9) 

ZrOCli.3JHjO . 

c 

38 

(269) 

ZrOClj.BHjO . 

c 

3 

(269, 

ZrOCli. 8HiO . 

c 

-13 

(269) 

ZrOBrj.3  i  IDO . 

c 

37.7 

(271) 

ZrOBn.8HiO . 

c 

-8.4 

(271) 

ZrO(XOi)j.2HjO . 

c 

9.1 

(273) 

ZrO(NOj)j.3HiO(?) . 

c 

-2.1 

(273) 

ZrO(NO»)t.3JHjO . 

c 

-8.0 

(273) 

ZrO(XOi)i.6HjO . 

c 

-24.7 

(273) 

ZrOSO*.4HjO . 

c 

43 

(272) 

ZrOSO,  SOi . 

c 

137.2 

(272) 

ZrOS04.H*S04 . 

c 

86 

(272) 

ZrC . 

c 

146 

ZrO  +  C* 

1  (628*) 

Tin 

C 

Tr.  °-04Al'.r«  1 

(1  045) 

Sn(t*tra«.) . 

Sn(gray) . 

C 

c 

0 

—  2.2 

Def. 

Tr  •  2  2'1 

*'  “'“ftetrais.) 

(242,  282, 

698) 

Sn++  . 

aq. 

lo 

SnClx 

aq. 

-  4 

SnCL 

c 

292 

+  0, 

(322,  708) 

SnO*(fu»od> . 

SnO- . 

c 

aq. 

578 

456 

Sn  +  Ox;  <fc 
NasSnOx 

(308) 

Sn02(H)  (cnAKit«rite) . 

c 

Tr-l  1-3  ft0,) 

(609) 

Tr.;  1  -9(11) 

(609) 

Sn(OH)t . 

coll. 

570.7 

SnClj  + 

(976) 

XaOH 

coll. 

1357 

SnCL  +  KOH 

(976,  1  01  4) 

SnF- . 

aq. 

1963 

X  =  HjSiF. 

HiSnF. . 

SnCli . 

aq. 

c 

1967 

339 . 6 

SnCL  +  IIF 

300 

(976) 

(84,  976) 

SnClnjHCl) . 

8nCl«.2HiO . 

aq. 

c 

341.1 

936 

+  Zn:  & 

—  22. 118 

200 

(759,  976) 

(84,  185,  976) 

liq. 

533 

125.2«o 

(84,  976) 

gas 

495 

—►liq. 

(1  5.5,  1  072) 

aq. 

658.2 

SnClj  + 

(69,  976) 

HCIO;  & 

SnCl“  . 

aq. 

aq. 

988 

KtSnClc 

6 

HtSnCU . 

989 

= SnCL  + 

HC1 

c 

257 

-7 

(84,  1  85) 

aq. 

251 

+  KC1 

(84) 

SnBr« ......' . 

liq. 

386 

— ►c*1 

(84,  433, f 
983) 

c 

398 

69 

(84,  984) 

aq. 

467 

SnCL  +  KBr 

(84,  511) 

Snlx 

c 

15o 

analogy 

(185) 

aq. 

138 

+  KC1 

(84) 

SnCl*  2}  N’Hi  . 

C 

614 

+  58 . 6nct 

(185*) 

SnCli. 4NHi.  . 
8nCli.9XH». 

SnBrj.XHa . 

8nBrj.2XHj . 

SnBn.SNHj 

8nBri.fi  N  II*.. . 

SnBrs.ONHi 

Bui  mi 

8&Ii  2NHi  .  . 

flaltlNHi 
finis.  6NHt. 

Sn  If  ONHi 

c 

C 

: 

c 

c 

c 

c 

c 

c 

c 

c 

c 

678 

1067 

384 

487 

585 

759 

1069 

263 

365 

460 

637 

953 

dissoc.* 

dissoc.* 

dissoc.* 

+  HC1;  & 

•  HC1;  & 

dissoc.* 

dissoc.* 

dissoc.* 

*  II<  A 

+  HC1;  & 
dissoc.* 
dissoc.* 

(185*) 

(185*) 

(185*) 

(185*) 

(185*) 

(185*) 

(185*) 

c"s*> 

(t*5.) 

(1*6») 

(*••*> 

(*•»*) 

SnS . 

0 

lOo 

+  Hi* 

1  (SSI*) 

•  Include*  0-2  Hafnium. 


Formula 

State 

Q.  kj 

Method 

Lit. 

Pb . 

Lead1* 

c  0 

I)ef 

Pbiatick) . 

O 

0  3 

+  Hit* 

4  39*) 

Pb** . 

aq. 

•> 

Pb(XO»)j 

PbO.  ,«i ) . 

c 

219.6 

+  Hi;*  & 

S3  1  *  9  93*«t 

PbO,  . 

c 

262 

+  SOi;  & 

1  08  8*) 

(2  7  4,  305,* 

PbjO . 

c 

214.5 

+  IIjCjO, 

709) 

(512) 

PbjOi . 

c 

729 

dissoc.  * 

1  620,  S  5 1  *  ) 

Pb(OH)j . 

ppt. 

576 

Pb(XOj),  + 

(SS,  978) 

PbF  j . 

0 

667 . 1 

NaOH 

Pb(XO,),  +  1 

(464,  468) 

PbCl, . 

C 

358 . 5 

HF 

Pb  +  CL*;  *  ' 

(229,  230, 

aq. 

331.1 

-27.4 

2  4  S  ,  *  439.* 
594,*  780; 
(55,  245,  | 

PbCL.PbO . 

c 

597 

76nci 

978  ) 

(,l) 

PbClj.2PbO . 

c 

820 

167hci 

(“) 

PbClj.3PbO . 

c 

1037 

265|ici 

(") 

PbBr, . 

c 

277.3  1 

KjC.HjO.;  & 

(229, 976; 

aq. 

235.3 

—42  0  8 

2500 

(.7*, 

PbBrx.PbO . 

c 

501 

104  H  Br 

(") 

PbBrj. 2PbO . 

c 

717 

209HBr 

(M) 

PbBrj. 3PbO . 

c 

935 

316HBr 

(") 

Pblj . 

c 

175.1 

Pb  +  I;  it 

(229,  230, 

PbIj.HI.5HjO . 

c 

1678 

-  16” 

200 

439,*  967) 
(130) 

PbS . 

ppt. 

93 

Pb(XOj),  + 

(60,  553, 907,* 

PbSCLa) . 

c 

NaxS 

Tr.;  17.0gj» 

976  i 

(1091) 

Pbs°4(I„ . 

c 

898 

Pb(XO.)j  + 

(976) 

PbSjOj . 

c 

616 

HjSOj;  * 
XaiSiO*  + 

(369) 

PbSjOe . 

aq. 

1150 

NaCiHiOi 
Pb**  +  SjOe- 

PbSj()«.4HjO . 

c 

2330 

-35.7*8 

400 

(976) 

PbSjO. . 

c 

1119 

-20.9 

(369) 

PbSe . 

aq. 

ppt. 

1097 

99 

ions 

Pb(CxH«Ox)x 

(350) 

c 

52 

+  HxSe 
+  Br  aq. 

(350) 

PbSc04 . 

c 

627 

NaxSeO*  ■+■ 

(696, 

PbTe . 

c 

23  (?) 

Pb(XOs)i 
+  Br 

(351) 

PbX. . 

c 

-  421 

dissoc. 

(1113) 

Pb(XO.)j . 

c 

453 . 2 

-31-8i»‘o 

(54,  959,  37C) 

400 

200 

421.3 

423.5 

dil. 

PbClj  + 

(076) 

Ph(ND^9  PbO 

100 

40 

c 

426.7 

431.8 
707 

HXOj:  & 
dil. 
dil. 

Pb(XO,),  + 

(976) 

PbClj.XIIj . 

c 

456 

NaOH 

dissoc.* 

(164.) 

PbClj.lJXHj 

c 

506 

dissoc.* 

(184.) 

PhPK  2NH« 

c 

552 

dissoc.* 

(1  84*,  338) 

PbClj. 31  XHa . 

c 

659 

dissoc.* 

(164.) 

PbClj.SXHj 

c 

1040 

dissoc.* 

(1.4.) 

2PbClj.NH«Cl . 

c 

1032.7 

PbClj  + 

(144) 

PbBrj.XHi 

c 

388 

NH4C1 

dissoc.* 

(ti4.) 

PbBrj. 2X11  j 

c 

482 

dissoc.* 

(164  *,  335*) 

PbBrj. 3XH. . 

c 

567 

dissoc.* 

(I*4*) 

PbBrj.61  NHj . 

c 

777 

dissoc.* 

1  1 B4  *) 

PbBrj. 8XHj . 

c 

977 

dissoc.* 

(184* 

Pblj.i  XHi . 

0 

228 

dissoc.* 

Pblj.XHi 

c 

279 

dissoc.* 

(*•«•) 

PbIj.2XH.  . 

c 

372 

dissoc.* 

(164.) 

Pblj.SXHj 

c 

631 

dissoc.* 

(164*,  338*) 

PbIj.8XHj . 

c 

866 

dissoc.* 

(1.4. , 

PbSO.,(XH.)jSO.. 

c 

206 -S  0 

PbSO.  + 

(10) 

PbHPOi . 

c 

970 

(NH.ljSOj 
XnjH  PO»  + 

(•) 

PbCOj . 

0 

707 

Pb(Xi  Wi 
+  H  XO, 

I  <  ••) 

ppt. 

703 

+  UNO, 

686,  878\ 

•  Alloys  with  Sn  (•  s  * ) 
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INTERNATIONAL  CRITICAL  TABLES 


Formula 


PbCOs.PbO 
PbCOj.2PbO 
PbCiOa . 

Pb(CHOi)*. . 


I'b(CH3C02)2 


Pb(CH3C0s)2.3H20. 
Pb0.Pb(CII3C02)2 _ 


Pb(CN)2.2Pb0.H20 
Pb(CNS)s . 


State 

Q.  kj 

Method 

Lit. 

Lead. — 

C Continued ) 

C 

928 

+  HNOj 

(668,  1005) 

C 

1151 

di88O0.* 

(1005) 

c 

863 

Pb(N03)2  + 

(58,  668) 

K2C2O4 

c 

859 

—  29 10 

(S5) 

aq. 

830 

Pb(OHh  + 

(55) 

IICHO2 

c 

979.3 

5. 91 1 

220 

(55) 

aq. 

985 . 4 

PbO  + 
HC2H302;  & 

(55,  976) 

c 

1867 

—  2'\ 1 1 
*  mo 

(55) 

c 

1226 

Pb(C2H302)2 
+  NaOH; & 

(9  7  9  ) 

c 

523 

1  r.4  1  9 

AO*UN03 

(555) 

c 

-  120 

Pb(C2H402)2 

(555) 

+  KCNS 

Thorium 


Th . 

c 

0 

Def. 

Th++++  (?) . 

aq. 

998 

ThCh 

ThO, . 

c 

13S5 

Th  +  02 

(268,  1  028) 

Thll. . 

c 

-  179 

dissoc. 

(684) 

Th(OH)4(dried  ppt.) . 

ppt. 

1407 

+  HC1 

(268) 

Th3(OIi)4(condensed) . 

ppt. 

1360 

+  HC1 

(268) 

ThCl. . 

c 

1402 

23716;  & 

(268, 1028) 

aq. 

1641 

Th  +  HC1 

(268) 

ThCh.2H20 . 

c 

2041 

171.9 

(268) 

ThCU.  IH  O . 

c 

2675 

109.8 

(268) 

ThCL.7H20 . 

c 

3582 

61 

(268) 

ThCL.8H20 . 

c 

3882 

47.9 

(268) 

ThOCh . 

c 

141o 

117.8 

(268) 

ThClaOH.HaO . 

c 

1669 

199 

(268) 

Thllr, . 

c 

1176 

293 . 7 

(268) 

aq. 

1470 

ions 

(268) 

ThBr<.7H20 . 

c 

3379 

94.4 

(268) 

ThBr<.10H2O . 

c 

4291 

41.2 

(268) 

ThBr-i.l  2H20 . 

c 

4895 

10 

(268) 

ThOBrj . 

c 

1334 

117.0 

(268) 

ThI,  . 

aq. 

1221 

ions 

(268) 

ThOIt . 

c 

1212 

90.1 

(268) 

ThOIi.JHjO . 

c 

1781 

42 

(268) 

Thh.OH.lOHsO . 

c 

3812 

35.3 

(268) 

Th  (SO«)2 . 

aq. 

277o 

ions 

Th(S03)2.4H20 . 

c 

3893 

21 

(59t) 

Th(S0,)2.8H20 . 

c 

5090 

-31 

(591) 

ThCU.2NH,Cl . 

c 

2069 

166.6 

(268) 

ThCL.2NH3C1.10H2O... 

c 

5114 

-16 

(268) 

ThCl4.4NHi . 

c 

1920 

258HC1 

(268) 

ThCl4.6NH3(a) . 

c 

2142 

306.0hC1 

(268) 

[Th.6NH3]Cl.(fl) . 

c 

2297 

148hC1 

(268) 

ThCl4.7NH3(a) . 

c 

2194 

346.3HC1 

(268) 

[Th.6NH3]Ch.NH3(e).... 

c 

2435 

142 . 9hC1 

(268) 

ThCL.12NH3(a1 . 

c 

2672 

585hC1 

(268) 

[Th.6NH3]CL.6NH3(j3)  .  . 

c 

2864 

392hci 

(268) 

ThCl4.18NH3(a) . 

c 

3127 

896hCI 

(268) 

[Th.6NH  i]Cl4.12NH3(/9) 

c 

3304 

719hC1 

(268) 

Th(C03)3 . 

(?) 

3579 

ThS04.4H20 
+  K2CO3 

(591) 

Indium" 


In . 

c 

0 

Def. 

Int+  + . 

aq. 

113 

InCIs 

In203 . 

c 

100 

+0* 

(315) 

InCl . 

c 

187 

+  KBr  +  CIi 

(1  099*) 

InCh . 

c 

303 

+  KBr  +  Cl2 

(1  09  9*) 

InCIs . 

c 

538 

In  +  CL 

(1  099*) 

aq. 

608 

71hCI(m> 

(1  098*) 

InBra . 

C 

407 

65hCI(22) 

(1  09  8*) 

aq. 

472 

ions 

Ini* . 

C 

136 

44hCI(!!> 

(1  09  8*) 

aq. 

280 

ions 

InCLNHi . 

c 

675 

64  H  Cl  (22) 

(1  0  98*) 

InCh.2NII3  . 

806 

(1 098*) 

InCL.3NTH3 . 

c 

934 

70Ha(!2> 

(1 098*) 

InCl3.5N'H3 . 

c 

1125 

144HCK2S) 

(1  098*) 

Indium  amalgams,  heat  of  dilution  (873). 


Formula 

State 

Q.  kj  1 

Method 

Lit. 

InCl3.7NH3 . 

Indium. — 

C 

( Continut 
1288 

id) 

dissoc.* 

(1  098*) 

inCL.isNHi . 

c 

2246 

dissoc.* 

(1  098*) 

InBr3.3NH3 . 

c 

797 

72hci<«) 

(1  098*) 

InBr3.5NH3 . 

c 

1001 

129iic1(22) 

(1  098*) 

InBr3.7NH3 . 

c 

1170 

228hC1(s*> 

(1  098*) 

InBr3. 15NH3 

c 

1810 

dissoc.* 

(1  09  8*) 

Inla.NHs . 

c 

367 

dissoc.* 

(1  098*) 

InI3.2NH3 . 

c 

486 

59HCK12) 

(1  098*) 

InI3.5NH3 . 

c 

826 

1  16hc1(«> 

(1  09  8*) 

InI3.7NH3 

c 

1012 

194hc!(22> 

(1  098*) 

lii  1 3  9  \  H  3 . 

c 

1176 

dissoc.* 

(1  09  8*) 

InI3.13NHs . 

c 

1491 

dissoc.* 

(1  09  8*) 

IXll3.21NH* 

c 

2101 

dissoc.* 

(1  0  9  8*) 

Tl<i.  ■ 

Tha 

c 

illium" 

Tr;0.217« 

(1  045) 

T1cii>.  . 

c 

0 

Def. 

Tl- . 

aq. 

-  4 

TlOH 

Tl7++ . 

aq. 

-  123 

TlBr3 

TLO . 

c 

176.4 

-129^o 

(26,  976) 

TlOH . 

c 

238.0 

-13‘2^ 

(422, 976) 

aq. 

224.8 

+  HC1 

(976) 

Tl(OH)a . 

c 

607.1 

+  HBr 

(976) 

T1F . 

aq. 

323.5 

N 

(422, 793) 

HT1F- . 

800 

637 . 4 

HF  +  T1F 

(793) 

T1C1 . 

c 

203.8 

Tl  +PbCL*;  & 

(439,*  976) 

T1CL . 

aq. 

c 

161 

337.9 

—  4218 

4500 

+  35.3*00 

(97J) 

aq. 

373 . 2 

ions 

(9  7  9 ) 

TICL.4H2O . 

c 

1527.1 

—  8.93oo 

( 9  7  3 ) 

TlBr . 

c 

171.8 

TI2SO4  + 

TlBr3 . 

aq. 

236 . 1 

HBr;  & 

+so2 

( 9  7  ® ) 

(9  7  9 ) 

TlBr3.4HsO . 

c 

1390  2 

—  9 . 4  4  80 

(972) 

TlBr2Cl . 

aq. 

282 

TlBr3  +  TICh 

(9  7  2 ) 

TIBrjC!  UI2O . 

c 

1438.9 

—  12 .  l32o 

(9  7  6 ) 

Til . 

c 

126.0 

TLSO4  +  HI 

(9  7  9 ) 

TLS . 

c 

92 

Na,S  + 

TI2SO4 . 

c 

911.4 

TINOs 

-34. 6>8 

1600 

(9  7  6 ) 

(97s) 

800 

876.8 

N;  & 

(9  7  9 ) 

200 

878.2 

dil. 

(422,  976) 

TLSe . 

c 

5o 

+  Br 

(351) 

TLTe . 

ppt. 

c 

5o 

30 

T1C2H302  + 
H2Se 
+  Br 

(351) 

(351) 

T1N3 . 

c 

-  229 

dissoc. 

(1113, 

tino3i1i . 

c 

Tr:  3-2(n) 

(23«t) 

T1N0»(1I, . 

c 

Tr;  1  •  0(fn) 

(234*) 

TINOj  iji . . 

c 

246.1 

-41. 718 

300 

(9  7  6 ) 

aq. 

204.4 

N 

(9  7  6 ) 

T1C1.3NH, . 

c 

431 

dissoc.* 

(i 9  6 ) 

TlBr.3NH. . 

c 

398 

dissoc.* 

(199) 

T1I.3NH3 . 

c 

353 

dissoc.* 

(196) 

TIOCLIL . 

c 

230 

-2.2 

(423.5) 

c2h6oh 

232 

Tl  +  C2HsOH 

(423.5) 

T1C2H302 . 

aq. 

488 

N;  & 

(422) 

T10NC . 

c 

-  109 

dissoc. 

j  (IU3) 

Zn . 

c 

Rnc* 

0 

Def 

gas 

-131 

— >c* 

(329,*  460,* 

Zn++ . 

aq. 

153 

ZnSO. 

516,*  517,* 

536,*  657,* 

693,*  792,* 

876,*  1069*) 
(444) 

ZnO(fusod) . 

c 

353 

Zn  +  02;  & 

(1  6,  95,  307, 

ZnO(low  temp.) . 

c 

349 

105.6h2S01(zoo  : 
<fe 

308,  3  1  5,  323, 

359, 390, 490, 

659, 666, 711, 
730.5,  1  067) 

|  (390, 658, 666 ) 

•  TLSOi.lONHj  (343).  Thallium  amalgams  (890,  870'  873). 

»  For  heat  of  dissociation  of  the  ammincs  of  various  zinc  salts,  r.  f333.  339>  341 ). 
Alloys  with  Sn  (ss5>. 
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Formula 

State 

Q.  kj 

Method 

Lit. 

Zinc. — (Continued 

ZntOH  >1  (?) . 

C 

663 

79h»SO*1!oo) 

(J90,  717) 

Zn(OH). . 

amorp. 

642.3 

ZnSO.  + 

KOH;  A 

(390,  976) 

Zn(OH  )s.HtO(ordin  ppt 

amorp. 

928.5 

+  H1SO. 

(190) 

ZnOi.2H  iO . 

c 

10.56 

62.211,80,  too)  | 

(190) 

ZnOYjHiO . 

c 

454 

64 . 8(1380, 

(390) 

ZniOi.2HiO . 

c 

1543 

201.4h,8O,<kxpi 

(190) 

ZnFi . 

aq. 

804.8 

ZnCli  +  ArF 

(791) 

ZnCli  . 

c 

416.6 

85  8iS<> 

(32,  811,  976) 

400 

482.4  1 

Zn  +  HC1;  A 

(1  88,  1  97, 

858,  872, 

91  9,  933, 

1  087,*  1099) 

200 

480.8 

dil. 

(978) 

100 

477.3 

dil. 

50 

471.  0 

dil. 

20 

461.9 

dil. 

10 

456.4 

dil. 

5 

448.6 

dil. 

ZnCli.3ZnO.5HjO . 

c 

2952 

257hci 

(“> 

ZnCli.4ZnO.HHiO 

c 

5040 

321 HC1 

(") 

ZnCli.5ZnO.8HiO  . 

c 

4536 

400HCI 

(") 

ZnCli  SZnO.lOHiO . 

c 

6188 

621HCI 

(") 

ZnBn . 

c 

326 

62.9 

(1  1,  978) 

400 

389 

ZnSOi + 

(51  1,  976) 

BaBrj;  & 

ZnBri.4Zn01.3Hi0 . 

c 

5517 

326hBt 

(") 

Znl- 

c 

208 

49;  A  * 

(1  035,  1  093*) 

650 

257 

Zn  +  It 

(1  036) 

ZnIi.5ZnO.HHiO 

c 

3935 

484  b  I 

(966) 

ZnS  •  -  • . 

c 

192 

+  NaiOi 

(715) 

ppt. 

173 

Zn(C;Ha02)j 

(60,  976) 

+  HiS;  A 

Zn8<  ’ : 

aq. 

616 

Zn  +  SOi 

(78) 

ZnSO« . 

c 

960.5 

77.6'J„ 

400 

(458,  694,* 

976) 

400 

1038 . 1 

+  NaOH;  A 

(976) 

200 

1038.1 

dil. 

(390,  976) 

100 

1038.0 

dil. 

(976) 

50 

1037.8 

dil. 

20 

1036.4 

dil. 

ZnSOi.HiO . 

C 

1282.4 

41-8ioo 

(458,  976*) 

ZnSOi.GH  iO . 

c 

2759 

(287,  3  5  5  , 

429,*  749, *» 

880,*  976) 

ZnSOi.THiO . 

c 

3059 . 2 

-179i?o 

(429,  458, 

694,  976) 

ZnSjOi  .  •  • 

aq. 

818 

ions 

ZnSiO. . 

400 

1301 

ions 

ZnS,0,.6H,0 . 

c 

3028.0 

-9.4 

(976) 

ZnSe 

c 

140 

+  Bri 

(150) 

ppt. 

131 

ZntCiH,Oi)i 

(150) 

4-  NatSe 

ZnTo 

c 

139 

+  Br 

(151) 

ZnN. . 

0 

-  213 

dissoc. 

(1111) 

Zn(NOi)i 

400 

569 . « 

ions 

200 

569.7 

dii. 

(976) 

100 

569.9 

dil. 

50 

570.2 

dil. 

20 

570.0 

dil. 

15 

569.0 

dil. 

10 

565.2 

dil. 

3 

556 

extrap. 

Zn(NO,),.3H«0 

c 

1450 

-liq 

(1105) 

Zn(NOi)t.6HiO 

e 

2311.1 

-24  5,s 

400 

(712,  976) 

ZnCli.NHi 

c 

566 

dissoc.* 

(191.) 

ZnC'li  2NHi 

c 

693.2 

+  HCI;  A 

(1  93,*  539) 

Zn  Cli.4NHi 

c 

884 

+  HC1;  A 

(193,*  539) 

ZnCli  6NH1 

c 

1068 

+  HC1;  A 

(1  93,*  222,* 

339,*  539*) 

ZnCli.lONH, 

c 

1370 

dissoc.* 

(1  93,*  334*) 

ZnCli.5NH,  HtO 

0 

1231 

196nci 

(•«) 

ZnCli.2NHi.JHtO 

0 

757 

57.5hCT<imi 

(“) 

ZnCli.ZnO.8NH. Cl 

c 

3254 

40hcI 

(ti) 

3ZnCli.6NH«Cl.H.O 

c 

3478 

27 

i  t") 

3ZnCl,  ZnO.lONH.Cl  . 

° 

3822 

68HCI 

CM 

6ZnCli.ZnO.12N  11, 

0 

5639 

400  net 

<“) 

ZnBrt.NI!) 

1  « 

|  514 

dissoc.* 

1  0»**) 

Formula 

State 

Q.  kj 

Method 

Ut. 

Zinc. —  Con  tin  uni 

ZnBn.2NHi 

c 

644 

dissoc.* 

(1  93,*  3  39*  j 

ZnBn.4NHi 

c 

84  y 

dissoc.*;  A 

(  1  1  ,  1  93.  33  2* 
334*) 

ZnBn  6NH1 

e 

1032 

dissoc.  • 

(  193*) 

ZnBn.6NHi.H,0. 

c 

1319 

153|tBr 

(") 

Znli.NH, . 

c 

345 

dissoc.  * 

(193* 

ZnIt.2NHi . 

c 

471 

dissoc.* 

('»*•) 

ZnI:.4NH, . 

0 

695 

93.6m; 

(1  93,*  966  ) 

Znlt.bNHi 

c 

878 

dissoc.  • 

(1  93,*  339  ) 

Zn(NH4)nS04)i.2HiO ... 

c 

2735 

dissoc.* 

(262*) 

Zn(NH»)i(S04)i.6H,0. 

c 

3962 

-55 

1 334,  458) 

ZnCO. . 

ppt. 

809 

ZnSC>4  + 
NatCOi 

(58) 

ZnCi04.2Ht0 ... 

c 

1562 

Z11SO4  4- 
KjCtO* 

(66, 

Zn(CjHs)2 . 

liq. 

31 

326hci;  a 

(467) 

Zn(CHOi)i . 

c 

961 

1 7 1 6 

X  500  1 

(65) 

250 

978 

ZnSO<  4- 
NaCHOi 

(SS> 

Zn(CHOs)i.2HiO . 

c 

1560 

-  10iL 

600 

(55, 

ZnCCsHjOsJi. 

c 

1093 

4l” 

720 

(55) 

400 

200 

100 

50 

1134.1 

1130.4 

1126.0 

1120.9 

Ba(CiHiO,)i 
+  ZnSO.:  A 
dil. 
dil. 
dil. 

(55,  976) 

ZnCCsHjOjB.HsO 

C 

1392 

(55) 

Zn(CiHiOi)i.2HiO . 

c 

1089 

18l°oo 

(55) 

Zn(CN)i . 

c 

-  68 

14nci 

(152,  555) 

3Zn(CN);.ZnO . 

c 

167 

95hc1 

(1 52,  555) 

ZnSiOi . 

c 

1199 

358hfi»‘o) 

(740) 

ZnaSiO*  . .  • 

gls. 

1450 

4ifiiiF(*ro) 

(740) 

c 

1487 

379|in» 

(740) 

ZnSnjo . .  • 

c 

-  25 

+  Br 

(511) 

ZnSn0.« . 

c 

-  54 

+  Br 

(511) 

ZnSn0-ii  . 

c 

-  17 

+  Br 

(511) 

ZnSn0.i . 

c 

Cac 

-  21 

mium“ 

+  Br 

(511) 

“(«) . 

c 

0 

I)ef. 

CdO) . 

c 

-  0 

23 

a* 

g 

-  112 

— ►«* 

Cd  — . 

aq. 

73 

Cd(NO,), 

CdO . 

c 

273 

Cd  +  O;  A 

Cd(OH)2(0rtlin  ppt.) . 

ppt. 

559 

CdSO, + 

KOH;  A 

CdFi . 

1200 

721 

9 

C<iCl,  +  AgF 

CdCli . 

c 

tS9 

2 

13.0]* 

400 

400 

402 

1 

dil. 

200 

401 

3 

dil. 

100 

400 

6 

dil. 

50 

400 

1 

dil. 

20 

397 

6 

dil. 

10 

390 

7 

dil. 

CdCli.HiO . 

C 

68.5 

5 

4-2.6** 

^  400 

CdCli.2JHiO . 

c 

1129 

9 

-  12.31*  ; 

400 

CdCli.4HiO . 

c 

1938 

dissoc* 

CdCli.2HCI.7HiO  . 

c 

2744 

-1°;; 

CdCl1.CdO.H1O 

c 

988 

68  act 

CdBr, . 

c 

317 

O 

400 

319 

Cd  +  Br;  A  ' 

CdBr,.4HiO 

c 

1494 

1 

-30.51* 

CdBn.CdO  11,0 

0 

911 

Cdli . 

c 

202 

5 

Cd  +  I>;  A 

400 

198 

5 

°\Ze 

(443*) 

(228,*  329,* 
370,*  657,* 
792,*  881 ,* 
1 069*) 
(285) 

(315,  715, 
730.5) 

(976) 

(793) 

(1  97,  283,  | 
552,*  81  0,0 
858,  869, 
871, 976) 
(976) 


(253, 979; 
(9100) 

(163,o*  »69* 

(1020*) 

(100) 

(966) 

(976) 

(Bll,  764, 

976) 

(976) 

(966) 

(S94,*  9690) 
(164, 191,* 
976) 


•  Cd(C10«)*.6NH».  Cd(CIO*)i.4NH »,  Cd(IOi»4NHi.  heat  of  di*s<>.  14,# 


Alloys  with  Pb,  Sn  (••*). 


INTERNATIONAL  CRITICAL  TABLES 


186 


Formula 

CdI3.CdO.H2O 

CdS 


Q,  kj  |  Method 


Lit. 


Cadmium. —  (Continued) 


CdSOi 


CdSO,.2.U7  H  2O 


CdSiOs 


CdSe 


CdTe 

CdN  6 . 

Cd(N03)2 


Cd(N03)2.H2O . 

Cd(N03)2.4H20 

CdCh.NH.,... 

CdCl3.2NH3 . 

CdCl2.4NH3 . 

CdCl2.4NHiCl . 

CdCls.6NH3 

CdCl2.10NH3 . 

2CdCh.2NH4Cl.H3O. 

CdBrs.  Nils . 

CdBr2.2NH3 . 

CdBr3.6NH3 . 

CdBr2.12NH3 . 

2CdBr2.2NH4Br.H2O 

Cdl3.2NH3 . 

Cdli.tiNIU . 

2CdI2.2NH4I.H2O. 

CdS04.4NH3 . 

CdS04.6NH3 . 

CdSb . 

Cd3Sb2 . 

CdC03 . 


Cd(CN>2 . 

Cd(ONC)2 . 

Cd(CN)2.Cd0.5H20. 

CdZn(o.36> . 

CdZn(i.28) . 

CdZn(4.6i) . 


Hg. 


Hg++ . 

Hg^ . 

HgO(r«i).  . 

HgO (yellow)  • 


Hg20 . . 
HgClj. 
Hg2Cl2 


HgCh.HgO . . 
HgCl«.2HgO. 
IIgCl2.3HgO. 
HgCli.4HgO 


C 

756 

108  21 3  l 

(966) 

c 

142 

+  NasOs 

(71S) 

ppt. 

145 

CdSO, + 

(  9  7  6  ) 

NasS 

c 

912.0 

(290©) 

400 

956 . 72 

dil. 

(290, Oj  525) 

200 

955 . 9 

+  BaCh;  & 

(976) 

100 

955 . 24 

dil. 

(525  t) 

50 

954.40 

dil. 

30.6 

952.20 

dil. 

20.6 

950.81 

dil. 

15.6 

94S.86 

dil. 

13.6 

945.37 

dil. 

c 

1709.2 

10'6^o 

(525,  544,* 

94 1 1) 

aq. 

1221 

BaS2Oc  + 

C976) 

CdSO, 

ppt. 

9o  (?) 

CdSC>4 

(3  50) 

Na2Se 

c 

7o 

+  Br 

(350) 

c 

66 

+  Br 

(351) 

c 

-  445 

dissoc. 

(1113) 

400 

489.9 

CdSO, + 
Ba(N03)3 

(976) 

c 

758 . 6 

17  518 

U  -°400 

(976) 

c 

1655 . 7 

-21. 119 

400 

(8  7  8  ) 

c 

510 

dissoc.* 

(1081*) 

c 

630 

35  •  ®HCi 

(966,  1  08  1  *) 

c 

SOU 

dissoc.* 

(1081*) 

c 

1651 

-57. 516 

(966) 

c 

991 

dissoc.* 

(334,*  1  08  1*) 

c 

1292 

dissoc.* 

(10  8  1*) 

c 

1729 

—  44. 910 

(966,  1081) 

c 

438 

dissoc.* 

(1  08  1 *) 

c 

552 

•'-'•"HBr 

(966,  1081) 

c 

917 

dissoc.* 

(332*) 

c 

1383 

dissoc.* 

(108  1*) 

c 

1485 

— 6016 

(966) 

c 

410 

50 1U’  & 

(966*) 

c 

779 

dissoc.* 

(332*) 

c 

1126 

—  66 . 016 

(966) 

c 

1307 

dissoc.* 

(335*) 

c 

1497 

dissoc.* 

(335,*  538*) 

c 

11 

+  Br2 

(166) 

c 

17 

+  Br2 

(186) 

ppt. 

748 

CdSO, + 

Na2C03;  & 

(9  7  8  ) 

c 

-  154 

35h°2S04;  & 

(555) 

c 

-  151 

dissoc. 

(1113) 

c 

1955 

53h2so,:  & 

(555) 

c 

—  15 

+  Br2 

(511) 

c 

-  29 

+  Br2 

(511) 

c 

—  25 

+  Br2 

(511) 

Mercury" 

liq. 

0 

Def. 

(460.5,  584.5, 

gas 

-  60.2 

— >liq. 

599.5,  792.5) 

aq. 

-  174 

Hg(N03)2 

aq. 

-  168 

Hg2(N03)2 

c 

91 

+  Hg2;  & 

(242,  1  008  ) 

ppt. 

87 

HgCl-,  + 

KOH;  & 

(1  08,  976) 

c 

90 

Hg2Cl2  + 

KOH;  & 

(976,  1  008) 

c 

223.6 

-13-9^o 

(53,  8  1  1,  976) 

aq. 

210 

+  KI;  & 

(69, 976) 

ppt. 

263.7 

+  KI;  & 

(439,*  637,* 

976,  1  008, 

1065*) 

c 

317 

59?IC1 

(11,  12) 

c 

409 

131hci 

(11,  12) 

c 

496 

2109 

^iUHCl 

l".  I2) 

c 

583 

289  HC1 

1  (11,  >2) 

Formula 


State 


Q,  kj 


Method 


Li*. 


HgsBri 


Hgl2(red). 


Hgl2(yellow)  •  * 

H  g  21 2  (yellow  ) 
Hg2l2(yellow-grepu 


H2Hgl4. .  . 

HgS(red) 
HgS(red)  • 
HgS(blapk) 
HgS04 


Hg2S04 . 


3Hg0.S03 . 

HgS04.2H2S04 


Mercury. 

aq. 


aq. 

PPt. 


c 

c 

c 

1500 


c 

ppt. 

aq. 

c 

amorp. 

amorp. 

c 

4H2SO4- 

(100) 

c 


100 


200 


-(Continued ) 

548 


174 

156 

206 

270 

360 

453 

524 

424 

106 

93 

120.8 

120.2 


HC1  +  HgCh 
Hg  +  Br2;  it 


—  14 12 
**KBr 

+  Br;  & 


148.5*1Br 

291?.Br 


430 . ol 


HgSe. 


Hg2(N3)2.  . 
Hg(N03)2. 
Hg2(N03)2 


ppt. 

c 

aq. 

aq. 


Hg2(N03)2 . HNO3(100) 

Hg2(NO3)2.2H20 .  c 

(Hg(N03)2)2.H20 . j  c 


Hg(NO3)2.2Hg0.H2O 
(HgjNhO . 


(Hg2N)20.H20  .  . 
(Hg2N)20.4H20 
(Hg2N)20.5H20 
(NHg2Cl)2.H20 . 


(NHg2Cl.H20)2. 

HgCl3.2NH3 . 

HgCh.8NHa . 

HgCl2.9JNH3.  . 

Hg3Cl2.2NH3 . 

NHg2Cl.NH4Cl .  . 
NHg2C1.3NH4Cl 
(NHg2Cl)2.NH3  . 

NHg2Cl.NH3 . 

(NHglCl)2.HgCl2. 

HgBr2.2NH3 . 

HgBr2.8NH3 . 

(NH,)3.HgBr, 


°  Amalgams,  cf.  other  metals. 
(873),  T1  (870>  873). 


Amalgams  with  Sn,  Cd,  Bi,  Pb,  v.  (85B).  In 


NHg2Br . 

(NHg2Br)2.HgBr2 

(NHg2Br)4.IIgBr2 

NIIg2Br.NH4Br 

NHg3Br.3NH,Br 

Hgl  Mi  . 

HgI>.2NH> . 

HgI2.8NH3 . 

HgC304 . 

Hg(C3H302)2 . 


c 

c 

aq. 

c 

c 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

1500 


c 

c 

c 

c 

c 

c 

c 

c 

aq. 


357 . 1 
45.6 
45.4 
44 

OSD 

701 

718.1 


899 
1566 . 6 

1569.4 

17 

22 

-  408 
243 
249.0 

245.6 

870 

782 

1029 

-  322 

-  307 

-  23 
870 

1582 
23  0 

531 

527 

932 

1046 

475 

592 

1212 

47 

66 

201 

398 

817 

670 

-  62 
91 

—  15 

238 
789 
181 
301 
610 
670 
829 
812 


HBr 

570  9 
°'-IIBr 

HgBr2  4-  HBr 
Hg  +  I  +  KI; 
& 

Tr-;  KU 

+  KI;  & 

Tr*°  6^ei.ow): 
& 

Hgl2  +  HI 
HgS(black) 
HgS(black) 
HgCH  +  H2S 
+  HC1;  & 
HgSO,  + 
H2SO4 
+  KI;  & 

38H2SO4C200) 
HgS04  + 
H2SO4 
HgSO,  + 
H2SO4 
+  Br 

HgCh  +  Na2Se 
dissoc. 

+  NaOH 
Hg2(N03)2  + 
KC1 

Hg2(N03)2.- 
2H»0  + 
HNOi;  & 

-525>no3.  & 

—  5.9,HN03! 

& 

16hno3;  & 
632»,KCN 
+  KCN 
61954KCN 
5872,KCN 

577.,  KCN 

N2Hg40.4H20 

+  HC1 
5142,KCN 
43hcu«>;  * 
dissoc.* 
dissoc.* 
dissoc.* 

228.,  KCN 

204.,  kCN' 

508.,  KCM 

dissoc.* 

6792iKCN 
85kCNO«) 
dissoc.* 
NH,Br  + 
HgBr2 
253.4KCN 
+  KCN 
1097„KCN 

210.,  KCN 
+  KCN 
dissoc.* 

90kcN(h> 
dissoc.* 

29  4  h  Cl  (100) 
-  17’ 8 

440 

HC1;  & 


(754,  978, 

1  008. 

(754,  976, 
1008) 
(106) 

(754,  975, 

1  008) 

(11,  12) 

(11,  12) 

(11,  12) 

(11,  12) 
(107,  1011) 
(1008) 

(1  07,  204  ) 
(1  008) 

(1  008) 

(786,  105.'. 
(1  008) 
(1008) 

(60) 

(1  008) 
(1008) 

(292,  505, 

1  008) 
(1008) 

(1  0  08) 


(1  008) 

(350,  786*' 

1  (350,  786*) 
(176,  1113) 
(976) 

(976) 

(976, 100?) 

(976,  1  008) 

(1008) 

(1008) 

(435) 

(435) 

(435) 

(435) 

(435) 

(435) 

(435) 

(1081*) 

(10  81*) 
(108  1*) 
(222,  537) 
(435) 

(435) 

(435) 

(435) 

(435) 

(1081*) 

(1  081  *) 
(1012) 

(435) 

(435) 

(435) 

(435) 

(435) 

(1  081*) 

(10  81*) 
(1081*) 
(114) 

(114) 

(1141 


THERMOCHEMISTRY:  29  TO  31 


1ST 


Formula 

State 

(J.  kj  \ 

Method 

Lit. 

Mercury. 

-( Continued ) 

HgH»(C»H>0»)« 

aq. 

1807 

HCsH.Os  + 
Hg(CiH.Oih 

(114) 

c 

851 

+  KI;  A 

(1  008  ) 

Hg(CjH,Os),.lIgO 

c 

916 

Hg(C«H.Os 
+  KOH 

(1008  ) 

lfg(CN), . 

c 

-  260 

-13 

(53,  976) 

aq. 

-  272 

HgClj  +  KCN 

(108,  976) 

Hg(CN)“  . 

aq. 

-  515 

NajHg(CN). 

Hg(CjN.Oj) . 

c 

-  270 

dissoc. 

(1  72,  1  097, 

1113) 

Hg(CN),.HgO 

c 

-  164 

57hC1 

(555) 

3Hg(CN)s.HgO 

c 

-  653 

0.8hci 

(555) 

Hg(CN),.NH.CN 

400 

-  256 

mix. 

(1009) 

Hg(CN),.2NH<CN 

600 

-  248 

mix. 

(1009) 

Hg(CN)».HgClj 

c 

-  38 

—  2314 

(106) 

aq. 

-  61 

mix. 

(i°«) 

Hg(CN),.NH»Cl  . 

500 

26 

mix. 

(1009) 

Hg(CN),.NH4Cl.JHj(). 

c 

272 

-31.6 

(1009) 

Hg(CN)i.NH.Br 

500 

-  18 

mix. 

(1  009  ) 

Hg(CN)j.NH.Br.H,() 

c 

312 

-43.9 

(1 009) 

Hg(CN),.NHd 

500 

-  75 

mix. 

(1009) 

Hg(CN),.NH»l.iHjO 

c 

48 

-51.3 

(1009) 

Hg(CNS). . 

c 

-  211 

HgCl,  + 
KCNS 

(55S) 

HgSn* . 

liq. 

dil.* 

(51  3,  873, 

960) 

HgooPb . 

liq. 

-  11.3 

Hg  +  Pb* 

(637) 

HgiooPb . 

liq. 

10.5 

dil.* 

(862,*  960) 

HgsatPb . 

liq. 

11.0 

dil.* 

(862) 

HgioooPb . 

liq- 

-  11 

dil.* 

(862) 

HgPbj . 

C 

0.2 

Hg  +  Pb* 

(24  1  ,*  439,* 

505*) 

11^3-Zn . 

liq. 

-  0.4 

Zn  +  Hg* 

(863*) 

llg  7.ti . 

liq. 

-  0.7 

dil. 

(862*) 

HgBrj.ZnBrj 

4400 

556 

mix. 

(1012) 

2HgBr2.ZnBr2 

8400 

713 

mix. 

(1012) 

HgBrs.2ZnBrs 

4800 

957 

mix. 

(1012) 

Hg(CN)t.ZnClt 

1000 

-  60 

mix. 

(1 009) 

Hg(CN),.ZnCls.7H,0 

c 

1999 

-56.01s 

(1009) 

Hg(CN),.ZnBr, 

1000 

-  150 

mix. 

(1009) 

Hg(CN)i.ZnBr,.8H,() 

c 

2226 

—  87“ 

(1 009) 

HguCd . 

liq. 

2.1 

Cd  +  Hg* 

(863,*  960) 

HgCd  (.10%  amalgam) 

c 

-  23.7 

Cd  +  Hg* 

(443,*  534  *) 

HgBrs.CdBr,  . 

4400 

485 

mix. 

(1012) 

2IIgBr2.CdBrj 

8400 

640 

mix. 

(1012) 

HgBri.2CdBr>  . 

4800 

809 

mix. 

(1012) 

Hg(CN  j.CdClj 

600 

131 

mix. 

(1009) 

Hg(CN),.CdClj.2HjO. 

c 

742 

—  39“ 

(1009) 

HgtC\)j.CdBrj 

600 

-  49 

mix. 

(1009) 

2Hg(CN),.CdBr, 

1000 

-  223 

mix. 

(1009) 

Hg(CN),.CdBr,.3HjO . 

C 

933 

-52'* 

(1009) 

2Hg(CN)».CdIi 

100 

-  339 

mix. 

(1009) 

2Hg(CN)«.CdI,.8HtO. 

c  2043 

Copper1 

-93“ 

(1009) 

Cu . 

c 

0 

I)ef. 

Cu~ . 

400 

-  69 

CuCli 

CuO . 

C 

146 

HjSO»;  A 

16,  416,  557, 

713,  902, 

976,  993,* 

1055*) 

Cu.O  . 

c 

167 

dissoc.;*  A 

(1  6,  322,  874,* 
976, 993*) 

Cu(OH)j(i.i„.i 

ppt. 

438 . 2 

+  H*S04;  <fc 

(4  1  6,  976) 

CufOH  (jutr^nl 

ppt. 

439  3 

8°  5HN0, 

(4 16, 902) 

3CuO .  H  tO(bro  wn ) 

ppt. 

730 

66  °HNO, 

(416,  902) 

CuF, . 

400 

585 

CuClj  +  AgF 

(793) 

CuCI . 

c 

136 

CuiO  +  HCl; 
* 

(21 5,*  328,* 
552,*  759,* 

780, 976) 

HCl 

109 

—  °7  O25 
UHC1 

(91,  759,  780) 

CuCIs  . 

c 

800 

400 

215.2 

282.0 

261.6 

40  5” 

600 

dil. 

dU. 

(900, 976) 

Formula 


CuCli. — <  f  ’ ontin  u>d 


CuCU.2HjO  .  . 
Cu(C10»), 

CuClj.3Cu<> 
HCuClj 
CuClj.3CuO.- 
4  H  jO  (11  OK-ft  mi  1  c 

CuBr . 

CuBn  . 


CuBn.4H*0 
CuBrj.3Cu(OH ): 
Cul . 

Cul; . 


CuS . . .  . 

CujS(i) 

CusSdD 

CuSO» 


CuSOi.H-O 


CuSO<.3HjO 

CuSO«.oHjO 


CujSO. . 

CuSiOe . 

CuSt0i.5H,O 
CuSO«.CuO 
CuSO.3CuO.4HjO 
CuSc . .  ■ 

CuiSe(Il . 

CuiSe(II) . 

CuScO. 

CuSeO«.5HjO 

CuiTe . 

C’uN'i . 

Cu(NO.)i . 


Cu(N0i)j.3H?0 

Cu(NOi)i.6HiO 

Cu(SOi)i.3CuO,3HjO 

(Cu.4NH.J~ 


•  CuTlj(SO«)i.6HsO.  heat  of  dissociation  (a •  * ).  Heat  of  dissociation  of 

annuities  of  Cu(I0i)»:  CuS.O.:  Cu(CNS),;  Cu(CIOi)i;  Cu(N0»)j:  CuS-O.; 
Cu(C10.)i;  CuCrO.:  Cu(HCO«)i;  Cu(C«H.0.h  C3<#).  Alloys  with  Cd.  Ag 


[Cu  6NH.]+* 


State 

Q.  kj 

Method 

Copper. — 

Continued 

200 

259.5  I 

CuO  +  HCl: 

A- 

100 

257.6 

dil. 

.50 

2.54.6 

dil. 

30 

250.9 

dil. 

20 

247.5 

dil. 

10 

240.6  j 

dil. 

c 

816.2 

400 

93 

Ba(C10i)i  4- 

CuSC>4 

e 

672 

230iin 

550 

439 

CuCli  •  HCl 

c 

1909 

138HCI 

c 

103 

N;  A 

c 

134 

34.53" 

4  00 

100 

168 

Cu*SO«  4- 

BaBrj?  A 

c 

1319 

—  6 

c 

1532 

136RBr 

c 

66 

CuSO«  •+■  KI; 

A 

c 

13 

+  NH, 
analogy 

aq. 

38 

ions 

c 

48.6 

Cu  +  S 

c 

Tr.;  3.8,7,- 

c 

79.4 

Cu  +  S 

c 

748.0 

4 

800 

814.6 

dil. 

200 

814.4 

CuCIs  + 
H1SO4;  A 

100 

814.1 

dil. 

60 

813.9 

dil. 

C 

1061.6 

39  l18 
‘5J,A800 

c 

1281 

+  HjO;*  A 

c 

2257 . 1 

-»Cr4 

c 

726 

88 

aq. 

1071 

ions 

c 

2523 

-20.5'® 

400 

c 

92o 

+  CuO*;  A 

c 

1581 

201hjSO. 

ppt. 

2o 

CmCsH  lOj)* 

+  HjSc 

c 

Tr  •  4  7* 10 
tr..  4  *(II) 

c 

31 

+  Br 

400 

538 

+  KOH 

c 

1980 

-  11.1 

c 

17 

+  Br 

c 

-  238 

dissoc. 

c 

303 

43. 8* 

380 

200 

346 .  s 

Ba(NO,)j  4- 

CuSOc  A 

100 

346.7 

dil. 

50 

347  2 

dil. 

20 

347.4 

dil. 

15 

346.6 

dil 

12 

345.4 

dil. 

10 

1  343  5 

dil. 

c 

1216 

- 10** 

c 

2108  4 

-44.8” 

400 

c 

1711 

142h.NO. 

400 

329 

CuS04  + 

NH.;  A 

500 

501 

CuSO. + 

1 

NH.;  A 

Lit 


(SI,  91,  7  S  9.  | 
S79,  976 
,51,  849, | 

976) 


(SI  2, |  900, 
976) 

(976) 

(103, 

(7  59) 

(103) 

(21 5,4  976) 
(9  0  1,0  97  6) 
{511,  876, 
976  ) 

(901) 

(901) 

(91  ,  2  15,* 
976) 


(976, 1027) 
(45.5) 

(4,*  60,  830,* 
1027) 

(360.5,  458, 

8  1  0,o  910, 
976,  1  058*) 

(51,  976) 

(976) 

(976) 

(320,*  458, 

9  1  0,  920, 
976) 

(781 ♦) 

(320,  360.5, 
429,*  458, 
630,*  810, 
909,  976) 
(844  ) 


(976) 

(850*) 

(902) 

(350, 

(45.8) 

(350) 

(696) 

(696) 

(351) 

(1113) 

(482) 

,416,  976) 

(SI,  432,  976) 


(902,  976  , 

(902) 

(824) 

(224) 


18S 
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Fortnula 

State 

Q.  kj  I 

Method 

Lit 

Copper. — 

( Continued ) 

Cu.8NH»r*  . | 

GOO 

007 

CuSO.  + 

(224) 

NHj;  & 

Cu.l2NHi)  '  *  . 

900 

995 

C11SO4  4* 

(224) 

NHi;  & 

CuO.28.NHi 

3000 

245.2 

Cu(OHh  + 

(224) 

NH);  & 

1500 

245 . 1 

dil. 

500 

244.7 

dil. 

CuCl.NHj 

C 

251 . 1 

dissoc.* 

(1  96,*  6  50*) 

CuCh.2NHj 

c 

493 

33.3hCK  & 

(224,  1080*) 

CuCh.2NH.iCl 

c 

827 

20!3 

560 

(224) 

CuCh.2NH3.JH2O  . 

c 

561 

H12NH3 

(224) 

CuCh.oNHi . 1 

c 

793 

dissoc.* 

(1  0  8  0*) 

CuCh.2NH1Cl.2H2O.  .  . 

c 

1393 

-26 

(224) 

CuC1.3NH3  . 

428 

dissoc.* 

(1  96,*  650*) 

CuCh  3$  NII3 

632 

—  23nh3 

(224,  335*) 

CuCh.4NH3 . 

aq. 

660 

mix. 

(224) 

CuCh.4NHj.2HsG 

0 

1293 

—  522nh3 

(224) 

CuCh.oNH3.JH2O 

c 

929 

-39 

(224) 

CuCh.5NHj.HHjO . 

c 

1217 

-40 

(224) 

CuCB.GNHs  . 

aq. 

832 

mix. 

(224) 

C11CI2  IONH3 

182 

dissoc.* 

(1  080*) 

2CuC1.3NH>  .  . 

c 

601 

dissoc.* 

(1  96,*  650) 

CuBr.NIl, . 

c 

210 

dissoc.* 

(196*) 

CuBr;.2NH> . 

c 

402 

20HCK20; 

(1  080*) 

CuBr.3NHj . 

c 

389 

dissoc.* 

(1  96,*  650) 

CuBr2.3$NH3 . 

c 

550 

dissoc.* 

(1  08  0*) 

CuBr2.5NH3 . 

c 

716 

dissoc.* 

(1  0  8  0*) 

CuBr2.10NHa . 

c 

1108 

dissoc.* 

(1  080*) 

2CuBr.3NH3 

c 

521 

dissoc.* 

(1  96,*  650  ; 

CuI.JNHj . 

c 

122 

dissoc.* 

(1  96*) 

Cul.NHj  . 

c 

176 

dissoc.* 

(1  96*) 

CuI.2NH.i  . 

c 

268 

dissoc.* 

(1  96,*  650  ^ 

CuI.3NH3 . 

c 

358 

dissoc.* 

(1 96,*  650) 

CuIs.2NHj . 

c 

277 

+  NHj* 

(1  080*) 

Cul2.3JNH3 . 

c 

420 

+  Br“ 

(1  080) 

CuIs.SNHj . 

c 

591 

dissoc.* 

(1  08  0*) 

CuIs.10NH» . 

c 

963 

dissoc.* 

(1  08  0*) 

CUSO4.NH3 . 

c 

891 

9227nh, 

(224) 

CuSOi.2NH3 . 

c 

1018 

4626NHj 

(224) 

CuS04.(NH4)2S04 . 

c 

1925 

41. 214 

(224) 

CuS04.(NH4)2S04.2H20.. 

c 

2493 

dissoc.* 

(261 *) 

CuS04.  (NH  4 )  2SO4.6H2O . . 

c 

3728 

-44.4 

(355,  458) 

CuS04.4NH:i 

1235 

—  7.624NH3;  & 
mix. 

(224,  335*) 
(224) 

aq. 

1215 

CUS04.4NH3. 1 .5H20 . 

c 

1682 

30NHa 

(224) 

CUS04.5NH3 . 

c 

1343 

dissoc.* 

(335*) 

CuS04.6NH»  (?) . 

c 

1346 

+  NHj 

(224) 

C11SO4.6N  H  3  .  . . 

aq. 

1386 

mix. 

(224) 

CUS04.8NH3 . 

aq. 

1551 

mix. 

(224) 

CUS04.12NH3. . . 

aq. 

c 

1879 

(224) 

(186) 

Cu3Sb . 

10 

+  Br2 

CuCOj . 

ppt. 

592 

C11SO4  4“ 

(58) 

k2co3 

Cu(CHOi)i . 

c 

751 

2.215 

600 

(55) 

aq. 

753 

N 

(55) 

Cu(CH0s)s.4H20 . 

c 

1930 

-33J2o 

(55) 

Cu(CsHjOj)s 

c 

898 

10^o 

(55) 

aq. 

908 

+  Ba(OH)t 

(976) 

Cu(C2H302)2.H20  . 

c 

1193 

0. 718 

400 

(55,  976) 

cud2.co.2H20 . 

c 

1000(?) 

CuCl  +  HC1 

(495) 

+  CO 

CufC-ILSOih . 

aq. 

1785 

Ba(C2H6SOO: 

(976, 

+  CuS04 

CuCN  . 

-  117 

Hg(CNh  + 
Cul 

(1007) 

CuONC . 

c 

-  99 

dissoc. 

(in3. 

CusSn . 

c 

33 

4-Br 

(181,  511) 

67 

+  Br 

(28,  1  8  1,  432, 
51  1) 

12 

+  Br 

(181,  186) 

Silver3 

Ag . 

C 

0 

Def. 

Agippt  by  Cu) 

ppt. 

4(?) 

+  Hg 

1  (14>) 

*  lor  heat  of  solution  of  various  silver  salts  of  organic  acids,  v.  (600,  889,; 
organic  atnminea  of  silver  (5el);  alloys  with  Cd  (913).  Ammines  with  AgBrOj, 
AgOlOj,  AgNOj,  AgMnOs  (337). 


Formula 

State 

Q .  kj  I 

Method 

Lit. 

Ag+ . 

Silver. — 

CO 

Continued ) 

-  104  |  AgNOj 

Ag»0 . 

C 

29.1 

dissoc.;*  &  1 

(1  1  ,  1  4  4,  1  46, 

Ags02 . 

C 

22.6 

+  HC104;  & 

581,*  641.1,* 
713,  976) 

(1  094) 

AgF . 

C 

203 . 8 

18. 010 

(4*>) 

AgF,red, . 

amorp. 

203.8 

1816 

(48!) 

400 

221.8 

+  HOI;  & 

(465,  793) 

AgF.H20  . 

c 

504 . 3 

3 . 610 

(481) 

AgF.2H20 . 

c 

800.4 

—  6'° 

(481) 

AgF.4H>0 . 

c 

1387.1 

-20. 613 

(464,  481  ) 

AgsF . 

c 

210.5 

11.5 

(465) 

AgF.HF . 

aq. 

546.6 

mix. 

(464  ) 

AgCl . 

ppt. 

126.6 

+  Hg;*  & 

(1  1  0,  230,  367, 

c 

128 

+  PbCl2* 

439,*  494,* 

594,  635,* 

760,*  1  065*) 
(239,*  552,* 

aq. 

68 

conductivity* 

572,*  594,* 
857,  1065*) 
(695*) 

AgsCl  (?) . 

c 

130 

+  KCN 

(470) 

AgClOj . 

C 

7 

-31.5 

(371) 

aq. 

-  24 

ions;  & 

(38*) 

AgC104 . 

c 

51.2 

9.1 

(258) 

aq. 

60.3 

+  HC1;  & 

(1 094) 

AgBr  . 

c 

99.8 

Ag  -f-  Br;  & 

(58,  573, | 

Aghi) . 

Agl(it) . 

ppt. 

62.5 

Tr.;  5.32$, 

Ag  +  I;  & 

584,*  594,* 

9  7  6,  1  0  3  6  1 
(45.2.  660, 

1  084) 

(230,  367, 

3AgI.III.7H20 . 

c 

2256 

-9 

439,*  442,* 

570,*  584, 
594,*  967, | 
968,  1  036) 
(100) 

Ag2S(i) . 

c 

Tr’ :  4-°hx) 

(451,  553, 

Ag2SjI) . 

c 

21 

AgNOj  + 

786*) 

(62,  362,* 

Ag2S04 . 

c 

695 

H,S;  & 

+  KOH;  & 

976) 

(146,  6  S  5,* 

aq. 

676 

+  KOH;  & 

976) 

(976) 

Ag2S20j  (?) . 

c 

(?) 

(369) 

Ag(SsOj)2+++ . 

aq. 

1159 

Na3Ag(S20j)2 

(369) 

Ag2S20e . 

aq. 

938 

ions 

Ag2S206.2H20 . 

c 

967 

—  43.43s 

400 

(976) 

AgSe . 

ppt. 

—  4.0 

AgCsHaCh  4* 

(350,  786*) 

AgjSem . 

c 

HsSe 

Tr.;  6.9$ 

(45.6) 

Ag2Seai) . 

c 

4 . 0 

+  Br. 

(350) 

Ag2Se04 .  .  . 

c 

401 

AgNO.  + 

I69*) 

AgNj . 

c 

-  277 

K2Se04 

dissoc. 

(1113) 

AgN02 . 

c 

53 

-37 

(55,  71) 

aq. 

1  5 

ions 

(55.  71) 

AgNCh(l) . 

c 

Tr.;  2.4$ 

(284.) 

AgNOsan . 

c 

126 

-22.9i*0;& 

(795,  976 

AgN03 . 

400 

103.2 

4-HC1;  & 

(58,  1  24,  54  6,* 

Ag2N202 . 

C 

-  122 

X 

734,  783,* 
976) 

(169) 

Ag(NH3)t . 

aq. 

104 

AgC10«.2NH  j 

AgNQ3.NH  3 . 

c 

251 

dissoc.* 

(887) 

AgNOj. 2NHj . 

c 

358 

-37.9 

(1  54,  253, 

aq. 

320 

ions;  & 

337,*  554 , 

(1  54,  253, 

AgNOj. 3NHs . 

c 

444 

-43.7 

554,  561, 

626) 

(253,  337,* 

aq. 

401 

AgNOj  4- 

554,  560  , 
(2531 

Ag(NH.)#OH . 

aq. 

829 

NHj;  & 
AgjO  -f-  NHj 

1  (184) 

AgCl.NHs . 

c 

224 

dissoc.* 

(195, 

AgCl.l JNHj  . 

c 

271 

dissoc.*;  & 

^  1  9  3  5  *9 

THERMOCHEMISTRY:  31  TO  37 


IS!* 


Formula 


AgC1.3NHi 

AgC10,.2NHa 

AgCTO».3NHa 

AgBr.NHa 

AgBr.l  1  Nlli . 

AgBr.3NH» 

Agl.JNHi. 

Agl.NHt 

Agl.l  JNHa. 

AgI.2NH» 

AgI.3NHj 

AgjCj 

AgjCOi  .  •  ■  ■ 


AgjCiOi 
AgiCiH  iO. 
AgCaH  sOj 


AgsCs.AgCl 
2Ag?Cs.AgCl 
A  g  :('■.•  Agl 
AgaCi.2AgI 
AgjCs.AgiSOi 

2AgsCi.Ag»SO« 
AgCN . 

Ag(CN)~ 

Ag(CN)- . 

Agj(CN)j . 

AgONC . 

AgCNO 


Ag.'Cs.AgNOj 


AgaCaNaOa 


AgCN. NHa 
AgCtHiNHj  . . 

AgHsCiNjOi 

AgCl.CHiNHj. 
AgBr.CHiNHt 
Agl.CHiNHi 
AgCNS  . 


AgSbOCtH  <Oa 


AgiHg* 
Agl.Pbl, 
Agl.CuI 
Agl  .2CuI 


State 

V.  kj 

Method 

Lit. 

Silver. —  i  Continued  i 

C 

405 

dissoc.*;  A 

(1  95,  539  , 

c 

323 

-44.8 

(25J) 

2000 

277 

+  HC1 

(253, 

C 

406 

-46.8 

(253) 

3000 

359 

+  HC1 

(253) 

C 

190 

dissoc.* 

(195*) 

c 

234 

diflsoe.* 

(560*) 

c 

357 

dissoc.* 

(560*) 

c 

110 

dissoc.*;  <fc 

(1  95,*  560) 

c 

151 

dissoc.*;  <fc 

(1 95*) 

c 

189 

diaaoc.*;  & 

(195*) 

c 

226 

dissoc.*;  & 

(195*) 

c 

301 

dissoc.*;  & 

(195.) 

c 

-  351 

CjHi  + 
AgNOa.2NHa 

(153) 

c 

506 

AgNOa  + 
K*COs;  <fc 

(58) 

ppt. 

49o 

AgNOa + 
KjCOi;  A 

(58) 

c 

668 

K-CjOa  + 
AgNOa 

(58) 

c 

1047 

AgNOa  + 
KaC.HaO, 

(58) 

c 

406 

-18.4 

(55,  457,  600 
889  f) 

aq. 

388 

N 

(55) 

c 

-  210 

49 

(153) 

c 

547 

97 

(153) 

c 

-  215 

53n8ci 

(153) 

c 

-  282 

58  0 ifc. 

(153) 

c 

357 

CjHa  + 

AgaSOa 

(1S3) 

c 

57 

164HC1 

(153) 

c 

-  140 

AgNOa  + 
KCN;  A 

(1  1  3,  976, 
1011) 

aq. 

-  245 

KAg(CN), 

aq. 

-  403 

KjAg(CN)a 

(978) 

c 

-  209 

80.6hci;  & 

(626) 

c 

-  181 

dissoc. 

(1113 

c 

99 

AgNO,  + 
KCNO 

(626, 

aq. 

-  205 

AK2C1  -f* 
AgNOa;  & 

(153) 

c 

374 

NaaCaNaOa  + 
NH,  + 
AgNOa 

(626) 

c 

33 

dissoc.* 

(560*) 

aq. 

148 

Ag+  + 
CaHaNH; 

(561) 

c 

600.6 

AgNOa  4* 
NaHiCaNaO 

(626) 

c 

209 

dissoc.* 

(550*) 

c 

182 

dia8oc. 

(550.) 

c 

151 

dissoc. 

(550*) 

c 

-  88 

AgNOa  + 
HCNS 

(555) 

aq. 

-  177 

-89* 

(583) 

c 

1402 

AgNOa  + 
KSbOCc- 
HiO. 

(468) 

c 

3.0 

+  Hg 

(1  42,  649) 

c 

Tr  ;  -  10.7 

(45.2) 

c 

Tr.;  -  12.3 

(45.2) 

c 

Tr.;  -  36.3 

(45.2, 

Gold'1 


c 

0 

Def. 

AU(0) . 

^u(a)  ifrom  AuClj  +  80 j)  (  •  ) 

16(7) 

AuCla  4" 
HiSOa 

(876) 

c 

-  54 

NaaOt 

(712) 

AidOHU  . 

ppt. 

418 

+  HC1  aq. 

(976) 

AuCl  . 

c 

43 

+  HC1;  A 

(338,*  679,* 

787,*  976) 

AuCla  (7)  . 

c 

79 

+  HC1 

(798, 

•  AgCuCU.  heat  of  diiworiation  (7,0-s). 


Formula 

State*  | 

Q.  kj  | 

Method 

Lit 

Gold. — (Continued 

AuCla . 

C 

113 

+i8  b;*.  I 

(679,*  787, 

798,*  976) 

aq. 

132 

+  H  Br 

aq. 

316 

V-JHaPtCl.  [ 

AuCla.2HtO . 

c 

71 1 

-71ioo 

(978) 

AuHCU  . 

aq. 

316 

tuCl  aq 

(878) 

HCl 

AuHCU. 3HjO  . 

c 

1189 

-  14  9 

(978) 

AuHCU  4  H  tO 

1485 

—  24.4'* 

(978) 

c 

19 

+  HBr;  A 

(698,  976) 

AuRr-  (?) . 

c 

34 

+  HBr 

(798  ) 

c 

56 

-  15.7'* 

(338, •  698.* 

976) 

aq. 

41 

+HBr;  A- 

(978) 

aq. 

192 

N  = 

4 . 

JHiPtCli 

AuHBr< 

aq. 

192 

+  SO::  A 

(976) 

AuHBr,.5HaO . 

c 

1872 

-47.7'* 

1000 

(976) 

Aul 

c 

4 

4-  H aSOa;  <fc 

(976, 

AuCl.NHa . 

c 

192 

122kc*N(jo) 

(1078) 

c 

297 

dissoc.* 

(228.) 

AuCl  6NHa  . . 

c 

600 

97kcnuo) 

(1  078*) 

AuBr  NHa 

c 

155 

103kcN(7o) 

(1  07  8*) 

AuBr.2NHa . 

c 

256 

93KCNC0) 

(1 078*) 

c 

337 

dissoc.* 

(1  078*) 

c 

416 

dissoc.* 

(1  078*) 

c 

575 

dissoc.* 

(1 078*) 

Aul. NHa. .  . 

c 

105 

84kcN(7o) 

(1  078*) 

c 

190 

dissoc.* 

(1  078.) 

Aul  3NHa . 

c 

2S2 

dissoc.* 

(1  078*) 

c 

521 

dissoc.* 

(1  078.) 

•\ul  8NHa . 

c 

614 

dissoc.* 

(1  07  8*) 

Au(CN)  1" . 

aq. 

-  226 

KAu(CN). 

AuSn . 

Hg 

50 

Sn  +  Auiis 

(960) 

AuZn . 

Hg 

60 

Zn  4-  Auitg 

(960) 

AuCd . 

Hg 

40 

Cd  +  Auh, 

(960) 

AuHgioo . 

liq. 

8 

Au  +  Hg 

(960) 

Osmium 

Os  . 

C 

0 

Def. 

c 

391 

+  Oa 

( 1 0  2 1 , 

liq.« 

376 . 8 

— c*° 

(1021) 

gas 

334 

— *c* 

1  (1031*) 

Iridium 

Ir  . 

C 

0 

Def. 

IrOj  . 

c 

21 

dissoc.* 

(1064*) 

IrCls . 

c 

86 

dissoc.* 

(1059*) 

c 

170 

dissoc.* 

(1059*) 

IrCla  . 

c 

253 

dissoc.* 

(1059*) 

Platinum 

Pt  . 

C 

0 

Def. 

PtH  (?)  . 

c 

80 

Pt  +  Ha 

(1  1  S,  356) 

Pt(OH)*  . 

ppt. 

c 

367 

+  HCHO, 

(.76) 

PtCl  . 

7o 

dissoc.* 

(1060*) 

PtCU  . 

c 

15  0 

dissoc.* 

(1060*) 

PtCla  . 

c 

21o 

dissoc.* 

(1060*) 

PtCU  . 

c 

262 

104”  — 

(S  1  S,  1060*) 

aq. 

343 

+  HC1 

(6ti) 

PtCl"  . 

aq. 

511 

KiPtCl. 

PtCU  5H?0  . 

c 

1782 

—  7.7  400 

(••■) 

PtCl  -  . 

aq. 

693 

KaPtCla 

IlaPtCU 

aq. 

510 

N  -  HtPtCl. 

HjPtCU  . 

aq. 

693 

+  N0OH;  A 

(91S,  97#) 

H  PtCU  2HtO  . 

c 

1040 

OO.OhCI 

(618) 

HiPtCU  ftHiO 

2392 

18  2400 

(•«*) 

PtBr4 

c 

168 

4 1 1 ooo 

(818) 

aq. 

209 

4- Co;  A 

(618) 

PtBr“ 

aq 

*q. 

376 

KiPtBra 

PtBr- . 

483 

K.PtBr* 

HaPtBr. 

aq. 

483 

N  -  HiPtCl. 

HaPtBr*.9HaO . 

c 

3071 

-12.0 

|  t*'‘> 

Ptl4  . 

c 

7o 

3174*1 

(•••) 

Ptl“  . 

•  I  aq. 

218 

NaiPtla 

1  6 . 
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Form  ula 

State  1 

Q,  kj  1 

Method 

Lit. 

Platinum.- 

-( Continued ) 

Pt(NH2)- . 

aq. 

419 

PtfNHaRCh 

l*t(NH»)i(OH)i . 

aq. 

875 

N 

(976) 

(NH4)»PtCl4 . 

c 

aq. 

812 

111 

-35.2 

ions 

l976) 

I’tCl2.2NH2 . 

c 

500 

Ft  Cl  2  *+*  NH3; 
& 

(54°) 

PtCU.4NHs . 

c 

aq. 

766 

749 

analogy 

=  PtCh.- 
4NHs.H20 

PtCl2.4Nllj.lI20 . 

c 

1071 

-36.7 

C9  7  6  ) 

PtCh.oN'IL, 

PU2.2NIL  . 

c 

c 

855 

Q 

dissoc.* 

(343*) 

Pt  1 2.4  Nil  . 

c 

226  +  Q 

dissoc.* 

(343*) 

Ptli.dNHj  . 

c 

396  +  Q 

dissoc.* 

(343*) 

Pt(NIIj)4S(>4  . 

aq. 

1303.4 

N 

(976) 

AgjI’tCie 

c 

544 

H2PtCU  + 
AgNCh 

(815) 

AgaPt  Br« . 

c  407 

Ruthenium 

HoPtBre  + 
AgNOs 

(815) 

ltu . 

C 

0 

Def. 

KllCh . 

C 

220 

dissoc.* 

(852*) 

RuCh.  . 1 

c 

Pall 

263 

adium 

dissoc.* 

(852,*  1056*) 

Pd . 

c 

0 

Def. 

PdO . 

c 

90 

dissoc.* 

(1  054*) 

Pd2H . 

c 

74.2 

H2  +  Pd;  & 

(357,  445,* 
736*) 

Pd(0H)2 . 

ppt. 

384 

K2PdCl<  + 
KOH;  & 

(556,  976) 

Pd(OIl)4 . 

ppt. 

703 

K2PdCh  + 

(9  7  ® ) 

PdCh . 

c 

182 

KOH  +  KC1 

(556,  976) 

PdCl“ . 

aq. 

532 

KhPdCU 

PdCl^ . 

aq. 

707 

KjPdCl. 

H2PdCU . 

aq. 

531 

+  KOH 

(9  7  6  ) 

H2PdCh . 

aq. 

709 

N  =  H2PtCU 

Pd  lire . 

c 

117 

Pd  +  Br;  & 

(556) 

PdBr4- 

aq. 

367 

K2PdBr4 

1’d  I  ■ . 

c 

75 

Pdl2  +  H2O 

analogy 

PdI2.H20 . 

ppt. 

374 

KsPdCh  + 
KI;  & 

(556,  976) 

PdCh.2NHs . 

c 

441 

PdCh  + 
NHs;  & 

(540) 

PdCl2.4NII2 . 

c 

662 

+  HC1;  & 

(540) 

PdI2.2NHj . 

c 

309 

Pdl2  +  NH, 

(540) 

PdI2.4NHj . 

c 

509 

+  H1;  & 

(540) 

Pd(CN)2 . 

c 

Mar 

-  205 

Lganese" 

K2PdCU  + 
KCN;  & 

(556) 

Mn(«) . 

c 

Tr.;5.5^° 

(1069) 

Mn(0) . 

c 

0 

Def. 

Mn(from  amalgam) . 

amorp. 

—  15 

+  HC1 

(4  7  2  ) 

Mb** . 

aq. 

208 

MnCh 

Mb*** . 

aq. 

105 

MnBrs 

MnO . 

c 

38  o 

+  02 

(610) 

MnOa . 

c 

525 

dissoc.;  & 

(619) 

amorp. 

50  o 

NasOa 

(712) 

MnOzChydrated  ppt  ) . 

amorp. 

485 

KMnO.  + 
MnSOj;  & 

(9  7  6  ) 

MnjOa . 

c 

950 

+  02;  & 

(699) 

MnO- . 

aq. 

516 

KMnO. 

MnjO< . 

c 

1372 

Mn  +  0 

(619,  893) 

HMnOi . 

aq. 

510 

N  =  HC1 

(9  7  ®  ) 

Mn(OH)i . 

ppt. 

684 

MnSO.  + 
KOH;  & 

(976) 

Mn(OH)j . 

ppt. 

920 

MnFs  + 
NaOH 

(  7  9  3  ) 

MnF2 . 

aq. 

862 

AgF  +  MnCl 

(7  9  3  ) 

MnFi . 

aq. 

1090 

ions 

MnCh . 

c 

471.6 

67  0ll 

(976) 

400 

539 

dll. 

(936) 

100 

537 

Mn  4-  HC1 

(472, 976) 

•  MnClnconc.)  T  HChconc.)  T  Cl?(KRsi  —  MnCU.nHCl;  AQ  9.2  ("). 
MnCh.2H20,  NHiCI  1  solutions,  r.  (371 ).  Manganese  salt  ammines  (332>  335  V 


Formula 


MnCh.2H20. 
MnCh.4H20. 
MnBr2 . 


MnBrj  (?). 

Mnl2 . 

MnS . 


MnSOi. 


MnSOi.HrO .  . . 
MnS0j.5H20 . 
MnSOi.7H20 . . 

MnS2Oo . 

MnS20e,6H20 . 
MnSe . 


MnNi . 

Md(NOj)2. 


Mn(N0s)2.3H20 . 

Mn(NC>3)2.6H20 . 

MnCh.NHs . 

MnCh.2NH3 . 

MnCl2.2NH4C1.2H20.. 

MnCl2.6NHs . 

MaBr2.NHs . . 

MnBr2.2NHj . 

MnBr2.2NH4Br . ..... 

MnBr2.6NHi . 

MnS0i.(NH4)2SC>4.6H20 
Mn»(P04)2 . 


MnsC . . . 
MnCOj. 


MnC204 .  .  .  . 
Mn(CH02)2 


Mn(CH02)2.2H20 
Mn(C2H302)2 . 


Mn(C2H202)2.4H20. 
MnSiOs . 


MnBr2.2HgBr2 

MnBr2.HgBr2 

2MnBr2.HgBr2. 


State 

Q.  kj 

Method 

anganese.- 

c 

— ( Continued ) 

1076 

34.3300 

c 

1677 

64ioo 

c 

380 

67  (analogy) 

aq. 

447 

ions 

aq. 

456 

Mn  +  Br 

aq. 

320 

ions 

ppt. 

198 

MnS04  + 
Na2S;  <fe 

c 

250  (?) 

Mn  +  S 

c 

1034 

57-7\lo 

400 

1092.3 

H2S04  + 
MnCh;  & 

200 

1092.6 

dil. 

100 

1091.9 

dil. 

50 

1091.2 

dil. 

20 

1090. 1 

dil. 

C 

1345 

32'6^o 

c 

2523 

0.218 

400 

c 

3117 

dissoc.* 

400 

1355 

ions 

C 

3081 

0 
00  0 

CO 

l 

ppt. 

1 14  (?) 

MnSCh  + 
Na2Se 

c 

100 

+  Br2 

c 

-  386 

dissoc. 

c 

570 

53 . ii« 

300 

400 

624 

Ba(NOs)2  + 
MnSCh 

6 

615.6 

— >c 

3 

613 

analogy 

c 

1499 

— liq. 

c 

2367 

"25-7I.*o 

c 

608 

dissoc.* 

c 

733 

dissoc.* 

c 

1730 

-23.8 

c 

1125 

dissoc.* 

c 

518 

dissoc.* 

c 

649 

dissoc.* 

400 

700 

mix. 

c 

1072 

dissoc.* 

c 

4002 

-41 

coll. 

3081 

MnCh  + 
Na2HP04 

c 

3068 

MnCh  + 
Na2HP04;  & 

c 

52 

+  O2 

c 

891 

-+-O2 

ppt. 

872 

MnCh  + 
KsCCb;  & 

ppt. 

1086 

MnCh  + 
K2C2O4 

c 

1014 

aq. 

1033 

+  KOH 

c 

1617 

-  1224 

300 

c 

1142 

51** 

500 

aq. 

1194 

N 

c 

2331 

7*6 

600 

c 

1253 

222.LM%  HF) 

gls. 

1217 

MnCOs  + 
Si02 

8400 

773 

mix. 

4400 

616 

mix. 

4400 

1075 

mix. 

Lit. 


(458,  976) 
(976) 


(976) 

(21  9,  4  58,  97  6) 
(219) 

(976) 

(3S0) 

(350) 

(1113, 

(482) 

analogy 

(1105) 

(1105) 

(752) 

(976) 

(190*) 

(190*) 

(371) 

(1  90,*  332*) 
(190*) 

(190*) 

(1012) 

( 1  9  0,*  334*) 
(458) 

(129) 

(129,  568, 
569) 

(619,  893, 
997) 

(619,  1018) 
(58,  976) 

(55) 

(55) 

(55) 

(55) 

(976) 

(55) 

(976) 

(740) 

I  (61  9,  740, 
1019) 

(1012) 

I  (l012) 

(1012) 


1100“ 


c 

0 

Def. 

(at)"  '  • 

Tr.;  1.3$ 

(611,  774, 

05) . 

936, 1071) 

Tr.;  1.4$ 

(610,  611, 

774,  818) 

0  Fe2Oi;  heat  of  hydration  (717).  Reciprocal  heat  of  mixing  of  Fe2(S04)i 
solutions  with  Cu(NOj)2:  Zn(Ac).;  Zn(XOi)2;  MnCh;  Mn(Ac)2;  l*eS04;  M n S(  1 4 
(51,  69)  Heat  of  dissociation  of  ammines  of  FeBr2  and  Fel2;  Fe2(SC>4)j.l2N'H2; 
FeBrj.6NH»;  FeClj.6NH2;  FeS04.6NH,;  K2FeCU.6NH»;  heat  of  dissociation 

|  (335,  343) 


THEKMOC’HKM ISTHY:  37  TO  4  1 


lit 


Komi  ula 


Q,  kj  |  Method 


Lit 


Iron. — ( Continued ) 


Fc(«) 

4e*". 
Fe ' '  • 
FeO 


Fe,Oa  I'alehMd 1 

4  C,(  Inordinary) 
FeaOiifuaad) 


aq. 

aq. 

c 


amorp. 


4  eSa(pyrit«)  ■ 
4cS,(  luAtrv  lie) 
FeBO« 


FeSOi.H  ,0 
Fe80«.4H»O 
KcSO  4.711,0 

Fo?(SO«)i 


4’e,(S( ) « >  a.Ci  1 1  iSO« 
4'e8e 


FeTe 
FoNO- 
Fe(XO,)t 
Fe(  NOi)» 


87 

40 

268 


802 

798 

1113 


Tr.;  0.42J’  ” 

4’eCli 
FeCli 
+  H,;»  A 


+  NaiOj 

Tr  ■  41* 

■’  (i*alc.n'*d) 

Fe  +  O; A 


(69  7,  SIS,  819, 
1069 


(32  7,*  6  1  8, 

71  5,  893,* 

91  2,*  977, 
993*) 

(618,  61  9,  7  1  5, 
9  1  2,*  993*) 
6.8 

(34.5,  308, 
327,*  7  1  5, 
892) 


Fe*0<(i) 

c 

Tr  ■  0  4 740 
ir., 

(609,  1  04  1) 

FeiOmi). 

c 

rT* r  O  .i4  86 

ir.,  -■‘‘(Hi. 

(609) 

FcjO«  HI,  (magnetite*  ■  ■ 

c 

1117 

+  NajO, 

(715) 

Fe(OH), . 

ppt. 

568 . 6 

FeCI,  + 

(976, 

NaOH 

Fe(OH)»  . 

ppt. 

826 

FeCI,  + 

(793) 

NaOI4 

FeFj . 

1200 

741 

FeCli  +  AgF 

(793) 

FeF, 

150 

1015 

FeCI,  +  AgF; 

(740,  793) 

<fc 

1200 

1018 

FeCI,  +  AgF 

(793) 

FeCI, . 

c 

342 . 6 

74.9" 

(976, 

400 

417.5 

Fe  +  44  Cl 

8  6  9,  9  76) 

FeCl, .244,0 . 

C 

953 

36*® 

300 

(898) 

FeCI,. 414,0 . 

c 

1550 

11. 

(898) 

FeCli . 

c 

403 

133 

(624) 

1000 

536 

FeCI,  + 

(898,  976) 

HCIO;  & 

200 

532 

dil. 

(624) 

100 

528 

dil. 

50 

515 

dil. 

20 

430 

dil. 

(793, 

FeCI,.2.5H,0 . 

C 

1163 

88" 

898,  900) 

FeCI, .644,0 . 

c 

2229 

2421 

1 200 

(898,  900  ) 

Fe(ClOi), . 

600 

282 

Ba  (CIO,),  + 

(976) 

Fe?(S04)j 

FeCl,.2I4Cl . 

500 

864 . 4 

FeCI,  + 

(793,  976) 

HCIO;  & 

FeBr, . 

aq. 

326 

ions 

FeBr,  . 

1000 

398 

ions;  & 

(350) 

Fel. . 

aq. 

199 

ions 

Fel, . 

1000 

207 

ions 

FcS . 

c 

96.5 

Fe  4-  S;  <fc 

(553,*  662 

779) 

ppt. 

98 

fvso,  + 

60,  976) 

NatS 

fr  cS  (natural) 

c 

80 

+  Xa,0, 

(715) 

C 

400 

200 

c 


1200 

400 

300 

150 

50 

1200 


ppt. 

c 

aq 

aq 

800 

200 


149 
149 
909. 1 
970.7 
970 . 5 
1226. 1 
2109  4 
2992  7 


2685  8 

2685 

2684 

2682 

2661 

5302 


8o 

6o 

32 

40 

503 

663 

667 


Na*Oa; 

4*  NaiOt 

62-3«ito 

+  HCI 
+  41  Cl;  A 

81*5iie 
6  7i2o 
-18  '»0 


Fe,(SO.),  + 

BaCIi;  A 
dil. 
dil. 
dil. 
dil 

FeifSOr),  + 
HiSOi 
•  Hr 

FftSOi + 
Na,S 
+  Br 

FeNOSOs 

ions 

N 

dil. 


(577,*  71  S) 
(715) 

(417,  976) 
(976, 

(976, 

,417) 

(417) 

2  89,  4  1  7, 
458,  976) 
(69,  822  * 
961,  976) 
(51,  624,  976) 


(69) 


(350, 

(350) 

(351, 

(55) 


Formula 

State 

V.  kj 

Method 

lit. 

Iron. 

( Contin  uni 

Fe(XO,),. 944,0 . 

C 

3276  1 

—  38ii« 

(“) 

FeXOCl, 

aq. 

372 

FeCI:  +  NO; 

4  3  7,  661  ) 

FeClj.XH, 

c 

483 

dissoc.* 

(190) 

FeCl,.2XH, 

c 

614 

diesoe.* 

(19  0, 

FeClt.6NHi 

c 

1027 

dissoe.  • 

(331) 

FeNOS04 

aq. 

923 

FeSOr  +  XO 

,437, 661 

FeSO i,(NHi) *S<  > 4.0 H *0 

c 

3881 

1 1 

4  5  8  ) 

Fe  S( 1 :  N 1 1 .  SO  4.. 

1000 

1919 

mix. 

(51) 

XH.4’e(SO.),. 1214,0 

c 

5423 

-69 

(46.1) 

Fe,C 

c 

-  19.25 

+  CO,;«  A 

(691,*  89 

FeCO, 


Fei(C«C>4)4. 

Fe(CsHjO»)i 


Fe(CX)”~ 
Fe(CX)“  ... 
Fe.(Fe(CX)6), 

FeCO(CX)"- 

Fe,CO(CX  )S. 

HFe(CX)- 

H4'c(CX  )“- 

H,Fe(CX)- 

H,Fe(CX)“ 

HjFe(CN)«. 

H,Fe(CX)-. 

H4Fe(CN). 


(XH4)4F0(CX)6 . 

(NH4)4Fe(CN),.3HsO. 

]IsFeCO(CX)s . 

H,FeC0(CX)s.H,0. 
H4Fe(CN)6.(CiHs)jO. 
FejSi . 


FeSiOs . 

ZnFe(CX)4 


Co 

Co„ 


(II) 

'(!)•  ' 
Co++. 
CoO  . 


C04O4  . 
Co(OIl), 

Co(OH).. 


Co4t.  . 
CoCl, 


CoCl».2H.O 
CoCl,.6H,0. 
OoBri  . 

CoBn.OHjO 

Col, 

CoS . 

Co,S, 

C0SO4 


ppt. 

c 

100 

400 

1800 

600 

300 

aq. 

aq. 

ppt. 

aq. 

c 

aq. 

aq. 

aq. 

aq. 

aq. 

aq. 

C 

aq. 

aq. 

c 

aq. 


2553 

2552 

1495 

1500 

1501 

-  613 

-  510 
-1335 

-  181 

-  393 

-  614 

-  510 

-  617 

-  511 

-  620 

-  fill 

-  514 

-  512 

IS 

904 

-  181 

83 

-  80 
1107 

-  167 


Cobalt’ 


XasCOi  + 
4'eS04 
diaaoe.* 

+KOH;  it 
•  K<  HI;  A 
Ba(C:I!i< ),), 
+  FeiCSOr), 
dil. 

dil.;  A 
KjFe(CX)* 
K.4'e(CX), 

K,Fe(CN)o  + 

I  .  sc  ),;  A 
IviFeCOfCX), 
+  0, 

K,H  I'VqCX)* 
KjHFc(CX)6 
KH,Fe(CNT)t 
K»H,Fe(CX)6 
X 

KH»Fc(CX)6 

1  710  ;  * 
200 

H,Fe(CX)t  + 

Fr,;  & 


90S,*  997) 
(56) 

(618*) 

(624) 

(624) 

(51,  976) 

(51) 

(70) 


(70) 


-28" 
•>•7  I  9 
*■“3600 
+  0, 
255 
+  0,;  A 


)*i“i  1  - 

KOII 


C 

aq. 

c 

amorp. 

c 

ppt. 

ppt. 

aq. 

c 

400 

e 


aq. 

c 

aq. 

ppt. 

PPt 

800 

200 


69 

241 

210 

806 

537 

918 

723.2 
322.0 
399  2 
030 . 3 
2128.2 
230 
307 
2030 
179 
83 

167  (? 
942  0 
941* 


4’eCOj  + 
SiOi;  A 
KrFefCX),  + 
ZnSOi 


Dot. 

Tr.;  0.33jy*? 
CoCl, 

+0, 

+  XatOt 

+  Xad  >1 

C0SO4  + 

NaOH;  A 

Co(OII),  + 

XaOCl;  A 

CoCl,  +  AgF 

77. 217 
400 

Co  +  HCI 
41.2" 

400 

-11.9" 

400 


Co 


A 

Br, 

—  5.4 
ions;  A 

X  n  jS  +  CoSO, 
analogy 
+  HCI 
+  HCI 


(744) 


(553) 

(277) 

(70  ,  277,  555) 

(3)5) 

(555) 

(744) 

(744) 

(277) 

(258,  259, 
775,  997) 
(618,  619, 
1018) 

(555) 


(818,  I  069  , 

(322,  372,  71  2 

(712) 

(712) 

(976) 

(976) 

(793) 

(976) 

(1  91,  976  , 
(900) 

,976) 

(101  ) 

(101,  110  1 

(101, 

(018, 

(SSI,  976  1 

(976) 

(976) 


•  Col,  amminea,  heat  of  diaaoeiation  •  *•  ,,#).  CoCl,  (Nil,',,  brat  of  dil¬ 
ation  C*0).  CoSO.  amminea,  heat  of  diaaociation  (”*  CoSOstXH. 
6HjO,  heat  of  diaaociation  l1**). 
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INTERNATIONAL  CRITICAL  TABLES 


Formula 


|  State 


Q,  kj  |  Method  | Lit. 


Cobalt. — ( Continued ) 


CoSOi.THjO . 

CoSe . 

CoTe . 

Co(NOj)» . 

Co(N03)!.6HjO . 

(Co.5NH3.H20]+++ . 

(Co.5NH3.  N03]++ . 

(Co.5NH3.N03)(N03)3.  .  . 

(Co.5NH3  II20](N03)3.  .  . 


CoCh.NHs . 

CoCl3.2NH3(aro8e). 
(Co.5NH3.C1J++.  - .  . 


(Co.5NH3.C1)C13 


CoC12.6NH3  . 

[Co.5NH3.H30]C13 


CoBr2.NH3 
CoBr2.2NH3. 
(NHi)3CoBd  . 


[Co.5NH3.Br)++ .  . 
[Co.5NH3.Br]Br2 


CoBr3.6NH3 . 

[Co.5NH3.H30)Br3. 


CoCC3H5S04)2. 

)CoBr2.HgBr2. 
CoBrj.HgBrj.  . 
2CoBr2.HgBr2. 


Ni 

Ni 


(«)' 

(0) 


Nit+ 

NiO 


Ni(OH)2. 

Ni(OH)s. 


NiFt.  . 
NiCli 


NiCl2.2HjO . 

NiCh.eHsO . 

NiBrj . 

NiBrt.3Hrf) . 

•  For  other  ammines 
80ciation  t262L 


c 

2960 

-14. 919  ( 

800  V 

c 

56 

+  Br2  (. 

ppt. 

48 

Na2Se  +  ( 

C0SO4 

c 

48 

-fBr2  ( 

c 

436 

5O3O0  < 

3 

470 

— >C 

aq. 

486 

ions 

c 

2223 

~20S\lo 

aq. 

747 

[C0.5NH3.- 

H20](N03)3 

aq. 

667 

[Co.5NH3.- 

N03](N03)2 

c 

1146 

-62.4“ 

aq. 

1084 

-J-Na2S  = 
Co2S3  4~  etc. 

c 

1437 

-64.4“ 

aq. 

1372 

+  Na2S  = 
Co2S3  -J-  etc. 

c 

457 

dissoc.;*  & 

c 

581 

dissoc.* 

aq. 

613 

[Co.5NH3.C1] 

CU 

c 

996 

-52.0“ 

aq. 

943 

-|-Na2S  = 
Co2S3  4"  etc. 

c 

1000 

dissoc.* 

c 

1265 

—  27 . 026 

aq. 

1238 

-f  Na2S  = 
Co2S3  + 

c 

367 

dissoc.* 

c 

503 

dissoc.* 

aq. 

904.2 

CoBr2  + 
NHiBr 

aq. 

575 

[C0.5NH3.- 

Br]Br2 

c 

867 

-53.0“ 

aq. 

814 

+  Na2S  = 
Co2S3  4~  etc. 

c 

963 

dissoc.* 

c 

1145 

-38.6“ 

aq. 

1107 

4-Na2S  = 
Co2S3  4-  etc. 

aq. 

1872 

C0SO4  4~ 
Ba(C2H6S04)2 

.  1  4200 

316 

mix. 

4400 

475 

mix. 

4800 

791 

mix. 

Nickel® 

C 

0 

Def. 

.  c 

Tr.;  0.33“ 

.  I  aq. 

64 

NiCL 

c 

242 

Ni  +  O;*  & 

ppt. 

543.2 

NiSO.  + 
KOH;  & 

ppt. 

823 

Ni(OH)3  + 
NaOCl 

717.3 

NiCh  +  AgF 

c 

313.8 

80'2ioo 

800 

394 . 5 

dil. 

400 

394.1 

Ni  +  HC1 

200 

393 . 4 

dil. 

100 

392.5 

dil. 

50 

391.2 

dil. 

20 

386.7 

dil. 

c 

92.3 

4319 

400 

c 

2115.7 

-4.819 

400 

c 

223 

79;  & 

aq. 

303 

ions;  & 

.  .  I  c 

1160 

1 . 0 

(976) 


(183*) 

(183) 


(602) 

(602) 

(183,*  1  90,* 
332) 

(602) 

(602) 

(183*) 

(183*) 

(1012) 


(602) 

(602) 

(18  3,-)  334) 
(602) 

(602) 

(976) 

(1012) 

(1012) 

(1012) 


(610,  611,  818, 

1041,  1  045, 

1  069) 

(322,  71  2,  784, 
894,  993,* 
1055*) 

(976) 

(976) 

(740,  793) 
(976) 

(976) 

(976) 


(900) 

(976) 

(301) 

(301,  350) 
(301) 


(190,  333,  341).  NiS04(NH4)2SC>4.6H20,  heat  of  dis- 


Formula 

State 

Q,  kj  1 

Method 

Lit. 

Nickel. — ( Continued ) 

Nilj . I 

NiS . 

aq. 

ppt. 

175 

87 

ions 

NiSO*  + 

Na2S 

976) 

NiSOi  . 

400 

950.2 

NiCb  + 

976) 

H  jSOi 

MiSOi  7HiO  . 

c 

2971.8 

-W-SiJo 

(976) 

NiSjO. . 

aq. 

c 

1214 

2941 

ions 

— 1°.1**0 

(976) 

NiSe . ! 

c 

56 

+  Br 

(350) 

ppt. 

62 

NiSCh  + 

(350) 

Na2Se 

NiTe . 

c 

45 

+  Br 

(350) 

NiN6.H20 . 1 

c 

-  133 

dissoc. 

(1113) 

Ni(N03)s . ( 

c 

430 

0 

(482) 

400 

479 

ions 

Ni(N03)3.6H20 . 1 

c 

2227 . 5 

-31-3i?o 

(976) 

NiCh.NHs . 

c 

450 

74hci;  & 

(182) 

NiCl2.2NH3 . 

c 

575 

82hci;  & 

(182,  332)) 

NiCl3.6NH3 . 

c 

1041 

i85hci;  & 

(1  82,  332  |) 

NiBr2.NH3 . 

c 

356 

dissoc.* 

(1  90  t) 

NiBr2.2NH3 . 

c 

488 

dissoc.* 

( 1  9  0  f  ) 

c 

928 

dissoc.* 

(1  90,)  334  ), 

Ni3C  . 

c 

-  I60 

4-  (  >2 

(894) 

Ni(CN)2 . 

c 

-  97.3 

NiS04  + 

(1010,  10  11) 

KCN;  & 

Ni  (CN)“ . 

aq. 

-  338.4 

Iv2Ni(CN)4 

NiBr2.2HgBr2 . 

4200 

628 

mix. 

(1012) 

2NiBr2.HgBr2 . 

4400 

470 

mix. 

Tungsten® 

w  . 

C 

0 

Def. 

C 

0 

W  +  O2 

(645) 

wo2  . 

c 

528 

W03  +  H.* 

(307,  6 4  S  ) 

W03  . 

c 

801 

W  +  O2;  & 

^3  0  7,  645,  707 

730.5,  1  039) 

w2o5  . 

c 

1302 

+  H2O 

(645) 

H2W04  . 

c 

1172 

dissoc.* 

(530*) 

aq. 

1172 

Na2W04  + 

(820) 

HjSO* 

aq. 

1363 

H2W04  + 

(820) 

h20s 

W03  2H2O2  . 

aq. 

1514 

H2W04  + 

(820) 

II  '  ' 

W03  3H->02  . 

aq. 

2126 

H2W04  + 

(820) 

HtOt 

Uranium 

u . 

C 

0 

Def. 

U02 . 

C 

1074 

+  Na303 

(714) 

uoJ4-  . 

aq. 

1010 

UO2CI2 

UOs . 

c 

1214 

+  Na3Os 

(71<) 

UsOs . 

c 

3537 

4-Na202;  & 

(714) 

U03.)H30 . 

c 

1357 

dissoc.* 

(530*) 

U03.HjO . 

c 

1520 

62.  IhNOhioo) 

1  (421,  530) 

U03.liH30 . 

c 

1672 

dissoc.* 

(530*) 

U03.2H30 . 

c 

1820 

51  8hN03Ci»» 

(7,  421,  53  J  ) 

U04.2H20 . 

C 

1841 

HjOj  + 
UO2SO4 

(820) 

U02.C12 . 

aq. 

1340 

UOJ.2H2O  + 

l7) 

HC1;  & 

u02.cl2.H20 . 

c 

1600 

ZO.000 

(7) 

U02S04 . 

aq. 

1881 

U0j.2H30  + 

(7,  820  , 

H2S04;  & 

U02S04.3H20 . 

e 

2720 

21 1 8 

1000 

(7) 

U03(N03)2 . 

c 

1348 

79 12 

J220 

(421,  667 

aq. 

1427 

U0|  +  HNOi 

(421) 

* 

UOifNOslt.H.O . 

c 

1663 

49. 7J* 

220 

(421) 

U03(N03)i.2H20 . 

c 

1979 

21.1** 

220 

(42  1,  667) 

U02(N03)j.3Hj0 . 

.  I  c 

2278 

7 . 7 12 

220 

(7,  296,  42  V 

667  ) 

U02(N0j)..6H20 . 

.  I  c 

3167 

-22.81* 

220 

(«21> 

UC.2 . 

c 

121 

UOj  +  C 

(514) 

U02(C2H302l« . 

.1  aq. 

1994 

ions 

«  Hg  +  Cl-  +  W(CN 

—  =  HgCl  +  W  (CN) 

A Q  =  70.5  (loss*). 

THERMOCHEMISTRY.  41  TO  .'>1 


1 9? 


Formula  j  State  Q,  kj  I  Method _ I  -D 


Uranium. — ( Continued 


UOa(CjHiOj)a.2HjO 

c 

2585 

18!ooo 

(7> 

LTOj(CiHaO»)».- 

NH.CjH1O2.6HsO . 

c 

4353 

-16!Soo 

(7) 

UOaCrO. . 

aq. 

1862 

ions 

UOaCrOt.SIHaO 

c 

3463 

—  26’ * 

10OO  1 

(7) 

Vanadium” 

V . , 

c  1 

0 

Def.  | 

VO7 . 

aq. 

1066 

KVOa 

VO7 

aq. 

1006 

KVOt 

VO7 . 

aq. 

944 

KVOa  | 

VaOa  . 

C 

875 

+  NaaO. 

(714,  891, 

895) 

VjO. 

c 

1463 

+  NaaOa 

(714, 891) 

VaO, . 

c 

1712 

+  NaaO, 

(714) 

VaOs 

c 

183« 

-f-  N&tOt!  <!' 

(714, 891 ) 

VCla  . 

c 

616 

+0, 

(891) 

VCl.  . 

liq. 

783 

+  Oa 

(891) 

VC1.  . 

liq. 

678 

4-NaHOi 

(891) 

VOCla  . 

liq.  1 

842 

+  NaH0a  1 

(891) 

Tantalum 

Ta . 1 

C 

0 

Def 

TaaOi . 1 

c 

1256  1 

Ta  +  Oa 

(730.5) 

Chromium6 

Cra 

C 

0  1 

Def. 

Cr„ 

C 

Tr. ;  0.54  480 
« 

(611) 

ioi^r,  - 

(Cr.fiHaO)44* . 

aq 

256 

(Cr)Clj 

CrOi . . 

c 

569 

l03ll 

(250,  733, 

899) 

CrOjii„».d)  • .  •  •  ■  • 

c 

583 

-f-  NasOs 

(707,  7  1  6) 

CrO.  . 

80.0 

579.2 

N,  NaaCrO. 

(1  20,  899, 

976) 

49.0 

579.0 

an. 

(250,  733) 

25.2 

578.6 

an. 

10.1 

577 

ail. 

4.03 

574.4 

dil. 

3.32 

573.0 

dil. 

CrOJ  . 

aq. 

853 

NasCrOi 

CraOa  . 

c 

1119 

+  NaaOa 

(707, 716) 

amorp. 

1114 

-4-  NasOs 

(707,  716) 

hydrated 

1200 

4*  NajOt 

(707,  7  1  8) 

Cr.O  ~ . 

aq. 

1438 

KaCrtO; 

Cr,O70.. 

aq. 

2023 

K^CraOio 

HaCrO. . 

aq 

865 

—  CrOa  aq. 

(Crl(OH), . 

ppt. 

1029 

[CrClalCl  + 

(842) 

NaOH 

(CrOHl(OH)a(from 

ppt. 

1011 

+  HC1  = 

(842) 

(CrOHlCIa) 

[Cr|Cla 

(Cr(OH)alOH  . 

ppt. 

+  HC1;  AQ  - 

(842, 

42 

[Cr]F  j  violet )  . 

aq. 

1227.0 

4-NaOH 

(7  3  3  ) 

H.ICrlF. . 

aq. 

2177 

I1F  +  [Cr]F, 

(7»3) 

CrCla . 

c 

417 

78 

(842, 

aq. 

495 

+  Oa  - 

(842) 

[CrOHlCIa 

(CrJCU, violet)  ... 

aq. 

752 

(Cr](OH),  + 

(842) 

HC1 

(CrClj  ]C  1  troro 

aq. 

712 

KjCriO?  4 

(1  22,  9761 

HCl  +  KI: 

CrCla. 4H  at  > 

0 

1631 

8 

(842) 

CrCll  rnee)  (form*  it  gree 

iiolution) . 

c 

584 

128 

(842) 

CrCli.6HtO(fr«eo)  " 

(CrCl».4H«b)C1.2HaO 

c 

2429 

1  —  0.2|ao<to  greet 

(*41) 

Formula 

State 

Q.  kj  1 

Method 

Lit. 

c 

CrCla. ” 

iromium. 

-  ('out in  ueri 

Cr.6H  O  GU 

c 

2416 

50 .3  to  blue ‘ 

..i, 

CrCla.  10HaO  =  (Cr. 

4HaO.CDCla.6HaO . 

c 

357  4 

0 

(*'•) 

(Cr.4HaO.CDCl, . 

c 

1822 

35 

(81.) 

CrOtClt . 

ga a 

513  5  ! 

liq. 

(37) 

iiq. 

.549 

+  11,0 

S  7,  H  8,  119, 

724  , 

[  CrlCl  (OH ),( violet) . 

aq. 

921 

+  HC1* 

(199.) 

[CrlClaOH,  violet) . 

aq. 

834 

+  HC1* 

(1994) 

(CrOH]Cl2(fromCr(  Ms  +  02)- 

aq. 

7  46 

+  NaOH  - 
[CrOH] 
(OH), 

(8.2) 

[CrlBra(bluo) . 

aq. 

613 

+  NaOH 

(8.2) 

[CrBrslBrtjjreen) . 

aq. 

565 

+  NaOH 

t*41) 

(Cr.4HaO.Bra)  Br- 

2HsOigreon  i . 

c 

2279 

+  2 . 8,io 

,8*2) 

(Cr.6HaO)  Bra . 

c 

2270 

—00.0 

(*  4  2  ) 

[Crl,(SOi)jiviolct) . 

aq. 

3155 

[Cr|i<>H)i  + 
HaSOt 

,  69,  293,  9  7  6' 

[CraSOi),(SOi)a . 

aq. 

3135 

+  KOH 

(298, 

[Crs(S04)2]S0< . 

aq. 

3106 

+  KOH 

(295) 

Cr2(^04)a( modified  by  heat) 

=  [Cr*(S04)*].(OH)*  +  1 

HaSOt  (?) . 

aq. 

3076 

+  Nat  1 A 

(®  4  3  ) 

(Cr2(S04)a](green) . 

aq. 

30.59 

+  NaOH 

(8.J) 

Cr2(S04)s.l4H20^vioiet) 

-  (Cr.6H20)t(SO4)a.- 

2HaO . 

c 

7119 

42.3 

(918, 

(Cr.6HaO)a(SO«)a.3HaO. 

c 

7412 

34.7 

(918) 

CrstSCMa.lTHsO  v«olct)  = 

(Cr.6HaO)  a  (SOt)a.5HaO 

c 

7995 

26 

(8  4  3,  9  1  8  ) 

Cri(S04)3.6H20tKr«*en> 

c 

4718 

56 

(843,  91  8) 

HaCra(SO<). . 

aq. 

+  2NaOH; 

AQ  =  139 

( 3  4  2 ) 

H4Cr2(S04)5 . 

aq. 

+  4  NaOH; 

AQ  =  28o 

(8*2) 

H«Cr(SO.)« . 

aq. 

+  6Na()H  ; 

AQ  =  40o 

(«4*) 

(NHt)aCrOt . 

c 

1148 

-24,s 

700 

(899) 

aq. 

1120 

N;  A 

(1  1  9,  733) 

(NHi)aCraOa . 

c 

1758 

—  54 16 

550 

(1  1  9,  725, 

733) 

600 

1705 

N 

(1  1  9,  725, 
733) 

CrCla  3NHa . 

C 

719.2 

disaoc.* 

(3  4  3  * ) 

CrCla  6NHa . 

c 

996 . 0 

dioaoc.* 

(3  4  3  * ) 

CraCa . 

c 

544 

CraOa  +  C* 

(si*.. 

PbCrOt . 

c  913 

Molybdenum 

Pb(NOa),  + 
KaCrO. 

(*58) 

Mo . 

C 

0 

Def. 

MoOa . 

c 

55o 

Mo  +  HaO;* 
& 

(67,4  711) 

MoO, . 

c 

728 

Mo  +  Oa;  A 

(306,  71  1, 
730.8) 

MoOt  . 

aq. 

681 

MoOa  +  HsOj 

(728,  820, 
821) 

MoO" . 

aq. 

1020 

NaiMoOi 

(785,  820, 

'  8S1) 

MoOa  . 

aq. 

596 

MoOa  +  HaOi 

(788,  820, 

•  21) 

MoO^ . 

aq. 

1303 

KaMoO. 

(788,  820, 

•  21) 

HaMoO, . 

0 

1034 

disaoc.* 

1  (•»••) 

aq. 

1032 

HaSO.  + 
NaaMoO. 

t*,#> 

HiMoOt 

c 

1337 

diasoc. 

1  t»»0| 

24MoOa.2SiOa.4HaO 

0 

+  NaOH 

(297) 

.  NaOH  +  V.F.  (7»3).  VtO«.HiO  +  HaSO.  (4Jl). 

*  (Cr(NHj)tNO*) Br»;  (Cr(NH,).N0,)80.;  CrCl.flNH.;  CrCU.SNH.;  heat  of 
association  (343).  Chromium  probably  baa  the  coordination  number  of  6  in 
all  chromic  compounds  listed.  Where  the  coordination  number  i*  not  filled 
out  (shown  by  square  brackets)  the  missing  part  is  water  molecules.  In 
calculating  heat#  of  formation,  the  molecular  weight  taken  has  been  that 
shown  (t.e.,  Q  does  not  include  heat  of  formation  of  water  molecules  not  shown 


Boron 


B 

B07 

B0,“ 


amorp. 

»q 

aq. 


0 


729 

900 


Def. 

NsBOa;  A  <*4#> 
NniBO* 


194 


INTERNATIONAL  CRITICAL  TABLES 


Formula 


Q,  kj  |  Method  | 


Lit. 


Boron. — (O  ontinued ) 


BjO». 


Bit)” 

HjBOi. 


BFs 


bf;. 

HBFi 

BClj. 


BBr» 

(NHi)BOi.  .  . 

(NHi)«HBO». 
(NHi)sBOs  ■ 


c  (?) 
aq. 
aq. 


aq. 

gas 

aq. 

aq. 

aq. 

gas 

liq. 

liq. 

200 


1171 

1202 

2668 

1053 

1030 

1075 

1178 

1498 

1498 

373 

392 

179 

863 


(«) 


A1 

A1(S) . 

Al  +  +  + . 

A12Osi  corundum)  ■ 


Al(OH)s 

AlFa 

A1FT-. 


HaAlFe. . 

A1F3.5H20 . 

AlF3.32H20(8oluble)  -  • 
A1F3.3  2  H2O (insoluble)  • 

AlCla  . 


AICI3.6H2O. 
AlBrs . 


Alls 


AI2S3 . 

A12(SOi)3 


Al2(S0i)3.6H20.  . 

Al2(S0i)3.18H20. 

AICI3.SO2 . 

AICI3.5SO2 . 

AICI3.5H2S . 

AIN . 


A1F3.2NHiF.11H20.. 

AICI3.NH3 . 

A1CU.NH.C1 . 

A1CL.3NH3 . 

A1CL.5NH3 . 

AICI3.6NH3 . 

AICI3.NH1CI.6NH3 

AICI3.9NH3 . 

NHiA1(S0i)2.12H20. 

AUCs . 

A1  st ) 3, Si O 2;an<iiiUiHite).  - 
Al203.Si02(di.sthene)  •  • 
Aht  >3.Si02(ailliinanile)  • 


3AU03.2Si0><mullitc). 

AUTis . 

AlCU.JZnCU . 

AlCu . 

AlCus . 

AUCu  . 

AlCli.AgCl  . 

Al3Fe . 

AlCo  . 

AltCo . 


AlCls  in  liq.  COCI2  (44°). 


1320 

862.0 

300 

1241 

aq. 

1327 

Aluminum" 

C 

0 

c 

aq. 

529 

c 

167o 

amorp. 

1630 

ppt. 

1275 

c 

1377 

aq. 

1507 

aq. 

2474 

aq. 

2467.5 

c 

1571 

c 

2516 

c 

2518 

c 

698 

600 

1024 

c 

2686 

c 

530 

aq. 

887 

0 

298 

aq. 

671 

c 

1443 

C 

299  0 

aq. 

3699 

c 

5181 

c 

8816 

c 

1030 

c 

870 

c 

729 

1  c 

550 

c 

2894 . 8 

c 

904 

c 

1069 

c 

1183 

c 

1435 

c 

1527 

c 

1905 

c 

1764 

c 

5900 

c 

341 

.  c 

2311.8 

c 

2309 . 9 

c 

2321 . 4 

.  amorp. 

410o 

).  amorp. 

3955 

*  C 

6127 

‘  C 

218o 

C 

993 

C 

28o(? 

c 

lOo 

c 

39  0 

c 

834 

c 

105 

c 

134 

c 

360 

(44°). 

+  KOH 
=  H3BO3 
Na^BiO? 

—  22 . 6' 8 
400 

BCh  +  H2O 
102 

H3BO3  +  HF 
N  =  HC1 
H3BO3  +  HF 
B  +  CU 

gas 

350ioo 

N 

dil. 

N 

N 


Def. 

Tr.;  0.39680, 

AlCls 
-)-  Na202 
A1  +  O2;  & 


AlCls  + 
NHiOH 
analogy 
AlCls  +  HF 
K3  A1F  6 
AlFs  -p  HF 
107hF(20%) 
-6.915 
+  HF 
326 

A1  +  HC1 
5516 

450 

357  9 

3000 

+  NHiOH 

372?2oo 
+  KC1 
314 

dissoc.* 

d-BaCb 

234 

34 

312.4 

315.0 

315.0;‘00 

+  O2 

-35.7 

22816 

253  ^oo 
126. 815 

37-®ifo. 

29‘925C0’  & 

-11.5 

33.2;  & 

—  40u 

1000 

+  O2 

+  HF 

+  HF 

+  HF 

C  +  O2 

C  +  O2 

+  HF 

-+■  O2 

393 

+  Br2 

+  Br2 

+  Br2 

317 

155ohCKs) 

445hc1(8< 

2368hCI(s) 


(86,  88) 


(86,  88,  976) 

(496) 

(976) 

(74  0,  976) 
(84,  998) 

(84) 

(84) 

(50) 

(50) 

(50) 

I  (50) 


(610,  611) 

(716) 

(27,  1  43,  363, 
730.5) 

(32,  84,  976) 

(32) 

(794) 


(48.1,  794) 

(32) 

(32) 

(32) 

(31,  32,  84, 
900,  976) 

(1  88,  869, 
933,  976) 
(900) 

(84) 

(84,  88  1  ) 
(84) 

(84) 

(897) 

(1  058*) 

(31  8,  976) 
(359) 

(359) 

(32) 

(32) 

(32) 

(364,  365, 
682) 

(32) 

(32) 

(32) 

(32) 

(32) 

(32,  3  4  3  I*) 
(32) 

(32) 

(359) 

(143,  1  104) 
(756) 

(756) 

(756) 

(276) 

(275) 

(756) 

(1  038) 

(32) 

(879) 

(879) 

(879,  881) 
(32) 

(186) 

(186) 

(186) 


Formula 


State 


Q.  kj 


Method 


Lit. 


Yttrium 


Yt .  . . 

Yt*++ 

YtCU 


Yt2(SCU). . 

Yt2(SOi)  J.8H2O 

Yt(OH)j . 


c 

0 

Def. 

Q 

c 

306  +  Q 

1S9.9J»00 

aq. 

496  +  Q 

ions 

aq. 

2586  +  2 Q 

-f-  BaCli 

c 

4830  +  2 Q 

44 .720 

1200 

ppt. 

711  +  Q 

YtsCSOO*  + 

Ba(OII)2 

(677) 

(976) 

(976) 

(976) 


Lanthanum 


La . I 

c 

0 

Def. 

La+++ . 

aq. 

751 

LaCls 

LasOs . 

c 

1912 

La  4-  O2  (! 

La20a(  “uncondensed”)- 

amorp. 

I880 

analogy 

La203(hydrated) . 

amorp. 

2010 

^(HCliooV  &  *• 

c 

670 

+  HC1  ( 

La  Cl  . . 

c 

1116 

131!'oo  < 

aq. 

1247 

La203  +  HC1  ( 

LaS2 . 

c 

678 

133HC1  ( 

La2Ss . 

c 

1328 

300hC1  ( 

La2(.S04)3 . 

aq. 

4131 

+  BaCL  ( 

Ija2(S04)3.8H20 . 

c 

6403 

17g  ( 

2400  v 

LaAU . 

c 

9oo(?) 

+  O2  1  ( 

Praseodymium 

Pr . 

C 

0 

Def. 

Pr+++ . 

aq. 

650 

PrClj  ( 

PrO*  . 

c 

900 

180hNO3(s>  ( 

Pr2Oa . 

c 

1745 

Pr  +  02 

Pr«Ou . 

c 

5358 

1130HNO3t«) 

amorp. 

172o 

analogy 

PrCls . 

c 

1006 

14018 

2500 

aq. 

1146 

Pr203iamorp.)  1 

+  HC1 

PrCU.H20 . 

c 

1311 

121 17 

2000 

PrCL.7H20 . 

c 

3127 

2217 

2000 

Pr(NOa)2 . 

aq. 

1320 

Pr20s  +  HN03 

Samarium 

Sa . 

C 

0 

Def. 

Sa+++ . 

aq. 

Q 

Sa20s . 

c 

462  +  Q 

+  HC1 

Sa203(from  oxalate) 

amorp. 

462  +  Q 

+  HC1 

SaCU.  . 

c 

339  +  Q 

156600 

aq. 

495  +  Q 

ions 

SaCla.NHs . 

0 

471  +  Q 

dissoc.* 

SaCh.2NH3 . 

c 

586  +  Q 

dissoc.* 

SaCU.3NH3 . 

c 

695  +°Q 

dissoc.* 

SaClj.4NHj . 

c 

798  +  Q 

dissoc.* 

SaCls.5NH3  . 

c 

894  +  Q 

dissoc.* 

SaCl3.8NH3 . 

c 

1173  +  Q 

dissoc.* 

SaCU  9JNII3 . 

c 

1305  +  Q 

dissoc.* 

SaCis.lOJNIh . 

c 

1473  +  Q 

dissoc.* 

Neodymium 

Nd  . 

C 

0 

Def. 

Nd+++  . 

aq. 

686 

NdCU 

Nd2Oi . 

c 

1820 

Nd  +  02 

;  amorp. 

179o 

analogy 

NdCli . 

c 

1032 

149mm 

aq. 

1181 

NdtO)(amorp.) 

+  HCl 

Ndls . 

c 

650 

205*  J 

2000 

aq. 

855 

Nd?Os  4  HI 

Nd2S* . 

c 

1099 

+  HC1 

Nd2(SO»)i . 

c 

3848 

153  mo 

aq. 

4001 

h2so(  + 

NdjOi 

Nd2(S0,)3.5H20 . 

c 

5397 

35 

Nd;(S0«)3.8H20 . 

c 

6262 

28  <000 

NdCh.NHs . 

c 

1163 

dissoc.* 

NdCL.2NH. . 

c 

1279 

dissoc.* 

NdCladNHj . 

c 

1486 

dissoc.* 

NdCl2.5NHj . 

c 

1584 

dissoc.* 

NdCLSNHs . 

c 

1862 

dissoc.* 

NdCU.  IINH3 . 

c 

2118 

dissoc.* 

NdCl3.12NH5 . 

c 

2200 

dissoc.* 

730.5, 


752) 


976) 


(675) 

(675) 

(675) 

(67S) 

(689*) 

(689*) 

(689*) 

(689*) 

(689*) 

(689*) 

(689*) 

(689*) 


(751) 

(674) 

(674) 

(674) 

(678) 

(678) 

(678) 

(678,  976) 

(678) 

(678,  976) 
690*) 
(690*) 
(690*) 
(690*) 
(690*) 
(690*) 
(690r>l 
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Formula 

State 

<?.  kj 

Method 

Lit. 

Erbium" 

Cerium'1 

Cc . 

C 

0 

Dcf. 

CeO, . 

C 

983 

Ce  +  O, 

(520,  730.5, 

7  52) 

Ce  *  *  * . 

aq. 

69o 

CeCl. 

CeClj 

60 

1 178 

Ce  +  HCIm 

(ISM) 

600 

1  180 

analogy 

(I9t) 

Cet(S04)$ . 

aq. 

3318 

+  BaCl. 

(976) 

Ce,(SO«)..4i8H,0  . 

c 

67.5 

(976) 

CeAl. 

c 

10o 

2596hC1');  4 

(1  94,  751  ) 

CeaAl 

c 

92 

2496hcu«>:  A 

(194,  751) 

Beryllium 

Be . 1 

c 

0 

Dcf. 

Be++ . 

aq. 

354 

BeCI, 

licOdow  temp.)  .....  . 

C 

591 

Be  +  H  F 

(298,  299, 

687,  700) 

Bc(OH), . 

ppt. 

865 

+  HC1;  A 

(687,  740, 

794,  976) 

BcFj . 

aq. 

1007. o 

BeCI.  +  AgF 

(794) 

HtBeFt . 

aq. 

1643.0 

Be  +  HF 

(299) 

BeClt . 

C 

471 

Be  4"  CU 

(700) 

aq. 

685 

214 

(687,  824) 

HC1.9H.0 

656 

185 

(1  082) 

BeClt.4HtO  . 

c 

787 

dissoc.* 

(1  0  8  2*) 

BeBr* . 

c 

378 

233ncii»> 

(1  082) 

Bel. . 

c 

282 

262hcU»> 

(1  082) 

BeSOt . 

c 

1157 

144Ntt01t;*  & 

(596,  664, | 

665.5,  687) 

aq. 

1235 

+  BaCl. 

(687,  976) 

BeSOt.HtO . 

C 

146o 

+  HtO* 

(596) 

BeS0t.2Ht0 . 

c 

1715 

80i‘ooo 

(596,  687) 

BcS0..4H.0 . 

c 

2375 

4.6 

(596,  687, 

824,  976) 

Be(NOi)* . . 

aq. 

773 

BeSOt  + 

(687) 

Ba(NOj). 

BeC1..2NH  j . 

c 

982 

dissoc.* 

(1  082*) 

BeC1..4NHj . 

c 

1225 

120hc1(») 

(1  08  2*) 

BeClj.6NH3 . 

c 

1384 

dissoc.* 

(1  082*) 

BeC1.12NHi . 

c 

1849 

dissoc.* 

(1  082*) 

BeBrs.4NHs. . .  . 

c 

1162 

1 4 1  u  Cl  (® ) 

(1  082*) 

BoBri.6N  Ha .  . 

c 

1321 

dissoc.* 

(1  082*) 

BcBrilONHi . 

c 

1625 

dissoc.* 

(1  082*) 

BoIj.4NH» . 

c 

1085 

146nci(.) 

(1  082*) 

Bels.CNHj . 

c 

1257 

dissoc.* 

(1  082*) 

BeI..13NHi . 

c 

1807 

dissoc.* 

(1  082*) 

Magnesium 

Mg . 

C 

0 

Def. 

Mg7"1' . 

aq. 

461.2 

MgCli 

MgO(bomb) .  . 

amorp.  (?) 

610 

Mg  +  Oi;  A 

(31  S,  666,  67 

730.5,  877, 

1  028) 

Mg  (OH). . 

ppt. 

915 

MgSOt  + 

(976,  1089) 

NaO  H 

Mg(OH  )t(brucll«j . 

c 

935 

+  NajOj 

(717) 

MgFt  . 

ppt. 

1104 

MgCl.  + 

,  464,  465, 

AgF;  A 

793) 

MgCl.  . 

c 

641 

150  C, 

(1  57.5,  976) 

400 

791.5 

Mg  +  HC1 

(1  88,  858, 

869,  933, 

960,  976) 

200 

791 .0 

dil. 

(324,  976) 

100 

790.2 

dil. 

50 

789.0 

dil. 

20 

785.5 

dil. 

10 

775.5 

dil. 

MgC1.2H.O . 

C 

1278 

8S‘?„ 

200 

(900,  976) 

MgCljIH.O . 

c 

1894 

(900,  976) 

MgCl.OH.O . 

c 

2495.8 

12.3j;0:  4 

(522,  633, 

976) 

MgCU.MgO  . 

j  c 

1762 

61HCI 

(»>) 

MgCl..  MgO.OH  .O . 

c 

3379 

151hCI 

t") 

MrCI«.  MgO.  16H  .O 

c 

6310 

92hci 

(“> 

•  2Er(C>HiOt)i<ii*»>  +  3Ba(OH)t(«*i;  Ay*  -  107.5  (»7‘  Er(C:HiOt)t.4HtO 
+  15<HillrO;  At?”  -  5.7  (*7«). 

‘MischmetgU,  40%  CcOt,  heat  of  combustion  1  r  -  0  920  WJ  ( 7  * 1 


Formula  1  State  (J ,  kj _ I  Method 

Magnesium. —  (Continued 


MgOHCl 

MgBrt 

Mgh 

MgS 
MgSO» 
MgSOi.SHsO 
MgSOt. 6HtO 
MgSOt . 


MgSOt.HtO 

MgSOt.2HtO 
MgSOt. 4H:0 
MgSOt.6HtO 
MgSOt. 7H?0 


MgStOt . 

MgSjOt.6H:0 
Mg(HS), . 

MgtNt  ...... 

MgfNOtJt.. 


Mg(NOt)t.6HtO . 

(Mg(N’H»)t)++ . 

MgClt.NHa . 

MgClt.2NHi 

MgClt.6NH, . 

MgBrs.NHi . 

MgBrt.2NHt . 

MgBrj.BNH. . 

MgIi.2NH« . 

Mgli.ONHa . 

MgSOt.(NHt)tSOt.2HtO 
MgSOt  (Nil.  :S(  >.  f>H:( > 
3MgSOt.(NHt)iSOt.- 
..11  <  I 

3MgSO«.(NH«)iSOi.- 
18HtO . 

Mgt(POt)t 

MgHPOt  . 

Mg(NHi)P0,.fiH:0. 

MgHAsOt . 

MgHt(AsOt)t . 

Mgt(AsOt)t 

Mg(NHt)AsOt.6HtO. 

MgCO . 

MgCN, . 

Mg(CN). . 


804 

MgClt  + 

(72°* / 

HtO* 

C 

510 

181 u 

(41) 

UK) 

700 

ions 

c 

363 

208 

4  3  , 

aq. 

572 

ions;  & 

(976) 

c 

344 

159iin 

1  897  ) 

c 

998 

70-6jl\.| 

(501) 

c 

1922 

4  918 
*,vhci 

(503  ) 

c 

2809 

_  03  A  1  < 

- II  Cl 

(501, 

c 

1260 

85" 

too 

(1  57.5,  458, 

806,  810, 

400 

1344.8 

dil. 

665.5,  976) 

200 

1344.6 

MgSOt  + 

(976) 

BaClt 

100 

1344.3  1 

dil. 

(976) 

50 

1344.2 

dil. 

20 

1343.0 

dil. 

c 

1 676 

56" 

too 

(360,  806, 

976) 

c 

1871 .0 

46.2" 

too 

(976) 

c 

2471.7 

17.7  " 
too 

(976) 

c 

3062 . 2 

-O.o" 

too 

(976) 

c 

3364 . 1 

-lf>  2io‘o 

5  7.5,o  3  1  2,  | 

429,*  458, 

806,o  807, 

8  1  0,  880, 

8  9  0,  9  7  6) 

aq. 

1608 

MgSOt  + 

(976, 

BaSOt 

c 

3337 

-12.4" 

too 

(976) 

aq. 

491 

Mg(OH)j  + 

(976) 

HiS 

c 

495 

+  HC1;  A 

(680,  735) 

400 

876.8 

Ba(NOt)t  + 

(976) 

MgSOt 

200 

870 . 5 

dil. 

(324, 4  976) 

100 

870 . 5 

dil. 

50 

876.7 

dil. 

20 

876.7 

dil. 

15 

870.1 

dil. 

12 

875.0 

dil. 

c 

2011 

- 17.7" 
too 

(811,  976) 

aq. 

622 

Mg(NHi)iC): 

(128) 

c 

774 

dissoc.* 

(192*) 

c 

900 

dissor.* 

(192*) 

aq. 

953 

mix. 

l1,#) 

c 

1263 

dissoc.;*  A 

(1  92,*  222, 

332*) 

c 

655 

dissoc.* 

(192*, 

c 

785 

dissoc.* 

(192*) 

c 

1223 

dissoc.* 

(334*) 

c 

045 

dissoc.* 

(1  92,*  334*) 

c 

1110 

dissoc.* 

(1  92,*  334*1 

c 

3885 

+  4  HtO 

(262) 

c 

4254 

-41 

(456) 

c 

5757 

+  37.1hCU»»> 

(503) 

c 

9321 

—  93.2nCT(t») 

(*oi) 

coll. 

383o  (?) 

MgSOt  4- 

(llf> 

Na.POt 

coll. 

174o 

MgSOt  + 
NmtHPOt 

!  (»«•) 

c 

3773 

Mg(MI,)iOi 
+  NotHPOt 

,!*•) 

aq. 

1351 

N 

!  (2°j) 

aq. 

2263 

N 

203  , 

c 

3061 

N 

(!•») 

c 

3197 

Mg(NH»)iClt 

I  (**•) 

•  HsAjOo 

0 

1119 

MgSOt  + 

(SB,  661, 

1 004*1 

e 

248 

4-O1 

(4*7) 

aq. 

169 

Ba(CN )t  4- 

1*07) 
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Formula 


MgSiOj 

MgrSn 

MgZns , 


MgCdai) . 

MgCd(i) . 

MgHgi . 

MgBrj.HgBrs 

MgBr2.2HgBrj  . 

2MgBr2.HgBr2  . 

Mg(CNh.Hg(CN)2 . 

Mg(CN)2.2Hg(CN)2 . j 

MgCL.2HgtCN)j. . 
MgCh.2Hg(CN)2.6H20..| 
MgBr2.2Hg(CN)2.  . 
MgBr2.2Hg(CN)2.8H20 ... 
MgI2.2Hg(CN)2. . 
Mgl2.2Hg(CN)2.8HsO.  .  . 

MgtAls . 

MgCe . 

Mg3Ce . 


Ca.  .  . 
Ca++. 
CaO. 


CaOai)  . 
CaO  (iooo°)  • 


Ca02 . 

Ca02.8H20 . 
CaH  (?).... 
CaH2 . 


Ca(OH)2. 


Ca(0H)2.H202. 


CaF2 . 

CaCl . 

CaChlfused)  ■ 


CaCl2.H20.  . 
CaCl2.2H20. 

CaCl2.4H20. 

CaCl2.6H20. 


CaCUAHCl . 

CaCU.2CaO . 

CaCl2.3CaO . 

CaCl2.3CaO.3H2O 
CaCl2.3Ca0.16H20 . 

Ca(C10)j . 

CaOClt . 


c 

c 

lid. 

4400 

4200 

4800 

600 

900 

1000 

c 

1000 

c 

100 

e 

c 

c 

c 

I 

c 

aq. 

c 


amorp. 

c 

c 

c 

c 


ppt. 


400 

200 

100 

50 

20 

10 

6 

c 


Ca0Cl2.H20 . 


aq. 

c 


aq. 

c 

aq. 

c 


(*).  Cement,  "heat  of  burning”  <753). 


Q.  kj  1 

Method 

Lit. 

. — ( Continued ) 

1450 

VI  gO  +  SiOi  (375) 

205  1 

092  FeCU  +  1 
HC1(8) 

1  89  ) 

55 

+  HC1;  & 

1  88,  88  1, 

1  030) 

38 

+  HC1;  & 

1  88,  881  ) 

Tr.;  1.2136  7  * 

881) 

72.4 

+  HC1 

960) 

808 

mix. 

(i  01  2) 

1025 

mix. 

(1012) 

1576 

mix. 

(1012) 

-  50 

mix. 

(1012) 

-  316 

mix. 

(1012) 

248 

mix. 

(1 009) 

2008 

43>6 

(1 009) 

161 

mix. 

(1  009) 

2518 

66. 811 

(1009) 

53 

mix. 

(1  009) 

2426 

—  84 15 

(1009) 

205  I 

+  HC1;  & 

(1  88,  88  1  ) 

54 

1O9OhC1(20) 

(194) 

71  1 

ilcium'1 

1997hCU20) 

l194) 

0  I 

Def. 

542 

CaCh 

634.9  i 

194.4HCF  & 

(436,  61  7, 

976) 

Tr.;  1.2(4,'° 

(585,  608) 

635 

194 . 8hC1 

(67,  299,  436, 

617,  674) 

652 

79.2HCI 

(48,*  387) 

3007 

+  HC1 

(38?) 

80 

dissoc.* 

f721) 

192 

346HC1;  & 

(250,  479, 

589,  641.1,* 

721  ) 

988 

128HC1 

(32  1,  589, 

662,  976) 

999.2 

+  HC1;  & 

(67,  386,  479, 
719,  976) 

1217 

H2O2  4“ 
Ca(OH)2 

C387) 

1198 

N 

(464) 

409 

302HCl(mo) 

(46) 

798 

75'3400 

(32,  1  57.5,o 

31  6,  360.5, 

623,o  811, 

976) 

873 . 2 

dil. 

(324,  501.5,0 

873.0 

dil. 

976,  1  0  0  3  |-) 

873.0 

Ca  +  HC1;  & 

(1  88,  197, 

872.3 

dil. 

250,  299, 

871.8 

dil. 

479,  480, 

869.3 

dil. 

7  19) 

862.5 

dil. 

854 

CaCh.6H20 

(741) 

1110 

4Q  18 

4J300 

(900,  976) 

1395 

4218 

400 

(750,*  884, 

976) 

2010 

7-7\l0 

(750,*  884, 

976) 

2609 . 1 

(312,*  31  6, 

360.5,  522, 

750,*  811, 

884,  976) 
(SOlf) 

2115 

416nci 

(i°) 

2740 

6I611CI 

(10) 

3810 

409HC1;  dc 

(1  0,  966) 

7674 

265hG1 

(10) 

760 

ions 

748 

41.1 

(765) 

789 

+  H.O1;  & 

(535) 

1043 

31.5 

(535,  758, 

764,  765) 

tonite  (?)  heat  of  reversion 

1.16  cal  per  mo] 

Formula 


|  State  |  Q,  kj  1  Method 


I,it. 


CaBr2 


Calcium. —  ( Continued ) 
c  I  679 


CaBrr.GHrO  . 

CaBr2.3CaO.3H2O 
CaBr2.3Ca0.16H20 
CaU . 


CaR.SILO . 

CaI2.3CaO,16H20 
CaS . 


CaS03.2H20.... 
CaS04(anliydrite)  ■ 
CaSO^tsoluble)  - 


CaS04.IH20. 

CaS04.2H20. 


CaS2Oa . 


CaS20« . 

CaS206.4H20. 

Ca(.HS)2 . 

CaI2.4S02  ... 

CaSe . 

CaN« . 

CasN2 . 


Ca(N02)2.4H20 
Ca(NOsR . 


Ca(N03)2.2H20. 

Ca(N0s)2.3H20. 

Ca(N03)2.4H20. 


Ca(NH5)t . 

Ca(N0a)2.Ca(0H)2. 

CalNOs)2.Ca(OH)2.- 

2IH2O . 

CaCU.NHa . 

CaCl2.2NH3 . 

CaCl2.4NHs . 

CaCl2.8NH3 . 


CaBr2.NH3 . 

CaBr2.2NH3 . 

CaBrt.4  NHi . 

CaBrj.8NH» . 

Cali.NH, . 

CaI2.2NH3 . 

CaI2.6NH3 . 

Cal2.8NH3 . 

CaSO4.tNH4HSO4.H2O. 

2CaS04.(.NH4)2S04 . 

5CaS04.(NH4)2S0..H20 
Ca3(P04)2 . 


C11HPO4 . 

CaHPO4.2H20. 


CaHalPOala 
Ca3(.As04)2. . 


aq. 

c 


aq. 

c 

c 

c 

aq. 

c 


aq. 

c 


350 

230 

116 

33.5 

aq. 

c 

aq. 

c 

c 


400 

4 

c 

c 

c 


CaHAsOr 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


coll. 


ppt. 


ppt. 

ppt. 

ppt. 


102 


782 
2503 
3718 
7581 
538 

654 
2936 
7450 
475 
501 
1731 
1405 
1416.0 

1427 

1555 

1999.6 

1132 

1132.2 

1132.1 

1131.5 

1130.4 

1688.4 
2866 

575 
1876 
370 
-  317 
456 

1697 

943 

959 

961 

1540 

184o 

2134 

382.9 

1935 

2686 

914 

1023 

1201 

1550 


803 
920 
1299 
1473 
666 
792 
1209 
1371 
2877 . 4 
3991 
8570 
4110 

409  0 

1810 

2393 

3110 

332o 

1430 


-4.62° 

400 

4°9ifBr 

266.0*°Br 

1159ioo 


10ns 
7 . 320 
265HI 

HO.Ojj'ci 
N 
+  S 
22 
11.1 

N;  & 
15 


ions 

dil. 

dil. 

dil. 

dil. 

ions 

~33Klo 

N 

dissoc.* 

146HC1 

dissoc. 

1432HC1I  & 

+  Br2 
16-5i?o 

ions 

— *Ca(NOs)2.- 
4H2O 

dissoc.* 

dissoc.* 

~30-3\lo 


426HC1(200) 

141hNOj 


104hNOj 
dissoc.* 
dissoc.;*  & 
+  HC1;  & 
+  HC1;  & 

dissoc.* 

dissoc.* 

dissoc.* 

dissoc.* 

dissoc.* 

dissoc.* 

dissoc.* 

dissoc.* 

-9.0 

18.3 

9.7 

NajPCh  + 
CaCl 2;  <fc 
N 

N;  & 


(81  1,  976, 
1009) 

(976) 

(964) 

(966) 

(411,  811, 
976) 

(966) 

(966) 

(897) 

(796) 

(178) 

(396,  71  7) 
(396,  523, 
717) 

(976) 

(266,  396, 
523*) 

(30,  603.5, 
976) 

(178) 


NatHPOi  -f 
CaClt 
N 
N 

N 


(976) 

(976) 

(342*) 

(350) 

(1113) 

(478,  479, 

735) 

(133) 

(55,  360.5, 
811,  976) 
(324, f  890  f) 
(732,  8  1  3) 

(631*) 

(631*) 

(55,  360.5, 
811,  976) 
(480) 

(1  044) 

(1044) 

(527*) 

I  (527,*  539) 
(527,*  539) 
(334,*  527,* 
539) 

(527,*  539) 
(527,*  539) 
(527,*  539) 
(527,*  539) 
(527,*  539) 
(527,*  539) 
(527,*  539) 
(527,*  539) 
(30) 

(30) 

(30) 

(86,  88,  1  29, 
569) 

(86,  88,  1  29, 
569) 

(86,  88,  129, 
569) 

(86,  88,  1  29, 
569) 


(86,  88,  129, 
20  1,  569  ) 

(201  ) 
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Formula 

State  | 

Q.  kj 

Method 

Lit. 

Calcium.- 

(Continued) 

CaHUAsOOi . 

ppt. 

234o 

N  | 

201) 

CaCi . 

c 

61 

254.  Oho 

379,  427, 

CaCO. . 

coll. 

1205 

CaClj  -+■  j 

595,  894.5) 
61) 

c 

1209 

NajCOj 
CaClj  + 

(25,  58,  61, 

CaCOsiariuconite ) . 

c 

1207 

KjCOi;  4 

+  HC1;  4 

563,*  564, 

61  7,  976, 
1075*) 

2  3,  25,  61  2, 
617) 

CaCtC>4  . 

ppt. 

1395 

K«CtO« 

(»«) 

Ca(CHO»)j . 

c 

1368 

CaCls 

2  8iSo 

(*•) 

400 

1371 

ions:  A 

(55) 

CaC«H<0« . 

c 

1795 

N 

(55) 

aq. 

1789 

N 

(5«) 

Ca(CiHaOi)t 

c 

1498 

2^0 

(55,  359) 

aq. 

1527 

ions;  A 

(ss) 

Ca(CiHiOj)t  HjO . 

c 

1789 

24 Woo 

(55) 

Ca(CtHaO)i . 

c 

947 

168HC1(110)  ! 

(415) 

Ca(CjHsO)».2CjIIiOH 

c 

1534 

154hcI(110) 

(415) 

3Ca0.4C?Il»OH . 

c 

3245 

389  HC1 

(380) 

CaCNj . 

c 

356 

+  Oi;  4 

(3  1  9,  427, 

Ca(CN)i . 

aq. 

253 

N 

576,  595, 
603,  973) 
(555) 

3CaO.Ca(CN)i.l5HiO . . 

c 

6729 

393HCl 

1  555) 

CaSi . 

c 

37o 

+o, 

(1  057) 

CaSii . 

c 

94  o 

+0« 

(1057) 

CaSiO. . 

gls. 

157o 

CaCOa  4" 

,275,  2  7  6, 

CaiSi04 . 

gls. 

181o 

SiOs 

CaCO, + 

618,  619) 

(2  7  5,  2  7  6) 

CaSnt . 

c 

180 

SiO, 

1180FeCIj  + 

(189) 

CaZn« . 

c 

123 

HCI  (8^ 

919HC1  (to) 

(1  97,  881  ) 

CaZnio  . 

c 

201 

1594hci  imi) 

(197,  881  ) 

C&sZnj . 

c 

17o 

919hCI  <so> 

(197) 

CaCdj  . 

c 

126 

668hcI  iso) 

(197) 

CaBrj.HgBrt . 

4400 

950 

mix. 

(1012) 

CaBn.2HgBrs . 

8400 

1107 

mix. 

(1012) 

Ca(CN)i.Hg(CN)i . 

900 

33.0 

mix. 

(1009) 

Ca(CN)i.2Hg(CN)i . 

900 

-  233 

mix. 

CaCl;.2Hg(CN)i . 

1000 

330 

mix. 

( l 009) 

CaCli.2Hg(CN)i.6HiO. 

c 

2108 

-61.1'* 

(1009) 

CaBr,.2Hg(CN)i . 

1000 

242 

mix. 

(  1  009) 

CaBn.2Hg(CN)i.7HiO.  . 

c 

2328 

—  82.9“ 

(1009) 

Cal  j.2Hg(CN)i . 

1000 

132 

mix. 

(1009) 

CaIi.2Hg(CN)i.6HiO . 

c 

1943 

-94 

Ca(Ag(CN)i)i . 

500 

31 

Ca(CN),  + 

(1011) 

CaAgCiN* . 

1000 

287 

AgCN 
Ca(CN),  4- 

(1011) 

CiiiFelCN). . 

aq. 

578 

AgCN 

N 

(555) 

CaiFe(CN)..12H:0, 

c 

4031 

-  19“ 

CaHtFe(CN). . 

aq. 

34 

N 

(*55) 

CaO.BtOs . 

c 

1936 

94hC1 

(462, 

CaO.iBiO, . 

C 

3145 

87  HCI 

2Ca0.B,0. . 

C 

2646 

213HCI 

3CaO.BtOi . 

C 

3339 

348  811C1 

CaAla  . 

C 

213 

1900ji<  *: 

(197) 

PaO  AlyOf . 

23oo 

CaCO, + 

(275,  276) 

oc'an  ai.o. . 

glfl. 

gls. 

29oo 

AliOi 
CaCOi  4- 

(275,  276  ) 

jr,in  AUOt . 

35oo 

A1,0, 
CaCO, + 

(275,  276) 

3CaClj.4AlClj . 

c 

5264 

Al.O, 

1451 

(“) 

CaO.AltOi.- 

6SlOtO>«ulaodit«) . 

c 

327o 

1197iif  (» 

(740) 

3CaO.AltOi.2SiO> . 

0 

622o 

CaCO, + 

(176) 

C.uMgi  . 

c 

180 

A1?0,  +  SiO, 
3350  HCI  (a) 

(1  88  ,  681  ) 

CaCli.2MgCli.2H  :0 

c 

2934 

93“ 

(821) 

McGOa-CftCOivdolomiu. 

c 

2239 

132.1  HO 

(14,  701  ) 

Formula  Stat**  Q.  kj  M«  tlu»d 

Strontium0 


Sr 

c 

0 

I)ef 

Sr**  . 

aq. 

545 

SrCli 

SrO . 

c 

589 

1255noo 

67,  400,  401, 

404, 976) 

SrOi  . 

641 

93.0!.*. 

J.S) 

643 

739 14 

«•) 

Sr  Hi . 

c 

176 

388  II  Cl  „> 

(4.0) 

Sr(OH)i . 

c 

957 

43.2'*;  4 

1 100 

67,  404,  976) 

aq. 

1001 

+  HCI 

67,  385,  976) 

Sr(OH)i.HiO  . 

c 

1264 

220noo 

(j.i, 

Sr(OH)i.8H.O . 

c 

3350 

—  59.7[j0(J 

67, 976, 404) 

c 

3301 

7.3{‘  .  „ 

(JS5) 

SrFj 

ppt. 

1209 

AgF  SrCl  2; 

(464,  793) 

A 

SrCl  . 

c 

446 

^ifcuwi  : 

(««, 

SrCl*  . 

c 

828.0 

4fi7!o8o 

(3J,  46, 

(see  also  p.  161) 

157.5,°  360.5. 

623,o  610, 

976) 

2000 

875.22 

dil. 

(324,  325,  653, 

1000 

875.12, 

dil. 

827) 

500 

874.78 

dil. 

200 

874.7 

Sr  +  HCI;  4 

(480,  483, 

976) 

100 

874.61 

dil. 

50 

874 . 57 

dil. 

SrCU  2H-0  . 

C 

1438.4 

8  7\lo 

(900) 

SrCl  7  4H?Q 

c 

2031.6 

—  12. 1 1 8 

(1  3,*  429,* 

81  0,  976) 

aSrCB6H->0  . 

c 

2623 . 2 

— 11  419 

(55,  1  57.5, 

360.5,  976) 

SrCl,  SrO  H->0 

1828 

164  5?, -C|  (100> 

('■) 

SrClj  Sr0.9H20 . 

c 

4211 

7°°iiciooo, 

(>*) 

SrBn . 

c 

716 

67i2o 

(360.5,  966, 

aq. 

784 

ions 

976) 

SrBrj.HiO . 

c 

1029 

4118 

400 

(976) 

SrRr?  2H*»0  . 

c 

1330 

2618 

400 

018 

400 

—  27  018 

*#,U400 

(97S) 

SrRr?  4HoO  . 

c 

1928 

(976) 

SrBn.6HiO  . 

c 

2528 

i  360. S,  976) 

SrBn.SrO.3HiO 

c 

2313 

16lHBr 

(966) 

SrBn.SrO.9HsO . 

c 

4122 

68.8?°Br 

(966) 

Sri-  . 

c 

570 

85. 6** 

(966) 

aq. 

656 

ions 

SrO  7H20  . 

c 

2678 

-18.7“ 

(966) 

c 

473 

1 1 3HC1 

(.97) 

aq. 

503 

N;  4 

(976) 

SrSO«  . 

c 

1428 

O;  4 

(30,  976) 

aq. 

1428 

N;  4 

(55,  279,  976) 

SrSjO* . 

aq. 

1693 

ions 

(976) 

SrStO«  411:0 . 

c 

2876 

-38-7«o 

(976) 

Sr(HS)i . 

aq. 

577 

N 

(976) 

SrIi.2SOi . 

c 

1129 

diasoc.* 

(J62.) 

SrIi.4SOi . 

c 

1912 

diseoo.* 

(342.) 

SrSe . 

c 

377 

141|ICT 

(36°) 

aq. 

427 

N 

(36  0) 

SrN. . 

e 

-  205 

diasoc. 

(.113) 

SnNi . 

c 

.186 

1513 . 5iin 

(460) 

Sr(NO)i . 

aq 

528 

N:  4 

Sr(NO) •»  311  *0 . 

c 

1984 

26  Sun 

(**) 

Sr(NO,)*  . 

c 

981 

(66,  360.6, 

(arc  also  p.  162) 

610,0  076) 

1000 

961.8 

dil. 

400 

962 . 1 

ions;  A 

200 

963.2 

dil. 

(627,0  676) 

100 

96.1  8 

dU. 

50 

967  9 

dil. 

20 

973 . 2 

dil 

8r(N0i)i.4H,0 . 

C 

2158 

-51.5“, 

1  (66,  360.6, 

•  10,  6  7  6) 

Sr(NHi). . 

t 

346 

4Whct.«. 

|  («•> 

Sr(NHi). . 

.  |  e 

516 

•  SrCli  +  HCI.  partial  heat  content  .■(  )u" 
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Formula 


SrClj.NHa  . 

SrClj.8NH»  .  .... 
SrBrj.NHa 

SrBra.2NH» . 

Frlira.SNIIj 

Srli.NHi  . 

Srl2.2NH3 . 

8rl2.6NH3  ■ 

8rl2.8NH3 . 

SrSO<.(N  H  3)280* 

Sn(P04)2 . 

SrllPO*  (?) . 

SrHsfPOth  C?) 
SnCAsOOa . . . 

SrHAsO*  . 

SrH4As002  (?) 
SrCCL . 


SrCaCB^JHaO. 

Sr(CH02)2. 


Sr (CH02)2. 2H2O . 
Sr(C2H  302)2 . 


SrCCaHjOaB.JHaO 

Sr(CN)2 . 

Sr(CN)2.4H20.  .  . 

SrSiOj . 

SrHglcD) . 


SrBr2.HgBr2 . 

SrBr2.2HgBr2 . 

2SrBr2  HgBn . 

Sr(CN)2.Hg(CN)2  .. 
Sr(CN)2.2Hg(CN)2.... 

SrCh.2Hg(CN)2 . 

SrCl2.2Hg(CN)2.6H20. 

SrBr2.2Hg(CN)2 . 

SrBr2.2Hg(CN )2.6H20 .  . 

SrIs.2Hg(CN)i . 

Srl2.2Hg(CN)2.7H20  . 
Sr(Ag(CN)2>2 . 


SrAg(CN)s . 

Sr3(FeCO(CN)6)2. 


Sr3(FeCO(CN)6)2.4H..O. 
SrNi(CN)» . 


3SrCl»,4  AICI3 


Ba 

Ba++. 

BaO 

Ba02 


BaOa.HaO  . . 
BaOa.IOHaO 

BaaO  . 

BaHa  . 

Ba(OH)}. 


Ba(OH)2.H20 

Ba(0H)2.8H20 


BaOa.HaOa 
BaFa . 


State  | 

Q,  kj  1 

Method 

Lit. 

Strontium.- 

—  (Continued) 

c 

915 

dissoc.* 

(528*) 

c 

1571 

dissoc.* 

(528*) 

c 

830 

dissoc.* 

(528*) 

C 

929 

dissoc.* 

(528*) 

c 

1479 

dissoc.* 

(528*) 

c 

692 

dissoc.* 

(528*) 

c 

803 

dissoc.* 

(528*) 

c 

1197 

dissoc.* 

(528*) 

c 

1381 

dissoc.* 

(528*) 

c 

2594 

-  1 .3 . 4  1 M0 

(30) 

ppt. 

4100 

N;  & 

(86,  129,  569) 

ppt. 

1820 

N 

(86,  1  29,  569) 

ppt. 

312o 

N 

(86,  1  29,  569  J 

ppt. 

3330 

N 

(201) 

ppt. 

1430 

N 

(.2°  1  ) 

ppt. 

2340 

N 

(201) 

ppt. 

1219 

SrCla  + 

(55,  58,  565,* 

Na2CC>3;  & 

976) 

c 

2107 

N 

(56) 

c 

1370 

2.616 

500 

(55) 

aq. 

1373 

N;  & 

(55,  976) 

c 

1967 

-22-3  H0 

(55,  976) 

c 

1505 

23 -3”0 

(55,  976) 

aq. 

1529 

N;  & 

(55,  976) 

c 

1650 

22. 01 2 

220 

(55,  976) 

aq. 

254 

N 

(555,o  976) 

c 

1416 

—  17.4s 

200 

(5550) 

gls. 

1520 

SrCOs  +  S1O2 

(275) 

liq. 

249 

NaHg  + 

Sr  Cl  2  aq. 

(928*) 

4400 

951 

mix. 

(1012) 

8400 

1109 

mix. 

(1012) 

4800 

1744 

mix. 

(1012) 

600 

34 

mix. 

(1009) 

900 

-231 

mix. 

(1009) 

1000 

331 

mix. 

( 1 009) 

c 

2115 

—  6615 

(1  009) 

1000 

244 

mix. 

(1009) 

c 

2039 

—  7815 

(1 009) 

1000 

134 

mix. 

(1  009) 

C 

2228 

—  9116 

(1009) 

500 

30 

SUCNH  + 

(1011) 

AgCN 

600 

145 

Sr(CN)2  + 

(1011) 

AgCN 

C 

1115 

16713 

5500 

(747,  748) 

aq. 

1282 

N;  & 

(747,  748) 

c 

2291 

+  136l?oo 

(747,  748) 

220 

201 

Sr(CN)2  + 

(1010) 

Ni  (CN)S 

c 

5344 

1375 ' ■»iloo 

(32) 

Barium" 

C 

0 

Def. 

aq. 

537 

BaCla 

c 

557 

150-0‘oV  & 

(67,  404,  976  ) 

aq. 

708 

=  BaCOHh 

.  c 

635 

09 1 2  •  & 

J“ncr 

(92,  5  1  9,* 

616*) 

c 

932 

80hci 

( 9  7 ) 

c 

3576 

11.4HC1 

(92,  384) 

c 

623 

738HC1  (2M) 

(46) 

c 

171 

367hci:  & 

(477) 

c 

945.2 

47. 715 

660 

(67,  404,  976) 

400 

993 . 9 

N,  BaCla;  & 

(9,  67,  476, 

940,  976) 

0 

1250 

2g5'Jo 

(404) 

C 

3344 

-60-7J60 

(67,  404,  921, 

976) 

c 

865 

4912 

^yHCl 

(92,  377) 

ppt. 

1204 

N;  & 

(464,  793) 

aq. 

1192  ?) 

-2;  & 

1  (793) 

Formula 


BaCl 

BaClt . 

{see  also  p.  161,  162) 


BaCh^HaO 


Ba(C10)2 


Ba(C102)2.  .  .  . 
Ba(C103)2 . 

Ba(C103)2.H20 
Ba(C10i)2 . 


Ba(C104)2.3H  ( > 
BaCl2.BaO.3H2O.. 
BaCl2.BaO.5H2O . 
BaCl2.BaO.8H2O 
BaBra . 

BaBr2.2HaO  . 

Ba(BrO)2 . 

BaBr2.BaO.2H2O . . 
BaBr2.BaO.5H2O.  . 
Bal2 . 

Bala.Tll 

Ba(I03)2 . 

BaCIOjH.HaO 
BaI2.BaO.2H2O 
BaI2.BaO.9H2O 
BaS . 

BaSOs . 

BaSOi . 

BaSaOs . 

BaS20e.2H20 

BaSaOs 

BaSaCKAHzO 

Ba(HS)a . 

Ba(HSOa)2 . 

BaSOa.HaSO* . 

BaSO4.2H2SO4.H2O 

Bal2.2SOa . 

Bal2.4S02 . 

BaSe . 

BaSe04  . 

BaNt  . 

BaaNa . 

Ba(NOa)a . 

Ba(NOa)a.HaO . 

Ba(NOs)a . 

( see  also  p.  162) 


«  Ba(NOa)a.Pb(NOa)a,  solid  solutions  (959).  BaaPaCB  (?)  heat  of  ppt.  (568). 
BaCla  HCl,  heat  content  of  HC1  (501). 


State 

<?.  kj 

Method 

Barium. — 

( Continued ) 

C 

466 

236hc,«, 

C 

859.3 

8  7ioo 

2000 

868.58 

dil. 

1000 

868 . 29 

dil. 

400 

867.76 

dil. 

200 

867.55 

Ba  +  HC1 

100 

867 . 43 

dil. 

50 

867 . 58 

dil. 

C 

1460.9 

-20-6Joo 

aq. 

757 

Cla  + 
Ba(OH)2 

C 

660 

dissoc. 

C 

728 

—  2810 

600 

200 

700 

+soa;  & 

c 

1033 

-47. o18 

600 

c 

880 

—  710 

800 

800 

872 

N;  & 

C 

1770 

—  39 1000 

C 

2421 

+  HC1 

C 

3045 

77  12 

11  HCl 

C 

3899 

HCl 

C 

755 

20-8400 

400 

776 

ions 

C 

1366 

—  1 7  518 
1/O400 

aq. 

73o 

Ba(OH)a  + 

Br 

c 

2031 

14lHBr 

c 

2949 

83HBr 

c 

606 

43. 1  ■« 

aq. 

649 

ions 

c 

2680 

—  28.718 

600 

c 

1026 

— 1918 
iyK2SO* 

aq. 

990 

ions 

c 

1324 

-f-NaaSO* 

c 

1905 

139hi 

c 

3998 

492hi 

c 

465 

114  HCl 

aq. 

496 

N 

ppt. 

1 17o 

N 

ppt. 

1445 

N;  & 

aq. 

1420 

ions;  & 

aq. 

1686 

-t-Haso* 

c 

2287 

—  29  018 
zyu400 

aq. 

1855 

-t-HaSO* 

c 

3049 

_  49 ‘2 
’*1 700 

aq. 

570 

N 

aq. 

1787 

N 

c 

2260 

59'6^0 

c 

3380 

101 .  Bqjgo 

c 

1281 

dissoc.* 

c 

1943 

dissoc.* 

c 

369 

142hc1 

ppt. 

1163 

BaCla  + 

H2SeC>4 

c 

82 

—  33«6o 

aq. 

49 

-f-  H2SO4 

c 

380 

1498HCl,a»l 

c 

777 

—  23 .8,s 
800 

aq. 

753 

-f  II2SO4;  & 

c 

1075 

-36Joo 

c 

997 . 2 

-39-6ioo 

1600 

956.0 

dil. 

800 

956 . 7 

N;  A 

400 

957.6 

dil. 

200 

960.2 

dil 

Lit. 


(46, 

(32,  S3, 

1  57.5,0  359, 
590,  623,0 
9  10,  97  6 
(6  5  3,  827,0 
930OJ) 


(477,  480, 
976, 


(S3,  360.5, 
429,0  91  0, 

1  976, 

I  (69) 

(252) 

(55) 

(77,  976) 

|  (5  5,  976, 

J  (55,  976) 

|  (104,  97(.) 

|  (SS) 

f") 

(1  1,  964) 

C11) 

( 976,  1  009, 

(9  7  8  ) 

(81) 

(965) 

(965) 

(965) 

(965) 

(976) 

(278) 

(278) 

(965) 

(965) 

(8  9  7  ) 

(60,  976  , 
(374) 

(58,  748,0  976 

(69  9  f) 

(97  6) 

(976) 

(135) 

(135) 

C9  7  6  ) 

(374) 

(1017) 

(1017) 

(342*) 

(342*) 

(350) 

(696) 

(164) 

(164) 

(476,  480) 

(7l) 

(71) 

(7>) 

(55,  934f) 

(1  98,  827,0 

9  9  4  t ) 

(55,  58.  976; 


THERMOCHEMISTRY:  7s  TO  81 


l‘)9 


Formula 

State 

0.  kj 

Method 

Lit. 

Barium. 

(.'on  tm  ued  1 

BaNH . 

C 

224 

446IIC1(!00) 

(480) 

Ba(NH»)» 

C 

330 

473-3Lc.,» 

,476,  480) 

Ba(NHi)« 

c 

313 

dissoc.  * 

(191) 

BaCli.SNHj  . 

c 

1485 

dissoc.* 

(531*) 

BaBri.NHj 

c 

851 

dissoc.* 

(531*) 

BaBn.2NH> 

c 

941 

dissoc.* 

(531*) 

BaBrj.4NH> 

c 

1118 

dissoc.* 

(531*) 

BaBrj.SNHi . 

c 

1468 

dissoc.  * 

(531*) 

BaIi.2NHi . 

c 

809 

dissoc.* 

(531*) 

BaIj.4NH j  . 

c 

996 

dissoc.* 

(531*) 

BaI..6.NH, . 

c 

1180 

dissoc.* 

(531*) 

Balj.SNHa . 

c 

1361 

dissoc.* 

(531*) 

Balj.BNHa . 

c 

1449 

dissoc.* 

(531*) 

Bali.lONHj  . 

c 

1527 

dissoc.* 

(531*) 

Bai(PO<)« . 

coll. 

408o 

N;  A 

(86,  129) 

c 

415o 

N 

(86,  1  29) 

BaHPO*  (?) . 

ppt. 

181o 

N 

(8  6,  1  2  9,  568  ) 

Ba(H»POj)j 

aq. 

1733 

-f  HjSOt 

(970) 

Ba(HiPOi)j.HjO  . 

c 

2018 

1.218 

400 

(976, 

BaH<(PO»)»  (?) . 

ppt. 

30  lo 

N 

(86) 

BaiCAeCh)* . . 

ppt. 

3422 

N 

(202) 

BaH  AsOi . 

ppt. 

1194 

N 

(976) 

Ball  AsOi . 

ppt. 

1435 

N 

(202  ) 

Ba(H2A80«)» . 

ppt. 

1961 

N 

(976) 

Ba(HjAB04)i . 

ppt. 

2334 

N 

(202) 

BaCOi . 

ppt. 

1217.2 

NaiCOj  + 

(55,  58,  565  ,* 

BaCU 

976) 

BaCO»(II)  (wilh#rile) . 

C 

BaCOj(I1 . 

c 

Tr.;  7.3«» 

(608) 

BaCjO,.H  jO . 

ppt. 

1663 

(NBLRCjCL 

(S6) 

BaCls 

Ba(HCO?)i . 

c 

1376 

— 10.28 

600 

(53) 

aq. 

1366 

ions;  & 

(73) 

Ba(CtH*Oj)j . 

c 

1500 

2211 

600 

(55) 

aq. 

1522 

+  HjSO« 

(53,  55,  976) 

Ba(CaH  302)5. 3HjO . 

c 

2383 

-3.4 

(55) 

Ba(CsHjO). . 

c 

911 

82.7“ 

(373) 

2BaO.4CH.OH 

c 

3035 

469 .3hci 

(380) 

aBuO^CslHOH 

c 

3063 

205IL 

(380) 

B*(CiHt80«)t  . 

aq. 

2354 

+  h5so< 

(976) 

BaCCaHiSOaJa^HjO  .  .. 

c 

2905 

20. 818 

800 

(976) 

Ba(CN). . 

c 

239 

7.4* 

(555) 

aq. 

247 

N;  A 

(555) 

Ba(CN)j.HiO . 

c 

544 

—  9* 

(S55) 

Ba(CN)j.2IIjO . 

c 

838 

—  20: 

(555) 

Ba(CNO)a . 

c 

891 

—  62  iaoo 

(62«) 

aq. 

829 

+hnoi;  * 

(626) 

BaHCiNiOj.l  J  HaO 

c 

1588 

96hsSO« 

(626) 

Ba(H><  NiO  2HiO 

c 

2470 

37.3hjSO« 

(626) 

Ba(SbOC.H.Oe):.  . 

c 

3512 

48hci;  A 

(468) 

Ba(Sb0C.U,0e)».2H,0.... 

c 

4111 

18hci;  a 

(468) 

BaSiOj . 

g!s. 

149o 

BaCOi + 

(275) 

SiOj 

BaSiFc 

c 

2835 

N;  A* 

(1  090*) 

BaBri.HgBrj . 

4400 

945 

mix. 

(1012) 

BaBrj.2HisBrj . 

8400 

1101 

mix. 

(1012) 

2BaBr:  HgBr> 

4800 

1731 

mix. 

(1012) 

Ba(CN)i.H«(CN),. 

600 

27 

mix. 

(  1009) 

Btt(CN)j.2Hg(CN)3. 

900 

-  239 

mix. 

(1009) 

BaCl».2Hg(CN). 

1000 

325 

mix. 

(1 009) 

BaClt.2Hg(CN)».5H,0. 

0 

1827 

-72“ 

(1009) 

BaBrj.2Hg(CN)i 

1000 

237 

mix. 

(1009) 

BaBrt.2Hg(CN  >11" 

c 

2041 

-88“ 

(1009) 

BaI».2Hg(CN)i . 

900 

126 

mix. 

(1009) 

Bal  ».2Hg(CN)».4H»0 

c 

1363 

-92“ 

(1009) 

BaAg(CN), . 

1200 

136 

Ba(CN)t  + 

(1  008) 

AgCN 

Ba(Ag(CN)i)». . 

500 

20 

fla(CN)i  + 

(1008) 

AgCN 

BaPtCl. . 

0 

1192 

“i'o’oo 

(453.) 

aq. 

1230 

ions* 

(453.) 

BaPtCl..fiH.O . 

c 

2952 

-4.4 

(453.) 

Ba.Fe(CN). . 

aq. 

565 

N 

(555) 

BuiFe(CN)#.6H»0 

c 

2329 

-48“ 

(555, 

It., 11  1  e(CN)< 

aq. 

32 

N 

(555, 

Ba*(FeCO(CN)»)*  •  •  •  • 

c 

1186 

7  *Io  000 

(747,  748) 

aq. 

1256 

N 

747,  748) 

Formula 

State 

Q.  kj 

Method 

Mt. 

Barium. 

( Co nt in  ued 

Ba.(FeCO(CN  u)«  1 1 11  -O 

c 

4433 

_  *>Q  1  8 

12  000 

<747,  748) 

Ba(CN)i.Ni(CN)j 

aq. 

200 

mix. 

(1 01 0 l 

BaCrO«  . 

ppt. 

1398 

BaCli  + 
KjCrO. 

(2  79) 

BaCW.2AICl» 

c 

227.3 

642 

( ® 2 ) 

3BaCl:.4AlCIt 

c 

5404 

1295 

(®2) 

Lithium" 

Li . 

c 

0 

Def. 

Li  + . 

278 . 1 

I.ijO . 

c 

593 

13l“c;  A 

40,  4000) 

3686 

67.1'® 

(401, 

?60 

LiiOi . 

c 

627 

30.1 7°;  A 

(388) 

aq. 

657 

+  HC1 

(388) 

I. iH . 

c 

90 

131 18 

2000 

(473,  S  2  9 ,  * 

718) 

l.iOH . 

c 

487 

18.7;< 

1 10 

(  397,  403) 

00 

506 . 4 

dil. 

2000 

506 . s  9 

Li  +  HtO;  A 

(4  73,  7  1  8,0 

976, 1074) 

400 

506.18 

dil. 

(400,  401, 

200 

505 . 97 

dil. 

867,o  976) 

100 

505.71 

dil. 

50 

505.41 

dil. 

25 

504.9 

dil. 

Li  OH  H*0 

789.2 

3.0'® 

(397,  403) 

220 

LiOH.4HjO . 

536 . 5 

4.3“ 

(401) 

Li2Oj.H2O5.3H2O 

c 

1710 

19lfo:  & 

(388) 

LiF . 

c 

609.1 

—  4.316 

110 

(410) 

aq. 

604.7 

N 

(791) 

LiHFi . 

400 

920 . 7 

LiF  +  HF 

(793) 

LiCl  . 

407.7 

35.6'® 

(45,  493,  604 

757,  811) 

00 

443.77 

dil. 

400 

443.44 

dil. 

(324,  f  604,o 

625,  867,0 

1 003 |) 

200 

443.27 

N 

(742,  868, 

976) 

100 

442.98 

dil. 

(604) 

50 

442.61 

dil. 

25 

442.06 

dil. 

10 

440 . 05 

dil. 

5 

435 . 49 

dil. 

3 

427.79 

dil. 

LiCl.HjO  . 

c 

712.2 

17.2 

(117,  533*) 

LiC1.2H»0 . 

c 

1011.5 

4.1 

(217,  533*) 

LiC1.3HjO . 

c 

1310.3 

dissoc.* 

(533*) 

I.iBr . 

c 

350.4 

;  7  1 1 4 

8  60 

(206,  533*) 

200 

397 . 84 

N 

(868) 

LiBr.HjO  .. 

c 

665 

dissoc.* 

(631.) 

LiBr.2HjO . 

C 

969 

-5.0;  A 

(105,  S  3  3  ) 

LiBr.3HiO 

C 

1270 

dissoc.* 

(333.) 

Li  I . 

C 

272.0 

61'8ioS0 

(45,  206) 

200 

333 . 79 

N 

(533,  868) 

I-il.JHjO . 

c 

435.5 

dissoc.* 

(333.) 

Li I  HjO  . 

595 

dissoc.* 

(151.) 

Li I  2HjO 

906 

dissoc.* 

(ill.) 

Li  I  3  H  jO 

1216 

diwoc.* 

(*12*1 

LitSO*a> . 

c 

Tr  •  2 
ir.,  ^ 

('Olt) 

I.itSOiUi) . 

c 

1414 

26.7 

(•««.  •*«) 

800 

1440 

N;  A 

(976,  1074) 

LijS04.HjO . 

C 

1712 

14. 3‘® 

400 

(•10,o  976) 

I.il.SOj . 

c 

603 

dissoc.* 

(143.) 

LiI.2SO, . 

c 

932 

dissoc.* 

(143.) 

IdjSo . 

c 

399 

44 . 6« 

(130) 

aq. 

444 

N 

(380) 

LiiSe.9HiO . 

c 

3070 

—  51w» 

(33  0) 

Li»N  . 

192 

549 

<4T4> 

LiNOi . 

c 

484  7 

»  »S. 

(493,  an. 

9T0) 

486  59 

dil. 

(.«?•) 

400 

48$  40 

*  LiCl  +  HC1,  partial  boat  content  of  HCI  *®°  . 


200 


INTERNATIONAL  CRITICAL  TABLES 


Formula 


Q,  kj 


Method  | 


Lit. 


L  i  th  i  um . —  (Continued ) 


Li  NO  a. —  ( Continued ) 


Li  NOj.8HjO  . 

LiNHs . 

U(NHi)t  ... 

LiiNH  . 

LiCl.NHj 
LiC1.2NHj. 
LiC1.3NH3 
LiCl.4  NHa 
LiC1.5NHj.  . 
LiBr.NLR 
LiBr.2NH3  . 
LiBr.3NHa 
ljBr.4NHa  . 
LiBr.5NH» . . 
Li  Br.fi  J  NII3 . 

Lil.NHs . 

LiI.2NH3. . 
LiI.3NH3 .  ■  ■ 
LiI.4NH3. . . 
L1I.5NH3. . 
LiI.5J NHs . . 
LiI.7NHj. . . 

LijCj . 

Li2COa . 


LiHCOa . 

LiCH30(ciI3OH) 

LiC2H60(c2HiOH) 

LiCN . 

LiCl.CHjNHj 
L1CI.2CH3NH2 
L1CI.3CH3NH2. 
LhSiCh . 


LisSiFs. 


LiCl.ThCIa . 

LiCl.ThCU.8H2O . 

2LiCl.ThCl4 . 

LiHg . 

LiHg2 . 

LiHgs . 

LiHgea . 

LiBr.HgBr2 . 

2LiBr.HgBr2 . 

4LiBr.HgBr2. .  • 

LiCN.Hg(CN)2 . 

2LiCN.Hg(,CN)2 . 

LiCl.Hg(,CN)2 . 

LiBr.Hg(CN)2 . 

LiBr.Hg(CN)2.3JH20.. 

LiI.Hg(C.\)2 . 

LiI.Hg(CN)2.35H20. 


Na . 


Heats  of  solution  of  melted  salt  mixtures: 


Formula 


|  State  I  0.  kj  I  Method  | 


Lit. 


Sodium. 


200 

486.361 

N 

(868°) 

100 

480 . 25 

dil. 

50 

486.15 

dil. 

25 

486 . 05 

dil. 

3 

481.3 

analogy 

c 

1374.0 

—►liq. 

(73t) 

c 

179 

oooi5 

IIC1(200I 

(480 

liq. 

328 

dissoc.* 

(46  +  ) 

c 

217 

472k6cl 

(480) 

c 

502 . 3 

22  •  4 llo'  & 

(1  87,*  220*) 

c 

594.8 

(1  87,*  220*) 

c 

685 . 8 

(1  87,*  220*) 

c 

767.6 

(1  87,*  220*) 

c 

846 

dissoc.* 

(187) 

c 

450 

28-73lo;& 

(1  87,  220*) 

c 

548 

12-6440;  & 

(1  87,  220*) 

c 

640 

1 . 210  ;  & 

550’ 

(1  87,  220*) 

c 

729 

-6-58eoo-'& 

(1  87,  220*) 

c 

809 

dissoc.* 

(187*) 

c 

921 

dissoc.* 

(1  87*) 

c 

385 

dissoc.* 

(1  87*) 

c 

489 

dissoc.* 

(187*) 

c 

585 

dissoc.* 

(1  87*) 

c 

680 

dissoc.* 

(187*) 

c 

759 

dissoc.* 

(1 87*) 

c 

797 

dissoc.* 

(187*) 

c 

910 

dissoc.* 

(187*) 

c 

57 

155” 

(475) 

c 

1217 

42 -8^0 

(402,  565*) 

aq. 

1230 

N;  & 

(402,  742) 

500 

972 

+  HC1  aq. 

(742) 

CH3OH 

482 

Li  +  CHjOH 

(376) 

CuHsOH 

491 

Li  +  C2H6OH 

(376) 

200 

131 

N 

(1007) 

C 

496 

27 . 9300 

(221) 

c 

577 

28 . 0400 

(221) 

c 

653 

33 . 0500 

(221) 

gls. 

156o 

LhCOa  +  SiOj 

(275) 

c 

1820 

gls. 

(917) 

c 

2835 . 3 

7 . 6soo 

/  1  0  0  1  ) 

aq. 

2842.9 

LiF  +  SiFt 

(1001) 

c 

1822 

262.2 

(268) 

c 

4269 

105.1 

(268) 

c 

2239 

288.0 

(268) 

c 

84 

Li  +  Hg 

(1074) 

c 

94 

+  H2SO4 

(1074) 

c 

105 

+  H2SO1 

(1074) 

liq. 

82.0 

Li  +  Hg* 

(639*) 

4200 

559 

mix. 

(1012) 

4400 

962 

mix. 

(1012) 

4800 

1765 

mix. 

(1012) 

400 

-  112 

mix. 

(1009) 

600 

41 

mix. 

(1 009) 

.  1  1000 

172 

mix. 

(1009) 

1000 

128 

mix. 

(1 009) 

c 

1168 

-38. 3” 

(1009) 

1000 

73 

mix. 

(1009) 

c  I  1118 

Sodium" 

-43.3” 

| (1009) 

’  1  C 

0 

Def. 

gas 

-  105 

-*  c* 

(4  3  8,*  4  8  9,* 
491,*  875*) 

Na+ . 

NajO . 

Na202 . 

NasO  (?) . 

Nall . 

NaOH(g) . . 

NaOH  (a) . 

(see  also  p.  161) 


NaOH.)H20 . 
NaOH.H20. . 

NaHOs . 

NaF . 


NaHF2. 
NaCl . . . 


Fresh  fused 

Old  fused 

Lit. 

71.6” 

69.8” 

(1  57.5; 

2NaCl.CaCh . 

9NaCM  SrCL  . 

62. 4'° 

36.9” 

62.9'* 

35.3'* 

2.8 

5 . 418 

2NaCl  BaCli  . 

-  3.9 

3.4 

8.2'* 

8.7” 

11 .2” 

5.4” 

(777) 

NaCl.  I.i  I  . 

—  44 . 4*oo 

(45) 

NaCl  +  HC1,  partial  heat  content  HC1  (500). 
2NaCl.BaCl2,  heat  of  dilution  (93°). 


c 

c 

CO 

500 

400 

200 

100 

50 

25 

13.5 

9 

7 

5 

3 

c 

0 

aq. 

c 

aq. 

c 

400 


NaCIO . 
NaClOs 

NaC104 

NaBr.  . 


NaBr.2H20 

NaBrO .... 
Nal . 

NaI.2H20. 
NasS . 


■( Continued ) 

NaCl;  & 
236 

175.0hci;  & 
409 


gas 


500 

400 


200 

100 

50 

25 

10 

800 

c 

aq. 

0 

aq. 

c 

200 

100 

14 

6.8 

c 

aq. 


200 

c 


240.8 
415 
495 . 6 
425 
55 

426.5 

468.88 

168  90 
468.92 
468.98 
469.1* 
469  48 

169  54 
170.23 

469 . 5 
469.1 

465 . 5 

456.6 
577 
725 
393 
570.4 
567.9 
909 
883 

411.64 


109‘«0:  & 

Tr  •  4  1  29!l-6 

it., 

dil. 

dil. 

dil. 

dil. 

Na  +  H2O 
dil. 
dil. 
dil. 
dil. 
dil. 
dil. 
dil. 

3^o 

+  HNO1;  & 
_  012 
400 

N;  & 

-26** 

400 

NaF  +  HF 

~5-36lSo 


184 
406 . 28 
406.26 
406 . 26 


406 . 30 

406 . 50 
406 . 99 
407.86 

409 . 2 
349 
344.6 
322.5 
421 
407 

361.3 

360.54 

361.0 

363.3 
365.1 
953 


(39,  40,  393, 

9!  4°) 

(393) 

(393) 

(394,  579,* 

7  3  6,*  996  ] 
(55,o  392,  976) 

(515) 

(65,  409,  927,0 
967,0  997, 
976,0  1  003  f) 

(6,  3  S  9,  559, 
954,  976) 


-  (C) 

dil. 

dil. 

dil. 


N;  & 

dil. 

dil. 

dil. 

dil. 

N;  & 

+  KNOj;*  & 
N;  & 

-15iSo 


N;  & 
dil. 
dil. 
dil. 

—  19  718 

•  300 


331  NaOH  +  Br 
290.7  5.9  >»# 


296  59 
885.7  1 


lQSllo 


(392) 

(65,  392) 

(574) 

(464) 

(740,  976) 
(464) 

(976) 

(45,  54, 

1  57.5,0  241, | 
295,o  623,0 
777,  837, Of 
909,o  934, 
976,  1  006,o* 
10460) 

(366,  492) 
(6,*f  22,  623, 
6  5  3,  8  2  7,0 
837, f  867,o 
909,  934,f 
938, f  976, 
1070®) 

(6,*  50,  1  87, 
330,  580,0 
646,0  670, 
671,  742,0 
867,o  940, 
976,0  1  0060) 
(976) 

(55,  2  4  6*) 
(976) 

(52,  55) 

(104, 

(55,  360.5, 

97  6) 

(8670) 

(313,  f  324  f) 


(55,  360.5, 
976  ) 

(8  1,  976) 
(55,  360.5, 
811,  976, 
1009) 
(8680) 

(55,  360.5, 
976) 


c 

376 

65;  & 

(855,  897) 

400 

440.3 

N;  & 

(50,  60,  897 
976) 

200 

440.4 

dil. 

(897) 

100 

440.8 

dil. 

50 

441.2 

dil. 

20 

442.3 

dil. 

10 

443.7 

dil. 

THERMOCHEMISTRY:  81  TO  82 


20 1 


Formula 


State  i  Q,  kj 


Method 


Lit. 


NatS.4  $  HsO 

NajS.5HtO 

NasS.OHsO 

NatSi . 

NaiSi . 

NajS* . 


Na*SO* 


Na»SO*.7HsO 
Na*S04  .... 


NaiSOi.lOHtO. 


NatS  .< •  ■ 


Na*StO*.5HjO 

NaiS,0i.5H,0 

NatSjO* 
Na*S*(  >t . 


(«)' 

ifiY 


NaiSjOa . 

Na*SiO«.2HjO 

NasStOc . 

Na*Sj0«.3H*0 
NasSfOc . 


Sodium. — ( Continued 


c 

1749 

21 1000 

c 

1899 

~  281000 

c 

3086 

-70" 

1000 

aq. 

442 

+  HI 

aq. 

449 

+  HI 

C 

414 

4117 

1200 

aq. 

455 

+  H 1 

c 

1085 

10“ 

800 

1096 

N 

c 

3145 

-46" 

600 

c 

1365.6 

2.3" 

400 

CD 

1367.1 

pitrap. 

800 

1367.5 

dil. 

400 

1367.9 

N;  A 

200 

1369.0 

dil. 

100 

1370.9 

dil. 

50 

1373.7 

dil. 

c 

4309.0 

-79.1" 

400 

aq. 

c 


aq. 

c 

1200 

c 

400 

c 

aq. 

c 

aq. 


1064 
1071 
2550 
2.546. 1 

1146 

1452 

1430 

1653 

1629 

2250 

1575 

2475 

1578 


7" 

440 

+  HC10 

-47C, 


Tr. 


3.87'* 

(o) 

+o, 

-22'° 

600 


-23-8ioo 


-48-8«o 
+  Brj;  A 
_  4  o 1 1 
1000 
NaaSiOi  4- 


(..7) 

l**7) 

(S97) 

(•»’) 

(.97) 

(997) 

(997) 

(*75) 

(3  7  5,  6  4  6,o 
976) 

(375) 

(53,  157.5,0 
246,*  360.5, 
459,  707, 
504,°  907, 
991,  976, 
979,  1  0060) 
(50,  53,  67  1, 
745,  843, 
9760) 

(976,0  1  006O) 


(281,  355, 
360.5,  4  58, 
807,0  976, 
978,0  979, 

1  100) 

(1  1  7,  369) 

(1  32,  976) 
(121,  976) 
(7370) 

(78) 

(375) 

(375,  976) 
l976) 

(976) 

(976) 

(1311 

(131) 

(1  31,  976) 


NaiS,04.2Hj0 

c 

2191 

1 ;  & 

-41™ 

(121) 

NaHS. . 

c 

239 

18" 

600 

(897) 

NaH.PjO. . 

400 

257 . 2 

dil. 

200 

257.3 

N;  A 

(897,  976) 

NaH.P.O. . 

100 

257.6 

dil. 

(897) 

50 

258.0 

dil. 

NaH.PO4.H1PO* 

20 

259 . 7 

dil. 

NatHPOi . 

10 

265.7 

dil. 

NaH8.2HjO . 

C 

836 

-6.4" 

400 

(897) 

Na.H  POi.5H»0 . 

NaHSOi . 

600 

858 

■*  NajJSsOk 

NaH804 . 

c 

1109.8 

5.0" 

200 

(50,  976) 

800 

1116.8 

dil. 

(976) 

400 

1115.9 

dil. 

200 

1114.8 

N;  A 

(843,  976) 

Na.HPO4.2H1O 

100 

1114  2 

dil. 

50 

1114.0 

dil. 

Na,HPO*.7H.O 

20 

1113.6 

dil. 

10 

1111.8 

dil. 

NaH.SO4.H7O . 

C 

1402 

-1.2 

(355) 

Na.HPO4.i2H .O  . 

Nal.280i . 

c 

955 

diaaoc.* 

(3  4  2,*  425*) 

c 

1615 

diaaoc.* 

(342,*  42  5*) 

NajHaPjO* 

Na*Se  .  . 

c 

291 

77-8" 

200 

(350) 

aq. 

369 

N 

(350) 

NajHjPjOi . 

NatSe.4  i  HtO . 

0 

1690 

-33 

(350) 

c 

2989 

-44 

(350) 

NajHtPtO?  . 

NatSe.l6HjO 

4980 

~  023OOO 

(35°) 

NaaSeOi 

800 

997 

N 

(979) 

NajHtPf07.6HjO . 

Nat8eO« 

e 

1094 

Se  4-  NaiOt 

(711) 

Na.HP.04 . 

400 

1094 

N;  A 

(696,  976) 

NallSe  . 

aq. 

187 

N 

(380) 

NaillPOi . 

Na,POi.l2H.O 
NaiPiO. . 


NaiPiCb 


NaiP.Cb.lOH.O 

NaH.PO, . 

NaH.PO, . 


Formula 

State 

Q.  kj 

Method 

Lit 

NaHSeOj . 

Sodium. — 

600 

■(Continued 

763  N 

(978) 

NaH.SeO* . 

aq 

844.7 

NajSeO«  4- 

(696,  976  ) 

NasTeO*  . 

c 

1283 

HtSeO«;  A 

Te  4"  NatOt 

(711) 

aq. 

1205 

N 

(698, 

NaNO, . 

c 

362 

-14.7,10 

(686,  9  54  ) 

aq. 

348 

+  HC1  + 

,686,  954  ) 

NaNO. . 

c 

470.6 

CO(NH,)» 

-21.0" 

200 

(S3,  2  4  6,* 

(/tee  also  p.  102) 

CD 

449.18 

dil. 

493,  909, 

400 

449.32 

dil. 

934, f  976, 

200 

449.66 

N 

9  7  6,o  1  006,o 

10460) 

(52,  67  1,  867 

100 

4.50.34 

dil. 

976) 

(198,  3  12,) 

50 

451.44 

dil. 

827,o  867, 

25 

453.27 

dil. 

890,  |  9  3  4,  J 

6 

458.0 

dil. 

935) 

Na.(NO), 

aq. 

466 

Sr(NO),.5H.O 

(133, 

NaNHj . 

c 

135 

+  NaSO.; 

A 

130“ 

(383) 

NaNH. . 

C 

67.6 

diaaoc. 

(559, 

NaC1.5NH» 

c 

808 

diaaoc.* 

(187.) 

NaBr.SiNH  ... 

C 

1045 

diaaoc.* 

(187.) 

Nal.4  J  Nil. . 

c 

674 

diaaoc.* 

(187.) 

NaI.6Nli, . 

c 

700 

diaaoc.* 

(1.7.) 

Na.S04.(NH4).SO.,H.O. . 

c 

3719 

—54.4“ 

(688) 

NaPO, . 

c 

1209 

16.6“ 

(447) 

600 

1225 

N 

(447, 

Na.PO,  (?) . 

c 

1871 

P  +  Na.O, 

(710) 

NajI’O* . 

900 

1972.4 

N 

(160,  1  61, 

NaH  jPOa.2  J  HjO 


c 

aq. 

c 

1600 

c 

aq. 

c 

600 

c 

300 


1200 

c 


aq. 


600 


aq. 

aq. 


c 

1200 


5467 
1042  + 
H«PiOt 
3160 
3210 
6120 
837 
1199 
1202 
1940 
1525.9 

246  + 
H4P1O. 
2498 
2501 
2803 
1403.8 
1442 
2892 
1736.7 

1760.3 

2334 . 3 
3812 


5289 . 9 

2088 
2090 
492  + 
H.P.O, 


—  6l" 
60  0 


49.6'* 

800 


N 

18.8 

N 

90 

N 

22J 

N 


-48-c, 


3.1'* 

500 


—  22'5 
■  500 


N 

2.8“ 
N .  A 
4.7“ 

383Uo 


—  19.2' 6 

500 

23.6" 

400 


N 


-1.6'* 

400 

-  48'*  ;  A 

400 


—  95. 5'* 

400 


1" 

1100 

N 

N 


976) 

(369) 

(567) 

197«) 

(447,  976  ) 

(976) 

(976) 

(») 

(8,  976) 

C) 

(160,  1  6  1. 

976) 

(567) 

(447) 

(447,  976) 

(4  4  6,  447; 

(*) 

(*) 

(*) 

(801,  802, 
976) 

(160,  16  1, 

979) 

(976) 

(410,*  749,* 

901,  602, 
976) 

(21  6,  749,  90' 

902,  979) 

(»> 

(9,  189) 

(991) 


aq. 


2753 

—  0.5 

(447 

2744 

N 

(447, 

4519 

—  58.2 

1  (447 

728  + 

S 

(667 

H.P.O. 

2954 

28.3 

1 447 

‘102 


INTERNATIONAL  CRITICAL  TABLES 


Formula 


l 


Q,  kj 


Method 


|  Lit. 


Sodium. — (Continued) 


Naall  PaOi — ( Coat'd ) 

aq. 

2982  I 

N 

NaaHPaOa.HaO . 

c 

3264 

4.7 

Naall  l’aO;.6HaO . 

c 

4729 

-29.6 

NaNH.HPOa . 

aq. 

1052 

N 

NaNH.HP04.4Ha0, 

c 

2842 

-45.0^o 

NaaAsOt . 

c 

150o  (?) 

As  4-  Na20> 

.500 

1597 

N 

NnjAsO*.12HaO 

c 

5084 

—  53 18 

600 

NaHaAsOa . 

400 

952 

N 

NaHaAsOa . 

300 

1143 

N 

AsOs .... 

400 

1137 

N 

Naall  AsO. . 

400 

1377 

N 

Na3»SbO< . 

c 

1653 

Sb  4*  Na2C>2 

aq. 

1605 

N ;  analogy 

3Na2S.Sb*S3 . 

1200 

1501 

+  HC1;  & 

NajBiOt  (?) . 

c 

1181 

Bi  +  Na2C>2 

NaaCa . 

Na«C03 . 

-20 

272hci;  & 

c 

1132.3 

23.6 1  ®  ;  & 

400 

400 

1155.8 

N;  & 

200 

1157.1 

dil. 

100 

1158.9 

dil. 

50 

1161.6 

dil. 

30 

1164.0 

dil. 

NaaCOi.HaO . 

C 

1432.6 

q  4I8 

400 

Na2COa.7HaO . 

c 

3204 . 2 

-45loo 

NaaCOj.lOHaO . . 

c 

4085.2 

-67-6loo 

NaaCaOt . 

c 

1322.5 

—  23i500 

450 

1299.2 

N 

C 

-  105 

61;  & 

NaCHOa . 

C 

657.1 

— 2.212 

150 

400 

654 . 9 

N 

NaHCOa . 

c 

952 

- 1816;  & 

200 

934 . 7 

N 

NaHCOa.HaO . 

c 

1064 

dissoc.* 

NaCihO . 

CHiOH 

452 

Na  +  CH3OH 

NaHC204 . 

c 

1079 

—  23200 

400 

1056 

N 

NaHCaOt.HaO . 

C 

1382 

—  40  300 

NaC2H3C)2 . 

c 

716.3 

16-^o8o 

400 

732.8 

N;  & 

100 

732.7 

dil. 

50 

732.5 

dil. 

25 

732.1 

dil. 

10 

730.7 

dil. 

3 

730 

— ^NaCsHaOa.- 
3H2O 

NaCaHaOa.3HaO . 

c 

1610 

—  19.2400 

NaCaHiO . 

CaHtOH 

463 

Na  +  CaHsOH 

c 

413 

56 . 420 

NaHC.H.O. . 

c 

1509 

-23.7 

aq. 

1486 

N 

NaHC.H4O4.HaO 

C 

1807 

-35.7 

NaCaHaOa.HCaHaOa 

c 

1219 

8350 

NaC»HiOj.2HCiHiOa 

c 

1740 

—  20 

NaCaHiO^CaHtOH  . 

c 

998 

43.8 

NaCalIi0.3CaHiOH 

c 

1276 

51.4 

NaaC.H.O. . 

c 

1725 

-4.7 

aq. 

1721 

N 

NaaC4II.O4.2HaO . 

c 

2318 

-24.6 

NaCaHiSO. . 

aq. 

1145 

Ba(CaHsSOt)i 
+  NaaSOt 

NaCN . 

c 

96 

—  2  l9 

100 

200 

94 

N 

NaCN.JHaO . 

c 

241 

_  4  06 

110 

NaCN.2H*G . 

c 

685 

-18'5Joo 

NaCNO . 

c 

406 

-2°-19000 

aq. 

386 

+  HC1 

NajCjNaOa . 

C 

1274 

6. 121 

1500 

aq. 

1280 

N 

NaCNaH 

aq. 

146 

N 

NaHjCiNjOj . 

c 

911 

—  20 . 53100 

(447) 

(447) 

1447) 

(1  29,  1  60) 

t976) 

(7  1  0) 

t9  7  9  ) 

(  9  6  9  ) 

(976) 

(976) 

t 9  7  6  ) 

(  9  7  6  ) 

(710) 

(1  27,  1  48, 

463) 

(.7  1  0  ) 

(38  1,  673) 

(1  1  3,  361,  706, 
7  7  7,  8  1  0,° 
976,  978») 
(50,  742,  976) 
(601,  )  976) 


(320,  )  976) 
(320,  |  976) 

(53,  360.5,  81  0, 
976,  9780) 

(56) 

(53,  976) 

(673) 

(55) 

(73,  976) 

(56,  263*) 

(50,  56,  976) 
(263*) 

(376) 

(53) 

(53,  976) 

(53,  976) 

(55,  810,0  976) 
(73,  1  14,  671, 
976) 

(51,  976) 


(455) 

(53) 

(376) 

(373) 

(56,  134) 
(56,  1  34) 
(56,  1  34) 
(86) 

(53) 

(373) 

(373) 

(56,  1  34) 
(56,  134) 
(56,  1  34) 

(9  7  6  ) 

(555) 

(97«) 

(555) 

(555) 

(626) 

(626) 

(626) 

(626) 

(626) 

(626) 


Formula 


NaHaCsNaOa. — tCont'd) . 

NaHjCjN.Oj.HjO  . 

NaaHCaNaOj . 


NaCNS 

NaaSiOa . 

NaaSiFs 


NaaOa. TiOa  (from  Ti  r 

NbjO,) . 

NaaTiF# . 

NaSn . 


NaSna . 

NaaSn . 

NatSn . 

NaaSna . 

NaaSnOa. . .  . 
NaiSnOi  (?). 


NaPbOa . 

2NaaSaOa.PbSaOa 


NaCl.ThCli.lOHaO. 

2NaCl.ThCl< . 

NaaZnOa . 

NaaZnlSOOa . 


NaaZn(SOt)a.4HaO . 

NaCda . 

NaCds . 

NaaCdOa  (?) . 

NaHga . 

NaHgi . 

NaaHg . 

NaHgu.s . 

NaHgs9.o . 

NaHgiu . 

NaHgaao . 

NaHgs83 . 

NaBr.HgBra . 

2NaBr.HgBr2 . 

4NaBr.HgBr2 . 

4NaaS.HgS . 

NaCN.Hg(CN)a . 

2NaCN.Hg(CN)a. 

NaCl.Hg(CN)a . 

NaCl.Hg(CN)a.UHaO 

NaBr.Hg(CN)a . 

NaBr.Hg(CN)a.2HaO . 

NaI.Hg(CN)a  . 

NaI.Hg(CN)a.2HaO.  .  . 

NaaO.CuOa . 

NasO.AgaOa  (?)  (from  Ag 

and  NajOj) . 

NaaAg(SaOa)a . 


NaAg(CN)a .  • 

NaaAg(CN)i . 

NaClOa  +  AgClOaisolid 


solutions)  - 

NaaPtCl.  . 


NaaPtCl* 


tate  1 

Q,  kj  1 

Method 

ium. — (Continued) 

aq. 

890 

N 

c 

1214 

_  77  1 18 

6  •  .1000 

c 

1098 

-7  420 

1500 

aq. 

1091 

N 

c 

179 

-13-9!oo 

aq. 

165 

N 

gls. 

1545 

SiO*  + 
NasC>2 

c 

1544 

234.  IhF 

c 

2766 

N 

aq. 

2755 

N;  & 

c 

2102 

Ti  +  NaaOa 

aq. 

2808 

N  =  HjSiF. 

c 

46 

485hcK«>  + 

F0C13 

c 

63 

741hC1<8>  + 

FeCla 

e 

50 

741hC1(s)  + 

FeCU 

c 

88 

1218hc1<8>  + 

FeClj 

c 

151 

1695hC1(8)  + 
FeCl3 

aq. 

937 . 3 

HSnClj  + 
NaOH 

c 

1549 

Sn  +  Na2C>2 

aq. 

1897 

SnCh  + 
NaOH 

c 

842 

NaaOa  +  Pb 

c 

2770 

-17 

aq. 

2753 

mix. 

c 

4933 

-24.0 

c 

2244 

209.4 

c 

778 

NaaOa  +  Zn 

c 

2364 

+  41 

aq. 

2406 

mix. 

c 

3551 

-0.7 

c 

36 

+  Br 

c 

52 

+  Br 

c 

681 

Cd  +  NaaOa 

c 

46 

195hC1 

c 

78 

163hc1 

c 

53.  S 

199 . 3h* 

liq. 

82.01 

dil. 

liq. 

82.82 

dil. 

liq. 

83. li 

Na  +  Hg 

liq. 

83.29 

dil. 

liq. 

83.41 

dil. 

4200 

522 

mix. 

4400 

887 

mix. 

4800 

1614 

mix. 

aq. 

2259 

Na2S4-  IlgCla 

400 

-  149 

mix. 

600 

-  32 

mix. 

1000 

134 

mix. 

C 

526 

-33.9“ 

1000 

90 

mix. 

c 

713.1 

-50.5“ 

1000 

35 

mix. 

C 

655 

-48“ 

c 

684 

Cu  -b  NaiC>2 

c 

601 

Ag  4*  NaiC>2 

c 

1881 

AgNO,  + 
Na2S20* 

500 

-  18.2 

AgCN  + 
NaCN 

1200 

00 

AgCN  + 
NaCN 

c 

c 

950 

42;  analogy 

aq. 

992 

NaaPtCL  + 
CuCl;  & 

c 

1138 

356^0 

aq. 

1173 

4"  Co 

Lit. 


(626) 

(626) 

(626) 

(626) 

(1023) 

(55S) 

(27  5,  7  06  ) 

(683,  740) 
(1001,  10  9  0s.) 
(976,  1  001  , 
1090*) 

(706) 

('") 

('") 

(l*9) 

C") 

(l*9) 

(189) 

(9  7  ®  ) 

(708) 

(9  7  6  ) 

(7  0  9  ) 

(3  6  9  ) 

(369) 

(268) 

(268) 

(712) 

(459) 

(  4  9  9  ) 

(4  5  9  ) 

(187) 

(187) 

(715) 

(  8  9  ) 

(") 

(1030) 

(256,)  859f) 
(2  5  6,  |  859)) 
(646,*  1  030) 
(256,)  859)) 
(256,)  859)) 
(1012) 
(1012) 
(1012) 

(140) 

(1 009) 

(1 009) 
(1009) 
(1009) 
(1009) 

(1  009  ) 
(1009) 
(1006) 

(713) 

(713) 

(  3  6  9  ) 

(1011) 

(1011) 


(371) 

(976) 

(976, 

(976) 


THERMOCHEMISTRY  H2  TO  S3 


2U3 


Formula 

State 

Q.  kj 

Method 

Lit. 

NajPtCl«.2H.O . 

Sodium. 

c 

1  Continu 
1747 

ed) 

-°Klo 

t»78) 

NaiPtCl«.6HiO. .  . 

c 

2935 

-“"Co 

(070) 

NacPtBri 

c 

924 

41 -Co 

(*7«) 

aq. 

966 

+  Co 

(»7«) 

NajPtBri.6HiO 

c 

2719 

—  3618 

800 

(976  ) 

NajPtle . 

aq. 

699 

4- Co 

(*'«) 

NaiUhCU . 

c 

1426 

32  ■ 2  f,  000 

(4SJ) 

aq. 

1458 

+  Co 

(45J) 

NaaRhCl,.  12110 . 

c 

4978 

-80-°iooo 

(8!3) 

Na.PdCU . 

aq. 

1014 

ions 

NajMn04 . 

c 

1120 

Mn  +  NaiO*  ! 

(712) 

NajSOi.MnSO, . 

c 

2406 

54 

(4  59) 

aq. 

2460 

mix. 

(45») 

Na1SO4.M118O4.2H1O . . . . 

c 

2601 

13 

(4  58) 

Na«SO,.MnSO,.6HiO. . . . 

c 

4218 

-41 

(4  58) 

NaiFeCO(CN), . 

c 

522 

20'  * 

3  600 

(711) 

aq. 

542 

N 

(747,  748) 

Na,FeCO(CN),.7HiO - 

c 

2577 

_  316d00 

(747,  748) 

NaiCoOi . 

c 

833 

Co  +  Na.Oj 

(712) 

2NaBr.CoBrj . 

900 

1028 

mix. 

(1012) 

NaiNitCN). . 

aq. 

143 

Ni(CN).  + 

(1011) 

NaiCrO.  . 

c 

1325 

NaCN 

10-0‘eio 

(87,  707,  7  1  6) 

800 

1335 

N 

(978) 

10 

135o 

— *  NajCr04.- 

(731) 

NajCrOi.-OIjO .  ... 

c 

2510 

10H.O 
—  32!ooo 

(86) 

Na.CrOj.lOHjO . 

C 

4262 

-6fUmo 

(86) 

NasCnO; . 

aq. 

1920.3 

ions 

(785) 

NajMoOr.j. . 

c 

Tr.;  61.1$ 

(1 091) 

NaiMo04(IIj . 

c 

1514 

NasOs  +  Mo 

(712) 

400 

1501 

N 

(785) 

Na.W0«aj . 

C 

Tr.;  39.8 $ 

(1091) 

NaiW0<(rl) . 

c 

1624 

W  +  NajOj 

(707) 

Na*U0« . 

aq. 

C 

1607 

1759 

17 ;  analogy 
U  +  NaiO* 

(714) 

NbjUiOt.HHjO . 

c 

1910 

186hj80. 

(820) 

(Naj0j)iU04 . 

aq. 

5773 

UO.SO.  + 

(820) 

(NajOi)»UO,.9HjO . 

c 

5780 

NasOj  + 
HjSO. 
UO2SO4  4“ 

(820) 

NaVO, . 

aq. 

II80 

Na2Os  4- 
H.SO. 
VtO,  4- 

(891) 

Na.VO. . 

c 

I880 

NaHO. 

V  4-  Na.Oj 

(714) 

NaBO. . 

300 

969 

N 

(50,  59,  84, 

NasB«Oj  . 

C 

3106 

43 

976) 

(48.1,  350, 

aq. 

3149 

N 

361  ) 

(50,  59,  97  6) 

NaiB4O7.10HiO . 

c 

6119 

- 108  2lloo 

(21  6,  360.5, 

NajBOi  (?) . 

c 

1405 

BjOj  *+•  Na*Oj 

976) 

(707) 

aq. 

1622 

N 

(50,  59,  976) 

NaAlOi . . 

c 

1137 

NajO  4-  AliOi 

(716) 

3NaF.AlF. . 

c 

3113 

123,,,%  11F) 

(32) 

aq. 

3256 

mix. 

(32) 

3NaF.AlF,.31HtO  . 

c 

4208 

-54.1;  A 

(32) 

NaCl.AlCI, . 

c 

1134 

296>‘ 

800 

(32) 

NaCl.Aia.6NH. 

c 

1936 

23.5 

(**) 

3NaC1.2AlCl. 

c 

2693 

673.2“ 

2000 

(") 

NaiO.  Alf08.3Sl0tul«hydr 

natrolito)  •  . 

c  (?) 

3689 

790,*,%  }|F) 

(740) 

NaiO.  AljOj.4SiO*(,  jehy  jr 

analritr) .  . 

c  (?) 

5733 

970,*%  HF) 

(740) 

Na.CeO.  (?) . 

c 

(T) 

Ce.O.  4- 

(709) 

2NajS04.CaS0i 

0 

2782 

NatOt 

13.0iooo 

(30) 

2Na*SO*  CaSOi.l’HjO. 

c 

4731 

3  8:x» 

(30) 

NaSrP0,.9H,O 

e 

4802 

N 

(569) 

Kafir  UOiftB  1 

c 

4295 

N 

(669) 

NaBaPOt.BHtO 

c 

4674 

BaCl.  4- 

(569) 

NaBa  AsO«  9HtO 

c 

4289 

NaH.PO, 
BaCl,  4- 

(669) 

NaHtAsO* 

Formula 


K-\ 

KiO . 
KjO, 
K,0« 
KH 

KOH((S) 


KOH(a) 

(art1  also  p.  161) 


KOH.iHiO 
KOH.HsO 
KOH.2HsO 
KF . 


KF.2HsO 

KF.4H5O 

KHFj 


KF.2HF . 

KF.3HF . 

KC1 . 

(see  also  p.  161) 


State  Q,  kj 

Potassium' 

c  :  0 

gae  —  86 

00  252  4 

c  361 

c  517 

c  |  550 

c  59 

c  426.9 


Method 


— *  c 
KC1;  A 
3141 


4 1 ' 


1823hV». 

142  9hjSO( 

diasoc.* 

54  221 

ITS 


c  Tr.;6.4** 

l<3) 

00  480.64  dil. 

400  480.47  dil. 

200  480.3s  K  +  HiO;  A 


100 

50 

25 

15 

9 

7 

5 

3 

c 

c 

c 

c 

400 


480.30 
i  so  20 
480.18 
479.80 
478 . 73 j 
477  61 
475. 10 
468.85 
678 
752 
1052 
561.2 
578 . 4 


dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

dil. 

dil. 


14-9?is 

-01i“o 

17  2ifo 


N;  A 


5.76  576.8 

3.90!  573.9 

c  1159.7 

c  1748.7 

c  918 


dil. 

dil. 

-9.0“ 


-25.8 

-25“ 

400 


400 

893 

N;  A 

C 

1242 

-33 

c 

1561 

-36 

c 

436.5 

-186iSo: 

gas 

22o 

— *c 

CO 

417.99 

dil. 

1000 

417.91 

dil. 

500 

417.88 

dil. 

Lit. 


(366  • j 

40,  8  5  4 
,  4  1  9 
(4  1  8  } 

(57  9,#  7  3  6  • 
,49,  55,  65, 
2  1  9,  392, 
97  6  ) 

(515) 


(359,  5  5  8, 

854,  976, 

(65,  408,  827,0 
867,®  697, 
976) 


(21  9,  392) 

(2 1 9,  392) 

(65,  219) 

(4  10,  4  6  S  ) 

(157,  46  5,  74  0, 
976) 

(412) 

(4  1  2,  465) 
(412) 

4  1  2,  464, 

465) 

(464,  465, 

976) 

(471) 

(471) 

(1  6,  1  57.5,o 
245, |  290, 

2  9  5,o  3  1  2,  f 
493,  623,o 
729,  777, 

8  10,0  840, 
934,  f  976, 
1006,0  1  0 4  6°  , 
(366,*  492*) 

(1  98,  245, 
501.5,o  623,0 
653,  827,0 
868,0  890,f 
909,  934,  f 
938, f  10060) 


a  Heats  of  solution  of  melted  salt  mixtures: 


Fresh  melt 

Old  melt 

Lit. 

KCl.NaCl 

-20.2 

-  20.8“ 

(i  57.5,  777,  102*) 

KC1.2NaCl 

-22.6“ 

-25.1'* 

2KC1  NaCl 

-30  4" 

-35  7" 

KI.NaCl 

-23.3uo 

(45) 

KjSOi.NajSO, . 

—  23,s 

-21.2" 

K,s!0,.2NajSO, 

-  16.1'* 

-15.1" 

2KjS04.NajSO, 

-55.7" 

-52.0" 

K1CO1.  NajCOj . 

34.4" 

33  0" 

K,CO,.2Na,CO, 

64.9" 

64  2" 

K,CO,.3Na,CO, 

97  5" 

94  1" 

K,CO,.4Na,COi 

129  3" 

127  5" 

2K,CO,.Na,CO, 

55  3" 

55.5 

3KjCO*.  NajCOj 

101'* 

101" 

(!67.6) 

KCl.BrCl*  mixtures,  partial  heat  of  dilution  i, 9  3  • 

Solid  solutions  of  KCN8  and  NaCXS,  heats  of  formation  '*021 

KAuCli,  heat  of  dissociation  (7i0 

KC1.  HC1,  partial  heat  content  of  HC1  500  101 

Ki8O4.CoSO4.6H1O,  K1SO4.Zr1SO4.6HjO.  K:S<  >4  N‘>‘  .1!  tt-  -  i 

lion  (262). 
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]-or„„iUt  I  State  1  Q.  kj  1  Method  | 

Potassium. — ( Continued ) 


KCl. — ( Continued ) 


KCIO. 

KClOa 


KCIO  4 


KBr 


KBr3 . . 
KBrs 
KBrO 
KBrOa 


KBr.KCl(solid  solutions) 

KI . 


ki3.  . 

KIO 

KIOs 


KI04  . 

KsIOs . 

KfclOe  . 

KHJOe . 

KIOt.HIOs . 

KsHsIOs . 

K3II2IO0 . 

KI.KCl(freeh  n>elt)-  • 
KI.KBrifroah  melt)  •  ■  • 
K2S . 


K2S.2H2O . 
K2S.5H2O. 
K2S4 . 


200  I 

417.931 

N 

100 

418.02 

dil. 

50 

418.73 

dil. 

25 

419.53 

dil. 

400 

360.5 

KOH  +  Cl2; 

& 

0 

376.1 

-43-°ioo 

CO 

332.2 

dil. 

500 

332.9 

dil. 

400 

333.1 

N;  & 

250 

333.8 

dil. 

125 

334.9 

dil. 

c 

469 

+  NH^CeHs- 

(N02)30 

00 

415.3 

dil. 

1000 

417.0 

dil. 

500 

421 

dil. 

sat. 

420 

-49.0 

c 

393.5 

gas 

184 

— ►  c 

00 

372.0 

ions 

200 

372.30 

N;  & 

50 

372.5 

dil. 

10 

370.4 

dil. 

aq. 

382 

KBr  +  Br2* 

aq. 

401 

KBra  +  Br2* 

aq. 

344 

ions 

c 

347.8 

-4918 

400 

CO 

305.0 

dil. 

500 

305.6 

dil. 

400 

305.9 

N 

250 

306.0 

dil. 

c 

329.6 

—  21  418 
“  400 

gas 

134 

— >  c 

00 

308.1 

ions 

200 

308.35 

N 

100 

308.5 

dil. 

aq. 

301 

1 2  KI;  & 

aq. 

331 

KOH  +  I2 

c 

508.4 

28 . 3^qq 

00 

479.2 

dil. 

500 

479.7 

dil. 

400 

480.1 

N;  & 

250 

480.7 

dil. 

aq. 

409 

N 

aq. 

1186.7 

N 

aq. 

1S71 

N 

400 

9S1 

N 

c 

758 

-49^o 

aq. 

709 

mix. 

aq. 

1265 

N 

aq. 

1473 

N 

c 

765 

-38 

c 

718 

-38 

c 

369 

94 

400 

462.8 

dil. 

200 

463.1 

N;  & 

100 

463.4 

dil. 

50 

464 . 1 

dil. 

20 

464.5 

dil. 

10 

459.3 

dil. 

7 

453.6 

dil. 

c 

1019 

1 6 1 8 

1200 

c 

1915 

~  2~1000 

c 

476 

5!So 

aq. 

481 

+  UI 

Lit. 


(50,  742,  868,0 
976) 


(976) 

(55,  21  6,  428, 
934,  947, 
976,  1  01  9) 

(9  3  4  f  ) 

(947,  976) 


(174) 

(9  3  4  f  ) 

(761) 

(1  74,  761 

9  3  4  f) 

(55,  67, 

1  57.5,o  245, I 
976,  1  024) 
(366*) 

(63,  868,0  976) 
(324,  -j-  890, -j- 
976) 

(976) 

(648*) 

(648*) 

(81,  934, f 
976) 

(934) 

(976) 

(l  57.5,  959, 

1  023) 

(1  1  1,  976) 
(366°) 

(55,  909) 

(63,  868,0 
976) 

(324) 

(1,  94,  811) 
(82,  924,  925) 
(82,  934,  976) 
(934) 

(80,  82,  976) 

|  (976) 

(976) 

(80,  976) 
(976) 

(82) 

(976) 

(80,  976) 

(80,  976) 

(45,  1  57.5) 

(1  57.5,  1  023) 
(359,  856, 
897) 

(897) 

(897,  976) 


(897) 

(897) 

(897) 

(897) 


Formula 


K2S4. 3  H2O . 
K2S4.2H2O . 
K2SO3 . 

K2SO3.H2O 
K2SO  4^  j  ^ 

K«8°«(n,  • 


K2S2OS . 

K2S2O3.H2O . 

K2S2O6 . 

K2S206.|H20  (?) 
K2S206 . 

K2S207 . 

K2S208 . 

KaS*0« . 

K2S4O6 . 

K2S6O6 . 

K2S6O6. 5H2O.  . 
KHS . 


KHS.iHsO 
KHSO3.  ■  •  - 
KHS04lUI) 


KHSOt 

KHSO< 


(II) 

(I) 


KHSOt 


KI.4SO2 . 

KjSe . 

K2Se.9H20 . 

K2Se.l4H20 . 

K2Se.l9H20 . 

KHSe . 

KjTeOs . 

KsTeO* . 

KNOj . 

KNO,(I).... 

KN0>(1II) . 

KN03a[) . 

(see  also  p.  162) 


State  |  Q,  kj  1  Method  1 

Potassium. — ( Continued ) 


c 

633 

—  9.2“  I  (897) 

c 

1085 

—  31'*  '  (897) 

c 

1113 

6300:  & 

1  1  6,  669) 

600 

1119 

N;  & 

1  16,  976) 

c 

1400 

5  zoo 

116) 

c 

Tr.;  10.75/jj? 

1091) 

c 

1417.1 

— 27.418 
too 

49,  1  57.5® 

245,  355, 

359,  805,0 

8  1  0,  909, 

976,  978,0 

1 0060) 

00 

1389 . 1 

ions 

800 

1389.5 

dil. 

(245,  f  8  9  0  |) 

400 

1389.7 

dil. 

(10060) 

200 

1390.8 

N;  & 

(748,  976) 

100 

1392.4 

dil. 

50 

1394.9 

dil. 

c 

1116 

—  2110 

800 

(117,  123, 

669) 

aq. 

1095 

N 

(976) 

c 

1407 

-26“ 

(999) 

c 

1500 

-47-°ifo 

(H8) 

600 

1452 

N 

(118) 

c 

1643 

-47-5i!o 

(118) 

c 

1707.1 

dissoc. 

(669,  976) 

500 

1653 

-54-4Jo9o 

(976) 

c 

1954 

-16 

(53) 

aq. 

1938 

dissoc. 

(53) 

c 

1861 

_  613300 

(135°) 

aq. 

1800 

BaS2(>8  -F 
K2SO4;  & 

(135°) 

c 

1650 

-52-n„V& 

(131,  669, 

976) 

aq. 

1598 

+  Br2 

(131) 

c 

1655 

(669) 

aq. 

1600 

ions 

c 

1666 

-42 

(669) 

aq. 

1624 

ions 

c 

2108 

-552000 

(131) 

400 

267.7 

dil. 

(897) 

200 

267.8 

N 

(976) 

50 

269.3 

dil. 

20 

272.1 

dil. 

10 

272.4 

dil. 

6 

268 . 6 

dil. 

c 

336 

3'2!Soo 

(897) 

400 

869.4 

N 

(116,  976) 

c 

1142 

-15-9200 

(52,  355,  458, 

976) 

c 

Tr-:  2  0(fi°I) 

(235*) 

c 

Tr.;  0.40 

(235*) 

800 

1128.9 

dil. 

(52,  976) 

400 

1127.2 

dil. 

200 

1126.1 

N;  & 

(52,  976) 

100 

1125.5 

dil. 

50 

1125.4 

dil. 

20 

1125.6 

dil. 

(976) 

c 

1654 

dissoc.* 

(342*) 

c 

357 

36 13 

1800 

(350) 

aq. 

393 

N 

(350) 

c 

3048 

-80iooo 

(350) 

c 

4484 

_85io3oo 

(350) 

c 

5952 

-  123“ 

(350) 

aq. 

198 

N 

(350) 

aq. 

1085 

N 

(696) 

aq. 

1227 

N 

(696) 

aq. 

359 

N;  * 

(58,  954) 

c 

Tr.;  2.6>78n 

(45.3,  234*) 

c 

j  Tr. ;  4-9 

(45.3,  234*) 

c 

497.1 

"35-4200 

(9,  52,  294, Of 

CO 

460.8 

1  dil. 

493,  634, 

1000 

460.9 

4  dil. 

7  2  9,  810,0 

500 

461.  C 

16  j  dil. 

909,0  934, | 

THERMOCHEMISTRY:  84 


2l)o 


Formula 


State  Q.  kj  Method 

Potassium. —  ( Continued ) 


Lit. 


KN'OjUl).-  ( Continued ). 


9  7  6,  978,0 


K  i(  N  O j  s  . 

KNHr  .  .  . 
KBr.4  NHj 
KI.4NH  j 
KI.6NH, 
K,PO«.  . . 
kh,po,  . 

KHjPO«.  . 

kh,po4.  . 

KiHPOi. 
K,HPO«.  . 
K,AbO« 
KHjAaOa 
KHsAsOa 

KtHAsOi 
KjH  AsO< 
KjCO> 


200 

401.69 

N;  A 

1  006,o  1  0460) 
(52,  868,0  976) 

100 

462.74 

dil. 

(52,  1  98,  827,0 

50 

464.49 

dil. 

867,0  890, 

934  f) 

(1006O) 

25 

467.17 

dil. 

aat. 

468.0 

dil. 

(294,  934 |) 

aq. 

489 

Sr(NO),  + 

(133) 

K2SCH 

K»COi.  IHiO . 

K,CO,.l  JHiO . 

K,C,Oi . 


KjCtOa.IIjO . 

7K,COj.2CO».9  JH,0. 
KHCO?  . 


c 

c 

c 

c 

aq. 

aq. 

aq. 

c 

aq. 

aq. 

aq. 

400 

800 

c 

400 

400 

400 

c 

400 

200 

100 

50 

10 


c 

3200 

1600 

800 

400 

200 

133 

c 


KHCO, 


c 

400 

c 

200 


KCHiO  .  OH, OH 

KHC,0, . !  c 


KC,H,0. 


KCiHiO 
KHCjOi.HiCtO, 
KHCili.O.  .. 


KiCiH.O. 


K,C,H,Oi.  JH>0 
K,C.H.0c.2H,0 
KCN . 


KCN'O 


400 

c 

400 

j, ){ , 
100 
50 
25 
10 
5 

C.H.OH 

c 

c 

aq. 

c 

aq. 


200 

c 

aq. 


73 

696 

641 

794 

2006 

849 

1214 

1557 

1537 

1465 

1783 

1631 

963 

1175 

1155 

1160 

1402 

1150.7 

1177.9 

1178.5 

1179.3 

1180.5 
1181.0 
1303.0 

1608.7 
1341 

1321.6 

1321.7 
1322.0 
1322.5 

1323.8 
1328.1 
1639.0 

1233.4 

669 . 1 

665.2 
968 

945 
464 
i  no 
1067.3 

730.2 

744.2 
744.0 
71  :  7 

743 . 2 
742.5 
740.7 
737.4 
481.9 

1946 

1545 

1497 

1755 

1743 

1912 

2363 

118 

105 

419 

397 


diaaoc.;  A 
diaaoc.* 
diaaoc.* 
diaaoc.* 

N 

N 

N 

-20 

N 

N 

N 

N 

N 

-20 

N 

N 

N 

27-2'0V  * 

dil. 

N;  & 
dil. 
dil. 
dil. 

17'9ito 

-20 

dil. 

dil. 

N;  A 
dil. 
dil. 
dil. 

"31  088oo 
—  9 1.4 !  too 
—  3.9U 

320 


—  22  316  • 

220' 


N;  A 

+  CH,OH 
-40 
N 

“Ofoo 

N 

dil. 

dil. 

dil 

dil. 

dil. 

dil. 

+  CiHtOH 

-66 

-43  Ha 

_1*'9400 


(859) 

(187.) 

(187.) 

(187.) 

(976) 

(976) 

(976) 

(458) 

197S) 

(976) 

(976) 

(976) 

(976) 

(458) 

(976) 

(976) 

(976) 

(S3,  1  57.5,0 
61  4,  777, 

976) 

(52,  742,  976) 
(405,  890,  f 
976) 

(976) 

(55,o  976) 

(56) 

(318) 

(318) 

1^5  6,  97  6) 

(318) 

(318) 

(318) 

(976) 

(406) 

(55) 

(55,  68,  976) 
(53,  264,. 

406,  632.) 
(52,  742,  976) 
(376) 

(459) 

(  5 6,  9  7  6) 

(55,  976) 

(49,  976) 
(978) 


—  25.7'? 

400 

-43.6 

—  12** 
200 

N;  * 

-21 .6” 

400 

+  HC1:  A 


(310,  376) 
(459) 

(  468,  555) 

(56,  1  34,  962) 
(56,  1  34,  4  68, 
810) 

(55,  1  34,  1  50, 
962) 

(56,  810,  962) 
(962) 

(55,  70,  976) 
(70,  1  39,  976) 
(55) 

(117) 


Formula 


Slaio  Q,  kj  Method 

Potassium. —  Conlirnu  </ 


K  jCjNiOj 

c 

1341 

_ 

-°6000 

aq. 

1317 

N 

KH1C1N1O, . 

c 

938 

—  35 . 9 1  »oo 

aq. 

902 

N 

KHC,N,0,.H,0 

C 

1233 

-«■ 4lLoo 

KjHC,N,0, . 

e 

1114 

— 

aq. 

1088 

N 

KCNS . 

c 

227 

—  1 1  00 

aq. 

176 

K*S|  -f- 

KCN  .  A 

KHCNt . 

aq. 

159 

N 

KCN.S. SO, . 

c 

562 

disaoc.  * 

2KCN8.80i  . 

c 

792 

disaoc.* 

KSb()C4H?06  . 

c 

1453 

2 

KSbOC.HiO, . 

c 

1763 

— 21 11 

aq. 

1741 

N 

KSbOCiH,0,.JH,0 . 

c 

1907 

—  22l* 

KjiSiFe . 

c 

2854 

N 

aq. 

2794 

N:  A* 

K*SnCl# . 

c 

1507.3 

—  14. 112 
800 

600 

1493.2 

KCl  + 

SnCh 

K,SnCli.H,0 . 

c 

1520 

—  56.218 
600 

K  Cl .  PbCl».  *0 

KCl  2PbCl*. . 

2KI. Pblstmelt)  ■••••• 
2KI.PbIi.2HiO . 

4KI.3Pbl2(fr<-,h  riielt)- 

4KI.3PbIi.6HiO - 

KiSOi.PbSO, . 


KCl.ThCl1.9H2O 

2KCl.ThCL . 

K,Zn(SO«), . 

K,Zn(SOi),.2H,0. 

K,Zn(SOi)i.6HiO. 

2KCN.Zn(CN), 

8KCN.Zn(CN), 

KHg,.# . 

KH(t.  . 

KiHg, . 

KHgtu . 

KCl.HgCl, . 


KCl.HgCI2.H2O 
2KCl.HgCli. .  . . 


2KCl.HgCli.HiO. 
4KC1.3HgCl,. .  .  . 


4KCl.3HgCl2.3HiO 

KBr.HgBr,  . 


KBr.HgHr1.H1O 
2KBr.HgBn  . . 


4  KBr.HgBn 
KI.Hgli 
KI.HgI2.H2O. 
2KI.HgIi . 


3KI.HgI, . 

eKi.Hgii . 

KCN.IIg(CN),. 

2KCN.Hg(CN)i 

KCl.Hg(CN), 


KCl.Hg(CN)i.HtO 

KCT.2Hg(CN)i. 

2KCl.Hg(CN)i. 

4KCl.Hg(CN)i. 

SKCl.HgfCN),. 


896 . 0 
1162.8 
838 
1429 
1839 
3608 
2336 . 1 

4621 

2313 

2394 

2998 

4194 

122 


KCl  +  PbCl, 

KCl  +  PbCli 

-46.1 

—  66.2'* 

1000 

—  8 1 1  400 

-  13218 

3000 

K2SO4  + 

PbSO,;  A 

12.8 

1673 

33. 1 1 8 

600 

2. 0'8 

600 

—  49. 4'8 

600 

6.3* 8 
soo 


Lit 


(626) 

(6  26) 

(626) 

(626, 

(626) 

(626) 

(626) 

:  (555,  1  0  23) 
(555,  I  023 

(626) 

(342.) 

(342.) 

(469  , 

!  (««»> 

(469) 

(469) 

(1001) 

(1090.) 

(976) 

(976) 

(976) 

(246*) 

(246.) 

(Ill) 

(111) 

(111) 

(111) 

(30,  245*) 

(26«) 

(268) 

(458,  976) 
(976) 

(458,  976) 
(1  40,  638*) 


aq. 

825 

mix. 

(139) 

c 

60 

193)101 

(140) 

c 

121 

133nci 

(89) 

c 

167 

34  Ihci 

(89) 

liq. 

109.0 

K  +  Hg 

(638,*  927 

c 

669 

-40'* 

700 

(106) 

aq. 

629 

mix. 

(1  06) 

c 

963 

—  47.3'* 

700 

(106) 

c 

1116 

—  62. 9! 4 

1000 

(106) 

400 

1053 

mix. 

(976 

<* 

1408 

-68-6io« 

(1  06,  976) 

c 

2449 

-141“ 

(106) 

aq. 

2308 

mix. 

(106) 

c 

3330 

-164 

(106) 

577 

—  1 1 1 4 

1 1  KBr<  ion) 

(106) 

4200 

533 . 6 

mix. 

(106,  10  12 

c 

877 

—  25k  Br  !«•> 

(1  0  6,  976) 

c 

962 

-40.8!8 

660 

(106,  976) 

4400 

910 

mix. 

(106,  101  2 

660 

921 

mix. 

(976) 

4800 

1661 

mix. 

(1012) 

c 

444 

4*aq. 

(106) 

c 

731 

+  aq. 

(106) 

c 

778 

—  41. 0*  * 

6u0 

(976) 

600 

737 

Hfl  K I 

(976) 

aq. 

1048 

Hfflt  4-  K I 

(109) 

aq. 

1980 

IIkIj  -f  KI 

1  109) 

400 

-  137 

mix. 

1  009) 

c 

52 

-59 

1  >06) 

600 

—  7 

mix. 

(140) 

c 

184 

-38 

;  |  09) 

500 

146 

mix. 

109) 

c 

476 

-43 

1000 

—  126 

mix. 

1 

600 

565 

mix. 

(109) 

SOO 

1402 

mix. 

C10*> 

1200 

1  3075 

mix. 

(If*) 

206 
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Formula 


State 


KBr.Hg(CN)j . 

KBr.Hg(CN)2.1  IHjO 

KBr.2Hg(CN)j . 

2KBr.IIg(CN)a . 

•I  KBr.Hg(CN)i . 

8KBr  Hg(CN)a . 

KI.HgCCNJj . 


KI.HK(CN)i.iH20. 

KI.2HgtCN)2 . 

2Kl.Hg(CN)a . 

4KI.Hg(CN)5 . 

8KI  Hg(CN)s . 

KCl.CuCL . 

2KCl.CuCl . 


Potassium. 

c 

500 

c 

1000 

600 

800 

.  .  1200 
c 

500 

c 

1000 
600 
800 
1200 


2KC1.CuC12 . 

2KC1.CuC12.2H20. 


K2SO,.CuSO,(a)(prepared 

below  130°)  . 

K!SO<.CuSO<(fl)(preparcd 

bet-  180-200°)  . 

KaSOuCuSOufu-od) . 

K2SO1.CuSO4.2H2O . 

K2SO1.CuSO1.6H2O . 


K2Cu(C03)2(y,.  • 
K2Cu(C03)2in). 
K2Cu(C03)2(IV). 

KI.AgI . 

KI.AgI.iH20  . 
2KI.AgI.iH20.. 

3KI.AgI . 

3KI.AgI.iH2O.. 
KAg(CN)2 . 


K2Ag(CNB. 
KAu(CN)2.  . 
K2IrCl6 . 


KsIrCU 

KoPtCli 

KaPtCU 


KjPtBri 

KaPtBro. 
KaPdCli. 
KaPdCU 
KaPdBn. 
KMnOi  . . 


KFe(SOi)2 . 

KFe(SOi)2.12H50. 
K2Fe(S0i)2.4H20. 
KaFc(S0i)2.6H20 . 
KjFe(CN)o . 


KiFe(CN)«. 


KiFe(CN)..3H20. 
K.FeCO(CN),. ... 


c 

500 

1200 

aq. 

c 

aq. 

c 

c 

aq. 

c 

aq. 

c 

aq. 

c 

aq. 

c 

aq. 

c 

aq. 

aq. 


600 

aq. 

c 

c 

c 

c 

aq. 

c 

aq. 


K.FeC0(CN)s.3!H20.. 


aq. 

c 


<?,  kj  1 

Method 

Lit. 

— ( Continued. ) 

151 

—  50 1 4 

(106)  1 

102 

mix. 

(106)  | 

584 

—  53 1 4 

1  06,  1  009)  J 

-  170 

mix. 

(106)  ] 

475 

mix. 

(106) 

1222 

mix. 

(106)  ] 

2714 

mix. 

(106) 

97 

-50“ 

(106) 

47 

mix. 

(106) 

171 

—  5214 

(106) 

-  224 

mix. 

(106) 

360 

mix. 

(106) 

980 

mix. 

(106) 

2216 

mix. 

(106) 

662.7 

14  916 

^1022) 

1016 

KCl  + 
CuCl;* 

(246) 

1103.2 

-5-9800 

(226) 

1696 

-26'7800 

(226,  360, 

1022) 

2164 

40-6COO 

(810,  976) 

2179 

26 

(360.5,  808) 

2169 

35.2 

(458,  808) 

2782 

-4-86'oV& 

(261,*  976) 

3978 

-5G-48080 

(355,  360.5, 

4  58,  8  1  0) 

1788 

49.5hC1 

(814) 

1777 

60.5HC1 

(814) 

1786 

51.9hC1 

(814) 

408 

+  aq. 

(112) 

627 

+  aq. 

(112) 

865 

+aq. 

(112) 

1071 

+  aq. 

(112) 

1193 

+  aq. 

(112) 

28 

-35-6Uo 

(55,  113) 

-  7 

KCN+AgCN 

(140,  1011) 

KCN  + 

101 

AgCN 

(140,  1011) 

26 

AuCl-f-KCN  (g) 

(1  078) 

117o 

dissoc.* 

(451,  453) 

1117 

-  13“ 

(453) 

153o 

KjIrCU  +  Co 

(453,  4  54) 

1066 

-50.7;  & 

(976) 

1015 

-f  Co ;  & 

(976) 

1254 

NaaPtCle  + 

(976) 

KCl;  & 

1198 

-57.6 

(976) 

925 

-44.2 

(976) 

881 

+  Co;  & 

(81  6,  976) 

1040 

-51.3;  & 

(976) 

988 

-{-Co;  & 

(976) 

1094 

-57-°'s900 

(976) 

1037 

+  Co;  & 

(556,  976) 

1214 

-63 

(976) 

1151 

+  CuCl;  & 

(976) 

872 

Pd  +  KBr  + 

(556) 

Br2 

813 

—  43.5J®  ;  <S. 
1000’ 

(55,  723,  976) 

769 

-f-  H202;  & 

(68,  976) 

2038 

mix. 

(69,  976) 

5639 

-67 

(359) 

3551 

dissoc.* 

(262) 

4123 

-46 

(458) 

205 

~60Voo 

(555) 

144 

+  Br.;  & 

(555) 

551 

_52!ooo 

(55,  555,  91  0) 

499 

N 

(277,  555, 

743) 

1427 

—  69 17 

1000 

(55,  910) 

598 

—  0917 
~  2200 

(746) 

576 

N 

(746) 

1623 

—  4618 

2200 

(746) 

Formula 


Q,  kj 


I  State 

Potassium. — ( Continued ) 


Method 


Lit. 


K2CrOi, 

KaCrOi 


(IF 


ill)’ 


KoCraO? 


KOCrClOj. 

KoCrjOio .  .  . 


KCr(SOi)2.  . 
KNHiCrOi. 


K2M0O4 . 
K2M0O5. 


2KCl.UO2Cl2.2H2O. 

KVOs . 

KVOi . 

KVOs . 

3KF.AIF3 . 


3KF.AlF3.3iH20. . 

KCl.AlCls . 

3KC1.A1CU . 

3KC1.2A1CU . 

KA1(SOi)2 . 

KAl(S0i)2.12H20 
KCI.AICI3.6NH3.  . 
K2O.AI2O3.4S1O2.  . 


K2O.  Al203.6Si02iadularia) 
K2O.AI2O3.- 

6Si  0  2(  tnicrorline) . 


KCl.MgCl2(melt)  •  * 
KCl.MgCl2.6H2O. 
2KC1.  MgCRmelt)  ■ 

4KCl.MgCl2 . 

K2MgtSOi)2 . 


K2Mg(.S0i)2.2H20 

K2Mg(S0i)2.4H20- 

K2Mg(SOi)2.5HjO 

K2MgCSOi)2.6H20 


2KCl.CaCl2(melt) . 

K2SO1.CaSO1.H2O . 

K2SO1.5CaSO1.H2O . 

KCaFeC0(CN)s.5H20. . 

KjSOi.SrSOi . 

K  I.LlCl(melt) . 

NaK . 

NaKj . 

NaKi . 

Na2K . 

KNaCiHiOs. . 


KNaCiHiO.AIHO 

3KCNS.NaCNS 


aq. 

-  364 

N 

(555) 

aq. 

-  259 

N 

(277,  743) 

aq. 

-  109 

N 

(555) 

aq. 

6 

N 

(277,  555, 

743) 

aq. 

247 

N 

(277,  55S, 

743) 

aq. 

166 

Ni(CN)2  + 

(10U) 

KCN 

c 

Tr.;  17.0*^ 

(1091) 

c 

1379 

—  22.0640 

(458,  733) 

800 

1357.2 

N 

(976) 

c 

2016.0 

-73.0;*  „ 

1000 

(1  20,  4  5  8,  7  33, 

934,)  976) 

05 

1939.1 

dil 

1200 

1942.9 

N 

(1  1  9,  122, 

899,  976) 

1000 

1943.0 

dil. 

(9*4)) 

500 

1945.4 

dil. 

250 

1947.7 

dil. 

166 

1949.1 

dil. 

sat. 

1953.3 

dil. 

c 

1016 

19.5wxi 

(733) 

c 

2584 

-59 

(458) 

aq. 

2525 

N ;  analogy 

aq. 

2274 

+  KOH 

(122,  976) 

c 

1263 

—  22aso 

(899) 

600 

1241 

N 

(^899) 

aq. 

1524 

N 

(785) 

aq. 

1808 

K2M0O4  + 

(785) 

H2O2 

c 

2764 

-16 

C) 

aq. 

1318 

+  H2O2 

(821) 

aq. 

1258 

+  H2O2 

(821) 

aq. 

1196 

ions 

c 

3217 

+  HF 

(32) 

aq. 

3232 

+  HF 

(32) 

c 

4322.7 

AlFj  +  KF 

(32) 

c 

1190 

252  °800 

(32) 

c 

2082 

195. 2  j  ^00 

(32) 

c 

2833 

469  0io‘oo 

(32) 

600 

2549 

+  KOH 

(976, 

c 

6026 

-42.3'*  „ 
1200 

(359,  976) 

c 

1984 

-12.7 

(32) 

c 

5789 

+  HF 

(740) 

gls. 

5700 

+  HF 

(740) 

c 

7579 

109420%  HF 

(740) 

c 

7466 

+  HF 

(740) 

gls. 

7345 

132820%  HF 

(740) 

0 

1091 

118<» 

^1 57.5) 

c 

2939 

-12.9“ 

(1 57.5) 

c 

1530 

98“ 

(157.5) 

c 

2407 

56“ 

(157.5) 

c 

2690 

Klo 

(1  57.5,  804 

8  1  0,  9  76) 

c 

3303 

38«o 

(976) 

c 

3922 

dissoc.;*  & 

(262) 

c 

4200 

34  ‘  8  800 

(976) 

c 

4493 

—  41.9 ' * 

600 

(458,  810 

I  97S) 

c 

1684 

2514 

'  (1  57  5) 

c 

3133 

-30.2 

(30) 

c 

8809 

3.0 

(30) 

c 

1859 

+  O2 

(622) 

c 

2844 

—  26.  liooo 

(30) 

c 

737 

14  .Oi«o 

(45) 

liq. 

8 

368.8 

(558) 

liq. 

25 

546.7 

liq. 

22 

743 

liq. 

5 

559 

c 

1740 

7.8 

(36) 

aq. 

1732 

N 

(56, 

c 

2928 

-50.8 

(56,  247,  359) 

c 

844 

-150.7 

(1023) 
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Formula 

State  | 

Q.  kj  | 

Method 

Lit. 

Rubidium’ 

Kb . 

C 

0 

Def. 

Kb* . 

CO 

256 

RbCl 

RbjO . 

C 

347 

3351* 

(41,  8  5  3,  854 

KbiOj . 

C 

448 

H 1SO4 

(«i9) 

Kbi04 . 

C 

665 

analogy 

(419) 

RbOHos) . 

C 

423.5 

59  7no 

(397) 

RbOH(a) . 

C 

Tr.;  7.1 7 46 

(SIS) 

100 

483.9 

Rb  +  HjO 

(41,  854) 

3.18 

472.9 

dil. 

(40S) 

RbOH.  (HjO)o.«n . 

c 

321!?o 

(397) 

RbOU.HjO . 

c 

754 

I01lfo 

(397) 

RbOH.2HjO . 

c 

1058.5 

-2'7uo 

(397) 

RbF . 

c 

557.9 

24-3i:o 

(411) 

400 

582 . 2 

N 

(414) 

RbF.lH.O . 

c 

661.6 

15 • 7i 10 

1.4  1  3  ) 

RbF.iJHjO . 

c 

1014.0 

— 2.615 

110 

(413) 

RbHI'j . 

c 

919.4 

—  22. 215 

110 

(414) 

400 

897.3 

N 

(414) 

ItbCl . 

c 

439 . 3 

-17.7*1 

400 

(399,  493, 

1  073) 

400 

420.7 

N ;  analogy 

RbBr . 

C 

402 

—  24 . 9 1 5 

110 

(411) 

400 

375 

ions 

RbBrj . 

C 

381 

dissoc.* 

(336*) 

RbBrCli . 

c 

437 

dissoc.* 

(336*) 

RbBrjCl . 

c 

421 

dissoc.* 

(336*) 

Rbl . 

c 

338 

—  27. 21 5 

110 

(411) 

aq. 

311 

ions 

Rblj  . 

c 

285 

dissoc.* 

(3  3*  t) 

RbIClj . 

c 

421 

dissoc.* 

(336  t) 

Rbl  Bn . 

c 

364 

dissoc.* 

(3  36  |) 

RbjS . 

c 

367 

103 

(8  56) 

aq. 

470 

N 

(856) 

RbiSO* . 

c 

1422.8 

— 27.918 

220 

(399) 

440 

1395.5 

N 

(399) 

RbHSO* . 

c 

1147.1 

(399) 

330 

1131.3 

N 

(399) 

RbI.4SOt . 

c 

1666 

dissoc.* 

(342*) 

RbNOjdi) . 

c 

500.6 

-36-7«o 

(493) 

RbNOni) . 

0 

Tr.;4.4{*4, 

(234) 

200 

464.5 

ions 

RbBr.3NH  J . 

o 

629 

dissoc.* 

(1  *  7  t) 

RbI.6NH  j . 

c 

801 

dissoc.* 

C*7t) 

RbiCOj . 

c 

1146 

36.6 

(402) 

aq. 

1183 

N 

(402) 

eat. 

1179.0 

dil. 

(405) 

RbjCOj.HiO . 

c 

1457 

12. 016 

110 

(405) 

RbtCOi.l  JH»0 . 

c 

1612 

-°8no 

(405) 

RbiC0..3JH,0 . 

c 

2199 

-151no 

(405) 

RbHCOi . 

c 

965 

-19'8lfo 

(264, f  406) 

aq. 

945 

N 

(405) 

4  Rb?COj.COj.5iHiO. 

c 

6758 

-32.3 

(4»7) 

RbCNS . 

c 

238 

—  60 

analogy 

aq. 

179 

ions 

9RhP\S  SO* 

c 

571 

dissoc.* 

(342*) 

2RbCl  ThCl( . 

c 

2401 

81 

(26.) 

2RbCl.ThC1.9H,0  . ... 

c 

5046 

11 

(26.) 

1RKPI  TliPli 

3208 

115 

(26.) 

9RKCI  PiiCl. 

c 

1116 

-12.8“ 

(22.) 

2RbCl.CuClj.2H,() 

c 

1720 

—  44.5** 

800 

(21.) 

Cesium6 


. 

c 

0 

Def. 

. 

00 

200 

CsCl 

CbjO . 

c 

344 

348“ 

800 

(4  4,  8  53,  8  54  ) 

•  IlbCl  +  KC1;  heat  of  solution,  (•*•).  RbiSCH.CuSO*  0IIjO.  heat  of 
dissociation  (*«*).  RbiSO*.  double  salts  with  CdSO»,  MnSO«,  CoSOt,  ZnSO», 
NiSO*.  MgSO*.  heat  of  dissociation  of  hydrate  (*•*). 

t  CsCN'8.  'SOt,  heat  of  dissociation  (J41).  Cs18O4.CuSO4.6H1O,  heat  of 
dissociation’^*'-  *•*).  CsjSO*.  X  SO.OH.O,  X  -  Cd,  Mn,  Co.  Zn.  Ni.  Mg; 
heats  of  dissociation  (>**).  CsAuCl.,  heat  of  dissociation  (7*°-‘). 


Formula  State  (J.  kj  Method 


CbjOi . . .  . 
CeOH(0) 
CsOH(a) 


CsOH.HiO 
CsF . 


CsF.sHjO 
CsF.  1  j  IIjO 
CsHFj . 

CsCl(fl) 

CsCl(a)... 


CsBr.  .  .  . 

CsBrj . 
CsBrCli 
CsBrjCl 
Csl . 

Csli. . . . 
CsICls . . 
CsIBr,. 
CsIjBr. 
CsjS . . . . 

CaiSO* .  . 
C8HSO4 


CsI.4SO« . 
CsNOj 
CsNOi 


til)' 


d)  - 


CssCO, 


CsiCOj.SjHiO . 

CsHCO. . 

6CsjCO».COj.11HjO  . 
0CsjCOi.CO1.18;h1O 

CssThCU . 

CsjThCl«.8HiO . 

Cs4ThCl» . 

2CsCl.CuClj . 

2CsCl.CuCli.2HjO. . . 

CsI.iICl((nelt) . 

CsNalCl(mclt) . 

CsKICl . 


Cesium. — 1  Continued  j 


c 

576 

138H-SO,  1*00) 

409) 

c 

419.6 

88  7!  10 

42,  397  ) 

c 

Tr,  7.4 777 

(515) 

400 

488.9 

Cs  +  HjO 

44,  854 

sat . 

476 

dil. 

4  08) 

c 

756 . 4 

180  no 

(J97) 

c 

552 . 3 

350no 

(401  ) 

400 

5S7 . 5 

ions 

C 

760  5 

17'7no 

(4IJ) 

C 

1012.6 

4. 116 

110 

(.11, 

C 

918.1 

-  15.6 

(*'4) 

aq. 

902  5 

N 

4.4»4, 

c 

445.6 

-19.2'* 

220 

42,  399,  493  ) 

c 

Tr.;  5.6(g) 

(1071) 

gas 

243 

_  c* 

(166) 

400 

425.89 

N 

200 

426.15 

dil. 

(4  6  70 ) 

100 

426.62 

dil. 

50 

427.40 

dil. 

C 

407.9 

-28.2;6o 

(199) 

aq. 

380 

ions 

C 

388 

dissoc.* 

(336*) 

c 

442 

dissoc.* 

(116.) 

C 

425 

dissoc.* 

(116.) 

C 

350.5 

-34.515 

no 

(199) 

aq. 

317 

ions 

C 

300 

dissoc.* 

(336*) 

c 

428 

dissoc.* 

(316.) 

c 

372 

dissoc.* 

(336.) 

c 

357 

dissoc.* 

(336.) 

c 

366 

114 

(856) 

aq. 

480 

N 

(8  56) 

c 

1427 

-*>•*& 

(399) 

440 

1406 

N 

(399) 

c 

1152 

(399) 

220 

1137 

N 

(399) 

c 

1693 

dissoc.* 

(342.) 

c 

509.7 

-40-2”o 

(491) 

c 

Tr.;  3.5'“ 

(7  3  4  *) 

400 

469 . 50 

ions 

200 

471.08 

dil. 

(8670) 

100 

472.22 

dil. 

60 

473.49 

dil. 

c 

1143.1 

(4<>2) 

aq. 

1193.6 

N 

(402) 

sat. 

1192.8 

dil. 

(4«2) 

c 

2209 . 3 

-15.1“ 

(405) 

c 

968 

-  18“ 

(262,*  406) 

aq. 

950 

N 

(40‘> 

c 
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INTERNATIONAL  CRITICAL  TABLES 


PARTIAL  AND  TOTAL  HEATS  OF  FORMATION  OF  AQUEOUS  SOLUTIONS 


F.  Russell 

ABBREVIATIONS  AND  SYMBOLS 


Tl  Mole  fraction  of  II20  (“solvent”). 

xi  Mole  fraction  of  solute. 

N  X'- 

Xi 

%  Weight  per  cent  solute. 

_  H  Total  heat  of  formation  of  solute  in  solution,  from  its 
elements  in  their  standard  states  at  the  same  tem¬ 
perature  (v.  p.  169). 


-Hi 


-H , 


dH 

dXi 

dH 

dXi 


To  calculate  the  heat  of  any  reaction  involving  these  solutions 
at  constant  T  and  p,  proceed  as  in  the^case  of  pure  substances 
but  use  partial  heat  of  formation  H ,  instead  of  heat  of 
formation  H . 

Example:  To  compute  the  heat  of  the  following  reaction  at 


BlCIlOWSKY 

60°C:  NHj  +  4H20  (in  solution)  =  O.4NH3  +  3.6H20  (in  solu¬ 
tion)  +  O.6NH3  (gas)  +  0.4H2O  (vapor). 

From  the  table  we  find : 

76.59  +  4  X  28542  =  0.4  X  78.68  +  3.6  X 

284.83  +  0.6  X  46.566  +  0.4  X  242.3s  +  H 

Hence  H  =  36.61  kilojoule.  For  further  details,  v.  Lewis  and 
Randall,  Thermodynamics  (1923),  Chapters  4,  7,  and  8. 

Heat  of  Neutralization  of  Strong  Acids  and  Bases  at  20°( 
The  solutions  contain  1  mole  per  100  mole  of  H20  in  each  case. 
The  values  tabulated  are  joule/equiv.,  on  the  assumption  that 
lg-caUo  =  4.181  joule  (Richards  and  Rowe,  1,  44:  684;  22). _ 


LiOIIioo  |  NaOHioo  |  K()HIOo 


Q 

dQ/dt 

Q 

dQ/dt 

Q 

dQ/dt 

HCI100  . 

58  254 

-231.6 

58  095 

-220.3 

58  593 

-202.4 

HBr,0o . 

58  572 

57  878 

58  484 

HI100  . 

58  220 

57  614 

58  179 

HN03  . 

57  961 

-224.1 

57  852 

-211 . 1 

58  894 

-188.6 

— 

HC1 


x2  =  HC1 

gas 

Xi 

N 

% 

0.3 
2.33 
46  5 

0.2 

4.0 

33.6 

0.1 

9.0 

18.2 

0.05 

19.0 

9.63 

0.02 

49.0 

4.00 

0.01 

99.0 

2.00 

0.005  I 
199.0 

1.00 

0.0 

OG 

0.0 

Xi  = 

H20 

gas 

liq. 

92.157a 

-H 

144.4 

152.3 

158.84 

160.9s 

162.5o 

162.84 

162.8o 

162.46 

241 .89 

286.84s 

-Hi 

126.8 

140 . 6 

154.84 

158.6s 

161. 62 

162.54 

162.88 

162.46 

0°C 

-Hi 

294.37 

289.77 

287.28s 

286.97o 

286.865 

286.851 

286 . 7223 

286.84s 

92.1956 

-H 

144.4 

152.46 

159.87 

162.650 

164.295 

164.826 

165 . 64 

165.85 

241.98 

286  103 

-Hi 

126 .  s 

139.90 

153.7i 

159.846 

163.290 

164.198 

165.39 

165 .85 

20°C 

-Ih 

293  62 

289.242 

286 . 76o 

286.250 

286.1222 

286.1096 

286  1046 

286.103 

92.2332 

-II 

144.8 

153.3s 

161.33 

165.06 

166.73 

167.57 

168.32 

169.1 

242.10 

285 . 45o 

-Hi 

126.4 

139.1s 

154.47 

161.7i 

165 .60 

166.73 

167.6s 

169.1 

40°C 

-Hi 

293 . 4 

289.02 

286.183 

285.617 

285.4727 

285.458 

285.4538 

285 . 45o 

92.2667 

-H 

145.6 

154.0 

162.8s 

166 . 69 

168. 61 

169.37 

169.9i 

172.0 

242.35 

284.79s 

-Hi 

126.0 

138.9 

156.1o 

163.13 

167.4o 

168.4s 

169.07 

172.0 

60°C 

-Hi 

293  n 

288.5s 

285.551 

284  986 

284.8236 

284  80s 

284.802 

284.79s 

H:SO, 


Xi  =  H2SO< 

liq. 

Xi 

N 

% 

1 .00 

0.00 

100.00 

0.80 

0.25 

95  6 

0.60  | 
0.6667 
89.1 

0.50 

1 .00 
84.5 

0.40 

1.50 

78.4 

0.20 

4.00 

57.8 

0.10 

9.00 

37.66 

0.05 

19.0 

22.29 

0.002 

499.00 

1 .04 

0.00 

CO 

0 

x  1  =  H2G 

liq. 

794.581 

-H 

794.56 

802.35 

814.61 

822.77 

830.30 

848.97 

858.64 

862 . 40 

870.40 

885.25 

286.848 

-Hi 

794.56 

794 . 94 

796.87 

802 . 68 

812.10 

832.61 

847.17 

860.39 

867.26 

885.25 

0° 

-Ih 

320 . 45 

318.06 

313.50 

306 . 93 

298 . 98 

290 . 94 

288.14 

286.97 

286.852 

286  848 

794.049 

-II 

794.06 

803.27 

813.73 

830 . 68 

830.01 

849.30 

857.17 

864.12 

871.99 

884.08 

286.103 

-Hi 

794.06 

795.40 

796.57 

801.97 

810.89 

832.52 

846.21 

860.52 

868.43 

884.08 

20° 

— Hi 

320 . 57 

317.47 

312.45 

306.43 

298.85 

290.31 

287.34 

286 . 25 

286.112 

286  103 

793.51s 

-H 

793.52 

803 . 73 

813.61 

821 .81 

829.80 

849 . 64 

855.79 

864.24 

873.58 

882.91 

285.450 

—Hi 

793 . 52 

795  90 

796.28 

801 .22 

809.71 

832.44 

845.16 

860 . 65 

869 . 60 

882  91 

40° 

—Hi 

321.12 

316.97 

311.49 

306.01 

298.85 

289 . 77 

286.63 

285 . 63 

285.459 

285.450 

792.986 

-H 

792  97 

804.27 

812.77 

821.35 

829.55 

845.83 

854.28 

864.37 

875.13 

881 .78 

284.798 

-Hi 

792 . 97 

796.36 

795 . 99 

800.51 

808 . 50 

832.35 

844.24 

860.77 

870.73 

881.78 

60° 

—Hi 

320.91 

316.47 

310.57 

305.63 

298.81 

289 . 23 

285 . 92 

285.00 

284.806 

284.798 

791 .919 

-H 

791.93 

805.28 

812.14 

820.39 

829.01 

850 . 60 

851 .48 

862 .86 

878.31 

879 . 44 

283 . 500 

-Hi 

791.93 

797.28 

795 . 40 

799.04 

806.07 

832.19 

842.27 

861 .23 

873.07 

879.44 

100° 

-Hi 

321 .28 

315.47 

308 . 64 

304 . 84 

298.81 

288.10 

284.54 

283 . 70 

283.513 

283 . 500 

789.257 

-Hi 

789.3 

807.7 

809.8 

818.2 

827.8 

852.5 

845  0 

861 .7 

886.4 

873.62 

280  23 

-Hi 

789.3 

802.3 

793.9 

795 . 6 

800.2 

831.6 

837.4 

861 . 7 

878.9 

873.62 

200° 

-Hi 

322  54 

312.95 

303.87 

302.83 

298 . 68 

285.84 

280 . 98 

280.39 

280.23 

280.23 

786  59 o 

-H 

786.8 

810.2 

807.3 

816 . 5 

825 . 7 

854  20 

836.6 

860  9 

893 . 9 

868  0 

278.09 

-Hi 

786  8 

801 .8 

792  6 

791  .8 

793  9 

831.1 

832  4 

862 . 1 

884.7 

868  0 

300° 

-Hi 

330.2 

311.4 

300  1 

1  301.7 

|  300.1 

2S3.7 

278.7 

277.0 

278 . 09 

278.09 
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NH, 


-  NH, 


Ra#  liq. 


495 1  j  67.337 
0°C 

45.867#  j  66.03» 
20° 

46.2191  |  64.909 

40° 

46.566s  63.319 

60° 

47.2109  60.892 

I 

100° 


X- 

0. 

0. 

4 

0. 

3 

0. 

2 

0. 

1 

0. 

05 

0. 

02 

0 

01 

1 

l 

5 

2. 

333 

4 

9 

19 

49 

99 

% 

48. 

59 

38 

66 

28 

84 

19 

16 

9 

50 

4 

74 

1. 

92 

0 

946 

-  // 

76 

1  7 

78 

6  8 

79 

724 

80 

64  a 

81 

27  a 

81 

69 1 

81 

942 

81 

566 

— 

69 

89 

75 

3a 

77 

21a 

79 

306 

80 

60a 

81 

356 

82 

90s 

84 

9« 

—  If  1 

293 

0 

289 

02 

288 

3o 

287 

1  7 

286 

96 1 

286 

85? 

286 

827 

286 

81s 

-// 

73 

2# 

77 

Oo 

78 

72o 

79 

51a 

80 

31o 

80 

51» 

80 

68? 

80 

77 1 

—  fjl 

66 

1  2 

72 

82 

76 

1  7 

78 

092 

79 

682 

80 

31  o 

80 

64  a 

80 

77 1 

—  If  l 

293 

4 

289 

lH 

287 

Is 

286 

459 1 

286 

170  a 

286 

114# 

286 

1067 

286 

103  s 

-  // 

70 

7a 

76 

2 

78 

17# 

79 

097 

79 

80s 

80 

059 

80 

14a 

80 

185 

—  // 

62 

7k 

71 

1  5 

75 

3a 

77 

67  a 

79 

30# 

79 

97a 

80 

10» 

80 

1638 

—  // 1 

293 

4 

289 

la 

286 

7 

285 

806 

285 

50  s 

285 

45s 

285 

451s 

285 

4. >09 

-  // 

75 

3  a 

77 

54  s 

78 

469 

79 

13s 

79 

30# 

79 

348 

79 

389 

—  Ih 

69 

.47 

74 

07 

76 

f)9 

78 

68 

79 

264 

79 

,34  s 

79 

,38» 

286 

25 

285 

42 

284 

83 1 

284 

7997 

284 

.797 

284 

797 

-  // 

(76 

79) 

(77 

42) 

(77 

4s) 

(77 

.42) 

(77 

.  42) 

(77 

.84) 

—  u-> 

(72 

4o) 

(75 

3s) 

(77 

0l) 

(77 

.42) 

(77 

.42) 

(77 

.  84  ) 

-//■ 

(288 

3) 

(286 

a) 

(284 

,2o) 

(288 

35) 

(284 

.  1 5s ) 

(284 

.  15a ) 

0  00 
« 

0  0 
81.231 
81.231 
286.84# 
80 . 77i 
80 . 77i 
286.103s 
80. 18s 
80. 18s 
285  45o 
79  13i 
79  43i 
284.797 
(77  8«) 
(77  8#) 
(284  15s  > 


Xl 


Ras 


241  89 


24 1 . 97 

242.1o 


242.3s 


(242.9o 


-  H;U 

liq. 

286 . 84  s 


286  IDs 

2.85  45o 


284  79s 


(284  1 5s 
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THERMAL  CONDUCTIVITY:  GASES  AND  VAPORS 

T.  H.  Laby  and  E.  A.  Nelson 


Thermal  conductivity,  k,  is  defined  by  the  relation 
d  Q  .  .  ,  (10 


d  t 


=  —  k  dxd y 


d  z 


where  dQ/dt  is  the  time  rate  at  which  heat  is  conducted  in  the 
direction  of  the  temperature  gradient,  de/dz,  across  a  parallel  slab 
of  area  dx  •  dy. 

Theory. — <See  (1>1i  1-2>  22-1>  22-2i. 

Useful  Formulae—  The  relation,  k  =  fyc,  exists  between  the 
thermal  conductivity,  k,  the  viscosity,  y,  and  the  specific  heat  at 
constant  volume,  c„,  where  /  is  “constant,  e.g.,  k<zy  it  the 
temperature  varies.  /  depends  on  the  number  of  atoms  in  the 
molecule:  for  diatomic  gases  f  —  ca.  1.75;  for  triatomic  ca.  1.4, 
for  monatomic  2.5,  which  is  the  theoretical  value  for  spherically 
symmetrical  molecules  (13). 

'  Accuracy  of  Values  of  U— The  experimental  determination  of  the 
thermal  conductivity  of  gases  is  subject  to  very  large  error.  I* or 
example,  the  19  determinations  of  k  for  air  deviate  on  the  average 
from  the  weighted  mean  (given  below)  by  7  per  cent.  I  he  number 
of  observers  whose  observations  were  used  in  deriving  the  weighted 
means  which  follow  is  equal  to  the  number  of  literature  citations, 
excluding  (8). 

Unite.— In  all  of  the  tables  of  this  section  the  thermal  conduc¬ 
tivity,  k,  is  expressed  in  kilo-erg  cm  -  sec  1  (  (  .  cm 

Conversion  Factors.— I  [kilo-erg  cm"1  sec"1  (°C,  cm"1)"1]  =  1°  * 
[joule  cm-*  sec"*  (°C,  cm-‘)-*l  =  0.239  X  10-  [cal  cm-  sec- 
(°C,  cm-)-]  =  0.192  X  10-  [BTU  ft.—  sec-  (  F,  in.  )  !• 
See  further  Vol.  I,  P-  10- 


A-Table.— 

-Elementary  Substances  and  Atmospheric  Air 

Formula 

t,  °C 

k 

Lit. 

A . 

0 

1.58 

1  6,  7,  18,  26,  36) 

Cl2 . 

0 

0.718  i 

(7) 

H,.  ... 

0 

15.9 

4,  6,  7,  8,  10,  1  1,  1  7,  22,  23,  30,  36, 
38,  4  4 )  ;  r/.  (10-5»  24.5,  49  | 

He . 

0 

13.9 

,  6,  7,  8,  26,  36) 

Hg . 

203 

0.772 

(24) 

Nj . 

o 

2-28 

(6,  7,  1  1,  33,  36,  38) 

Ne . 

0 

0.444 

(1,  36,  37) 

0, . 

0 

2.33 

1  6,  7,  1  1,  31,  33,  36,  38) 

S . 

Station 

l’s  data  (29)  at  various  temperatures  appear 

not  to  be  comparable  with  the  data  in  this  and  the 
following  tables. 

Air . 

2.23 

(2,  3,  4,  8,  9,  10,  13,  1  7,  18,  20,  23, 

0 

26,  29,  30,  33,  36,  38,  44,  45,  46  ; 
cf  (10.5,  24.5,  49 

!&-Table. — Chkmk  u.  Gump  >r\i> 

Formula 

1  t,  °C 

k 

Lit. 

HjO . 

100 

2.17 

(19) 

SO, . 

0 

0.768 

(7) 

H,S . 

0 

1.20 

(7) 

N,0 . 

0 

1.44 

(7,  31,  36,  38) 

NO* . 

0 

2.08 

(7,  33,  38) 

214 
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&-Table. — Chemical  Compounds. — ( Continued ) 


Formula 

t,  °c 

k 

Lit. 

NO, . 

55 

4.01 

(33) 

Nils . 

0 

2.00 

(7,  22,  40,  47);  cf.  (4.5) 

CO . 

0 

2.15 

(7,  16,  19,  31,  38) 

CO, . 

0 

1 .37 

(4,  6,  7,  10,  1  7,  23,  29,  31,  33,  36 
38,  44,  47) 

ecu . 

100 

0.807 

(19) 

cs, . 

0 

0  636 

(7) 

*  Observed  value  reduced  to  0°  by  Sutherland’s  formula,  using  C  =  195  from 
viscosity  data. 


(D-Table 


Formula 

Name 

t,  °C 

k 

Lit. 

CHCls 

Chloroform . 

0 

0 . 608 

(19) 

CHjCl, 

Methylene  chloride . 

0 

0.615 

(19) 

CH3Br 

Methyl  bromide . 

0 

0 . 574 

(19) 

CH3CI 

Methyl  chloride . 

0 

0.841 

(19) 

CH3I 

Methyl  iodide . 

0 

0.433 

(19) 

CHi 

Methane . 

0 

2.94 

(7,  31,  36, 
38,  48) 

CH40 

Methyl  alcohol . 

0 

1.32 

(19) 

CH5N 

Methylamine . 

6.5 

1.51 

(14) 

c2h2 

Acetylene . 

0 

1.73 

(7) 

c,h4 

Ethylene . 

0 

1.64 

(7,  16,  31, 

38  ^ 

C2H6Br 

Ethyl  bromide . 

4.6 

0.685 

(19) 

C2H6CI 

Ethyl  chloride . 

0 

0.873 

(19) 

C2H5I 

Ethyl  iodide . 

0 

0.571 

(19) 

c2h6 

Ethane . 

0 

1 .80 

(7,  19,  48) 

c2h6o 

Ethyl  alcohol . 

100 

1.96 

(I9) 

C2HvN 

Dimethylamine . 

6.5 

1.40 

(14) 

c2h7n 

Ethylamine . 

6.5 

1.34 

(14,  22) 

c3h6o 

Acetone . 

0 

0.906 

(I9) 

C3H602 

Methyl  acetate . 

0 

0.938 

(I9) 

c3h9n 

Propylamine . 

6.5 

1.19 

(14) 

C3H9N 

Tri  methylamine . 

6.5 

1.30 

(14) 

C4H.0* 

Ethyl  acetate . 

100 

1.52 

(19) 

C4H,oO 

Ethyl  ether . 

0 

1.21 

(1  9,  22) 

C4H,iN 

Diethylamine . 

6.5 

1.20 

(14) 

C4H11N 

Isobutylamine . 

6.5 

1.18 

(14) 

C6Hl2 

n-Pentane . 

0 

1.16 

(I®) 

C6H,2 

Isopentane . 

0 

1.15 

(I9) 

05H 13N 

n-Amvlamine . 

6.5 

1 . 11 

(14) 

c6h6 

Benzene . 

0 

0.825 

(19) 

C6H,2 

n-Hexvlene . 

0 

0.962 

(19) 

C6H,2 

Cyclohexane . 

101.8 

1.64 

(19) 

c6h14 

n-Hexane . 

0 

1.03 

(19) 

C6Hi6N 

Di-n-propylamine . 

6.5 

1.02 

(14) 

c6h16n 

Triethylaminc . 

6.5 

1.06 

(14) 

Gas  Mixtures 

%  =  volume  %  of  first  named  constituent.  The  values  of  k  in 
italics  are  taken  from  the  A-Table 


A  +  He  (34)  Q°C 


% 

k 

0 

13.9 

5.39 

12.29 

15.32 

9.700 

54.63 

4.503 

72.96 

3.100 

100 

1.58 

A  +  N, 

(36)  o°C 

0 

2.366 

21.961 

2. 189 

A  +  N2. — (Cont’d) 


% 

k 

38 . 920 

2.047 

64.130 

1.855 

79.617 

1.745 

100 

1.609 

02  +  h2 

(35)  22°C 

0 

16.8 

5.26 

15.65 

14 . 29 

13.45 

25.0 

11.49 

02  +  H  2.— (Cont’d) 


% 

k 

33.33 

9 . 922 

50.0 

7.639 

75.0 

4.649 

80.0 

4.14 

84.64 

3.84 

93.94 

2.99 

96.64 

2.72 

100 

2.49 

Nj  +  Hj  (36)  0°C 


57.4  6.150 


C02  +  H,  (36)  0°C 


% 

k 

% 

k 

% 

k 

0 

17.40 

39.318 

7 . 204 

90 . 596 

1 . 993 

5 . 705 

15.01 

63.017 

4 . 323 

92.47 

1 . 872 

16.545 

11.70 

82 . 989 

2.539 

100 

1.419 

TEMPERATURE  VARIATION  OF  THERMAL 
CONDUCTIVITY  OF  GASES 


As  k  is  not  a  linear  function  of  the  temperature, 
possible  a  Sutherland  equation, 


kx 


=  /C273 


273  +  C 
T  +C 


3A 


whenever 


has  been  fitted  to  the  observations,  where  T  is  the  absolute  temper 
ature,  and  the  value  of  the  constant  C  so  obtained  is  used  to 
compute 


273 


and  kr/kn3.  When  no  value  of  C  is  given,  no  Sutherland  equation 
would  fit  the  observations,  and  the  directly  observed  values  of 
ki/ko  or  of  kt  are  given.  In  parentheses  is  given  the  temperature 
interval  over  which  Sutherland’s  equation  may  be  applied  with 
accuracy.  If  a  is  required  for  a  gas  not  given  below,  it  may  be 
calculated  by  using  a  value  of  C  obtained  from  viscosity  obser¬ 
vations  on  that  gas. 


A-Tarle. — Elementary  Substances  and  Atmospheric  Air 


A  (6) 


t,  °C 

kt/k  0 

- 182 . 4 

0.366 

-  78.4 

0.750 

0 

1.0 

+  100 

1.31 

H,  (4, 

6,  7,  23) 

C  = 

=  94 

«o  =  0.00277 

(-252.2  to  +100°) 

-252.2 

0.067 

-200 

0.304 

-150 

0.511 

-100 

0 . 693 

-  50 

0.855 

0 

1.0 

+  50 

1.13 

100 

1.26 

He  (6,  7) 

C  =  33 
a,  =  0.00223 
(-252.2  to  +100°) 


-252.2 

0. 154 

-252.2 

0. 120 

-200 

0.399 

-150 

0 . 593 

-100 

0.749 

-  50 

0.882 

0 

1 .0 

+  50 

1.11 

100 

1.20 

*  Obs.  value;  but  kt/ko 
=  0.120  according  to 
Sutherland's  equation 
which  fits  observations 
above  —  252°. 


Hg  (24) 

O  _ 

CKl82.fi  to  216  — 


0.0074 


n2 

(6) 

n  _ 

114 

Oio  = 

=  0. 

00291 

t,  °C 

kt/ko 

( 

-191.4  to  +100°) 

— 

191 

4 

0.323 

— 

150 

0.494 

— 

100 

0.680 

— 

50 

0.848 

0 

1.0 

+ 

50 

1.14 

100 

1.27 

Ne 

(37) 

C  = 

=  45 

«0 

=  0.00235 

( 

-181.4  to 

+ 105.8°) 

— 

181 

.4 

0.452 

— 

150 

0.572 

— 

100 

0.736 

— 

50 

0.876 

0 

1.0 

+ 

50 

1.11 

105 

.8 

1.23 

o2 

(6) 

c  = 

144 

C*0 

=  0.00310 

( 

-191.4  to  +100°) 

— 

191 

.4 

0.302 

— 

150 

0  172 

— 

100 

0.664 

— 

50 

0.839 

0 

1.0 

+ 

50 

1.15 

100 

1.29 

Air  (4> 

6, 

19,  2 

3,  47  \ 

/ 

C  = 

125 

CKO 

=  0.00298 

t,  °c 

k 

i/ko 

( 

-191.1 

to  212.5°) 

— 

191 

1 

0 

316 

— 

150 

0 

485 

— 

100 

0 

674 

— 

50 

0 

844 

0 

1. 

0 

+ 

50 

1 

14 

100 

1 

28 

150 

1 

40 

212 

5 

1 

55 

32 

5 

1 

09* 

253 

2 

1 

78* 

430 

6 

2 

58* 

539 

3 

67* 

t° 

kt 

32 

5 

1 

99 

253 

2 

3 

24 

430 

6 

4 

69 

539 

6 

67 

*  These  values 

of  kt/ 

ko  calculated  from  the 
observations  of  Staf- 
ford(29)  when  plotted 
against  t,  give  a  curve  of 
opposite  curvature  to 
that  obtained  from  the 
results  of  other  observ¬ 
ers.  Caution  is  neces¬ 
sary,  therefore,  in  com- 
bining  his  observations 
with  the  others  given. 
The  values  given  in  the 
table  are  calculated  rela¬ 
tive  to  the  value  of  k in 
obtained  from  Suther¬ 
land’s  formula,  using 
C  =  125. 


THERMAL  CONDUCTIVITY  GASES  AND  VAl’ORS 


*J1 


1° 

k 

46 

1 .80 

100 

2  17 

N20  (7, 

,  47) 

t° 

kt/ko 

71.8 

0.771 

0 

1.0 

+  100 

1.45 

NO  (7) 

-71.4 

0.750* 

0 

1.0* 

*  Those*  valuos  satisfy 

Sutherland’s 

formula, 

»-Tablk. — Chemical  Compounds 
H20  (>9)  NH,  (7,  47)  CO, 

t° 

-78.4 
-50 
0 

+  50 
100 
36.  S 
282 . 1 
506 . 7 


with  C  “  105,  obtained 
from  viscosity  measure¬ 
ments. 


46 

100 

1S4 


CC1<  (19) 
k, 

0 . 656 
0.807 
1.02 


NH,  (7, 

47) 

t° 

kt/ko 

—  57 .  G 

0.744 

-  36.1 

0 . 859 

0 

1.0 

+  100 

1 . 55 

CO  (7, 

38) 

C  =  156 

«0  =  0.00316 

(-191.0  to 

+  7.5°) 

-191 

0 . 296 

-150 

0 . 465 

-100 

0 . 658 

-  50 

0.836 

0 

1.0 

+  7.5 

1.02 

C-Table 

CHjOH  (is) 

1° 

kt/ko 

0 

1.0 

100 

1.54 

1° 

36.8 
282 . 1 
506.7 
555 

*  The 


(4,  6,  29,  47) 

kt/ko 

.4  0.667 

0.782 
1.0 

1.24 
1.51 
1  .  18* 

2 . 66* 
4.62* 

5 . 56* 

kt 

1.25 
2.84 

4.93 

5.94 

above  values 


are  based  upon  k i«.s  k 0 
obtained  from  the  results 
of  other  observers. 


CS,  (7,  22) 

)  0.636 

r , 5  0.668 

CHClj  (19) 


t° 

0 

46 

100 

184 


k  t  /  k  0 
1.0 
1.21 
1.53 
2.04 


C,H4  (7,  47)* 


-71.1 

-50 

0 

+  50 
100 


0 . 636 
0.739 
1.0 
1.29 
1.60 


CH,C1,  (19) 

0  I  1.0 

46  |  1.26 

100  1.62 

212.5  2.44 

CHsBr  (19) 

0  I  1.0 

100  '  1.70 

CHjCl  (19) 


0 

46 

100 

184 

212.5 


1.0 
1 .36 
1.76 
2 . 45 
2  79 


CHJ  (19) 

0  I  1.0 
46  1 . 26 

100  1.64 

CH<  (7) 

•181.6  0.315 

75.6  0.691 

0  1.0 


*  Sutherland's  form¬ 
ula:  C  =  10s  giving  a„  = 
0.00548, 

C,HiCl  (19) 

0  11.0 
100  j  1.73 

184  2.45 

212,5  2, 76 

C2Hfi  (7,  19) 
-70.4  0.640 

-33.6  0.806 

0  I  1.0 

+  100  I  1.78 

C:HsOH  (19,  22) 

i°  k 

7.5  1.24 

20  1.41 

100  1.96 

C2H4NH2  (22) 
ao-,00  =  0.006113 


CH  CO  19 

t°  kt/ko 

0  I  1.0 
46  1.29 

100  1.72 

184  2 . 56 


ch3co2 

t° 

0 

20 

CH,  (19) 

kt/ko 

1.0 

1.14 

CH3C02C2H5  (I®) 

(°  1  k 

46  1.13 

100  1.52 

184  !  2.24 

(C,H6) 

1° 

0 

46 

100 

184 

212.5 

20  (19) 

kt/ko 

1.0 

1.29 

1.70 
2.45 

2.71 

n-C5H12  (19) 

0  1.0 

20  |  1.11 

•£so-C6] 

0 

46 

100 

184 

in  (19) 

1.0 

1.32 

1 .75 
2.58 

C6H 

0 

46 

100 

184 

212.5 

.  (19) 

1.0 

1.41 

1.98 

2.92 

3.38 

C6H 

Hex 

0 

100 

3  (19) 

ylene 

1.0 

1.80 

n-C.F 

0 

20 

1.4  (l9) 

1.0 

1.10 

VARIATION  OF  CONDUCTIVITY  WITH  PRESSURE 

According  to  the  dynamical  theory  of  gases,  the  thermal  con¬ 
ductivity  of  a  gas  is  independent  of  the  pressure  if  the  mean  free  path 
is  small  in  comparison  with  the  thickness  of  the  conducting  layer. 

According  to  Knudsen  0  s),  when  the  free  path  is  large  in  com¬ 
parison  with  the  distance  between  two  parallel  plates,  the  quantity 


of  heat,  Q  erg,  passing  in  time  t  sec,  from  the  plate  at  a  temper¬ 
ature  to  that  at  a  temperature  02,  is 

Q  =  c.4(0i  -  0-2  pt 

where  .4  cm2  is  the  area  of  each  plate,  />  dyne  cm-2  the  pressure, 
and  e,  the  “molecular  coefficient  of  conductivity,  is  a  function  of 
0  and  depends  on  the  nature  of  the  surfaces  and  or.  the  nature  of 
the  gas.  For  a  complete  interchange  of  energy  when  the  molecule 
hits  the  plates,  e,  g~l  cm-1  sec  has  the  theoretical  value, 


1 


Cp  +C 


\  ,  -  1819  1  IT  ■'  '  ’ 

4  \  2737rpii/  <'p  —  (  ,  7  —  1 

where  T  is  the  absolute  temperature,  po,  (gram)  is  the  mass  of  1 
cm3  of  the  gas  at  273°  and  1  dyne  cm  -  pressure,  and  < C  .  its 
heat  capacity  at  constant  pressure  and  constant  volume,  respec¬ 
tively.  M  —  molecular  weight  of  the  gas  and  y  =  .  In 

calculating  the  dimensions  of  e,  temperature  is  assumed  to  have 
the  dimensions  of  kinetic  energy.)  Experiment  shows  that  the 
heat  transferred  is  smaller  than  this  theoretical  value,  but 
approaches  it  as  a  limit  for  rough  plates,  i.e.,  for  complete  exchange 
of  energy,  v.  (2S). 

MOLECULAR  CONDUCTIVITY  OF  GASES 

Calculated  value ,  conduction  between  absolutely  rough  surfaces, 

e  =  1819  —}  -  X  ! 

Vmt  t -  1 

At  0°C,  H2,  e  =  460  g_l  cm-1  sec  (i.e.,  unit  of  heat  =  1  erg; 
02,  e  =  117;  Cl2,  e  =  127.  If  unit  of  heat  is  the  calorie,  c  for  H, 
at  0°  =  10.97  X  10-«. 

Observed  value,  Ixnudsen  (ls).  H2  at  0  C,  e  =  121  g  1  cm  1 
sec  for  conduction  between  glass  and  rough  surface;  e  =  70  for 
glass  and  glass,  surface-  being  cylindrical. 

Schreiner's  values  (2®),  using  a  fine  drawn  platinum  wire  along 
the  axis  of  a  glass  tube:  mean  free  path  must  be  not  less  than  40 
times  diameter  of  wire  for  data  to  be  valid,  cf.  (27,  28), 


A 

o2 

h2 

*  1 

CO 

1 

n2 

t° 

e 

t°  1 

e  1 

1°  1 

e  | 

t°  1 

e 

e 

0 

58 

0 

92 

0 

138 

0 

98 

01 

93 

-  78 

69 

-  78 

115 

-  74 

168 

-  78 

12! 

-  78 

120 

-183 

104 

1-204 

204 

-190 

325 

-206 

221  - 

-204 

213 

*  If  unit  of  heat  =  I  calorie:  e  for  Hi  at  0°  =  3.31  X  10  •. 
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THERMAL  CONDUCTIVITY 

M.  S.  V 

For  industrial  materials,  see  Vol.  II,  p.  .312,  316;  single  crystals, 
p.  230;  Si Oj,  p.  106.  Data  for  other  non-metallic  solids,  and 
for  such  of  the  preceding  as  are  of  special  importance  in  the 
construction  of  scientific  instruments  are  given  in  the  following 


OF  NON-METALLIC  SOLIDS 

iN  Dusen 

table.  Data  for  crystalline  materials  and  for  compressed  powders 
are  too  scanty  to  permit  any  general  conclusion  to  be  drawn;  the 
values  tabulated  are  subject  to  considerable  uncertainty.  For  con¬ 
ductivity  of  powders  under  reduced  gas  pressure,  see  Vol.  II,  p.  315. 


Thermal  Conductivity  of  Non-Metallic  Solids 

Am.  =  amorphous,  Art.  =  artificial,  Crvs.  =  crystalline,  Nat.  =  natural;  B  183  =  boils  at  183°C;  d  =  density  of  the  specimen 
at  20°C,  not  of  the  individual  grains  of  a  powder;  D  =  thermal  diffusivity  near  tK;  Kt  =  thermal  conductivity  at  t° C;  M  114  = 
melts  at  114°C;p  =  hydrostatic  pressure;  P  [PP\  =  compressed  Ihighly  compressed]  powder;  In  =  room  temperature.  Kt  = 
C{  1  +  cd(10)"4)  if  t  lies  within  the  range  indicated;  unless  0°C  lies  within  the  range,  C  is  not  K0.  Kt,p  =  Kt,\  {  1  +  6p(10)-,J. 
In  the  portion  for  inorganic  solids,  the  “remarks”  in  section  A  apply  also  to  the  corresponding  entries  in  section  B. 


Unit  of  K,  and  C  =  10“4  watt/(cm°C);  of  D  =  1  cm2  sec"1;  of  d  =  1  g  cm"1;  of  p  =  1  atm.;  t0,  M,  B  and  range  are  °C 


Pure  organic  solids 


Formula 

Substance 

t 

Kt 

C 

CL 

Range 

C 

a 

Range 

Remarks 

Lit. 

C2H2O4 

Oxalic  acid . 

0 

90 

90 

-58 

-190  to  0 

(9) 

C3Hs03 

Glycerol . 

0 

30 

30 

-17 

-  90  to  +10 

38 

+  10 

-180  to  -90 

d  =  1 .263;  solid* 

(32) 

c6h5no3 

p-Nitrophenol . 

0 

27 

27 

-19 

—  50  to  +50 

25 

-  47 

— 180  to  —50 

M  114 

(32) 

CeHjN 

Aniline . 

-40 

28.9 

24 

-51 

-100  to  -40 

18 

-103 

-180  to  -100 

B  183;  M  -8 

(32) 

c7h9n 

p-Toluidine . 

30 

16 

M  45 

(30) 

Naphthalene . 

0 

38 

38 

-33 

-160  to  +80 

M  79 

(9,  30, 

cI0h8o 

a-Naphthol . 

35 

24 

<  0 

32) 

(30) 

CioH80 

/3-Naphthol . 

35 

24.6 

25 

-  5 

-170  to  +100 

(30,  32  1 

c10h9n 

Naphthylamine . 

33 

15 

<  0 

M  50 

(30) 

c10h14o 

Thymol . 

12 

15 

D  =  0 

.00108 

M  13 

(4) 

cI2h„n 

Diphenylamine . 

0 

22 

22 

-  6.5 

-180  to  +30 

M  .54 

(32) 

C12H220 1 1 
C17H1203 

Sucrose . 

0 

58 

58 

-45 

—  80  to  0 

(9) 

/3-Naphthyl  salicylate 

-80 

22 

20 

-13 

-190  to  0 

Crystalline 

(9) 

C 17H 1 2O  3 

/3-Naphthyl  salicylate 

-80 

12 

14 

+20 

-190  to  -80 

.Amorphous 

(9) 

*  Probably  a  glass. 


Pure  Inorganic  and  Miscellaneous  Solids 
A.  One  temperature  and  effect  of  pressure 


Substance 

f,  °C 

K, 

Remarks 

Lit. 

AgCl . 

Art. 

0 

109 

d  =  3.06 

(IS) 

AgCl . 

Nat.* 

0 

110 

d  =  7.2 

(16) 

AgCl . 

PP 

tR 

75 

(50) 

Aglir . 

0 

103 

d  =  5.9 

(16) 

AIjOj . 

15 

1  050 

(31) 

AltOs . 

P 

tR 

68 

d  =  1.84 

(28) 

C  (Dia)t . 

Crys. 

0 

15  000 

D  =  1.5 

(10) 

C  (Gr)t . 

Art. 

0 

15  000 

D  =  1.5 

(7,  10,  18, 

20,  23, 

41,  45) 

C . 

Am. 

0 

tt 

D  =  0.04  to  0.4 

(3,  7,  18, 

19,  2  0, 

44,  49) 

c  (Gr)if . 

p 

40 

119 

d  =  0.70; 

(45) 

F§  20  on  40 

C  (Gr)-.t . 

p 

40 

38 

d  =  0.42;  F§  40 

(45) 

C  (Gr).t . 

p 

40 

18 

d  =  0.48  ;F§  100 

(45) 

C  (LB)J . 

p 

40 

6.5 

d  =  0 . 165 

(4S) 

C  (Cl»t . 

p 

40 

11.2 

d  —  0.73 

(45) 

CaF2 . 

0 

1  100 

(9) 

CaFj . 

-  190 

3  900 

(9) 

CaCU.GHiO . 

24 

63 

(30) 

CaS04.2Hj0 . 

Art. 

tR 

38 

d  =  1.36; 

(4  9 ) 

D  =  0.0025 

CaSO«.2HiO . 

Art. 

tR 

74 

d  —  2.13 

(I9) 

CaS04.2Hj0 . 

Nat.  || 

tR 

130 

d  =  2.88; 

(4  9 ) 

D  --  0.0042 

Ca.(PO,)2 . 

PP 

tR 

41 

(50) 

CaCOj . 

Nat.  IT 

30 

219 

d  =  2.602; 

(8) 

b  =  1.0 

Substance 

t,  °C 

K,  | 

Remarks 

Lit. 

CaCOa . 

Nat. If 

75 

188 

d  =  2.602; 

(6) 

b  =  6.7 

CdO . 

P 

tR 

68 

d  =  3.39 

(28) 

CO2O3 . 

P 

tR 

42 

d  =  1.96 

(28) 

Cr203 . 

P 

tR 

45 

d  =  2.35 

(28) 

CuO . 

15 

330 

(31) 

CuO . 

P 

tR 

102 

d  =  2. 19 

(28) 

CuCls . 

15 

54 

(31) 

CuS . 

15 

580 

(31) 

CuS . 

PP 

tR 

82 

(50) 

C11SO4.5H2O . 

15 

73 

(31) 

FoO . 

P 

tR 

56 

d  =  2.24 

(28) 

FC203 . 

15 

126 

(3  1) 

Fo2Os . 

P 

100 

49 

(5) 

FeS . 

15 

710 

(31) 

FeS04.7H20 . 

15 

56 

(31> 

FcC20<** . 

PP 

tR 

52 

(50) 

H20  (ice) . 

Crys. 

0 

209 

d  =  0.92; 

(2,  1  3,  32, 

D  =  9.011tt 

35,  36, 

42> 

II2O  (snow) . 

Crys. 

55 

(1,  22,  24, 

26,  36, 

88) 

HgCl . 

PP 

tR 

61 

(50) 

HgBr . 

PP 

tR 

53 

(50) 

I . 

30 

44 

(40) 

KC1 . 

0 

670 

(».'») 

KC1 . 

-190 

2  100 

(») 

KI . 

0 

500 

d  =  1.97 

(16, 

THERMAL  CONDUCTIVITY  NON-METALLIC  SOLIDS 
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Substance  t,  °C  |  A,  Remarks _ Li^ 


K»Cri(80«)4.- 
24H  O 

0 

55  j 

(•) 

MgO 

M g(  1  . 1 

p 

1.5 

tR 

126 

55 

d  -  0.80 

(31) 

(28,  SO) 

MgSO<7HjO . 

MgCO> . 

p 

15 

tR 

48 

43 

d  =  3.0 

(3I) 

(SI, 

MgSiO, . 

NaCl 

pp 

tR 

0 

36 

670 

(SO, 

(S,  »,  3«, 

31,  33, 

49) 

NaCl . 

-190 

2  600 

(S> 

NaCl . 

Nat.  ||  || 

30 

368 

b  -  36 

(6) 

NaCl . 

Nat. ;  || 

75 

316 

6  =  36 

(6> 

NaClOj . 

0 

112 

(9) 

NaiHP04.12Ht0. . 
NiO . 

P 

25 

tR 

54 

94 

d  =  1.45 

(SO) 

(IS) 

NiSO».7HsO . 

15 

48 

(SI) 

NiCOi. . . 

PP 

tR 

58 

(50) 

PbO  . 

15 

210 

(31> 

PbO .  . 

P 

tR 

72 

d  =  5.84 

(IS,  51) 

PbiO,.  . . 

15 

210 

(31) 

PbaOd. . . 

P 

in 

55 

d  =  4.7 

(51) 

PbFj . 

PP 

tR 

40 

(SO) 

PbClj . 

15 

54 

(31) 

PbClj. . . 

PP 

tR 

33 

(50) 

PbBr: . 

PP 

tR 

26 

(SO) 

Pblt  . 

PP 

tR 

24 

(50) 

PbS . 

15 

65 

(51) 

S . 

Crys. 

Crys. 

-190 

64 

(9) 

s . 

0 

21 

(9,  19,  19, 

30,  33, 

36,  37) 

s . 

Am. 

0 

20 

(9) 

30 

8  400 

(17) 

SiOj  (glass) . 

T1C1 

0 

0 

145 

98 

t.  also  p.  106 
d  =  6.6 

(S,  «,  >1) 
(16) 

TlHr  . 

0 

82 

d  =  7.1 

(16) 

ZnO . 

ZnO . 

p 

15 

tR 

380 

59 

d  =  2.89 

(St) 

(28,  52) 

ZnSO,.7HjO . 

Basalt  (diabasic). 

15 

30 

61 

169 

d  =  2.924; 

5  =  4.7 

(31) 

I9) 

I^aaalt  (diabasic). 

75 

173 

d  =  2.924; 
b  =  2.2 

(S) 

Canada  balsam.. .  . 

tR 

30 

11 

183 

d  =  2.84 

(12,  29) 

(») 

Chalk  . 

tR 

71 

d  =  1.547; 

(49) 

D  =  0.0054 

Fibre  (white) . 

Ivory  ( Laxis) . 

0 

80 

80 

29 

45  to  52 
57 

d  =  1.22 

(30,  46) 

(,7) 

(*7) 

tR 

40  to  60 

(I7,  43) 

tR 

20  to  <0 

(17,  4  3, 

4  5  ) 

0 

24 

D  =  0.0024; 

(9,  I4,  25, 

M  50-54 

29,  30, 

32,  33, 

34,  37, 

39,  .7, 

4  S,  51) 

30  to  75 

109 

d  =  2.234, 

(*) 

5  =  4 

Rubber  (hard) . . . . 

0 

16 

d  =  1.2, 

D  -  0.0016 

(3,  8,  9, 

16,  17, 

21,  29, 

SO,  31, 

37,  46) 

tR 

13  to  16 

>90  To  pure 

(1  7,  29, 

S3,  47) 

tR 

25 

(29,  30, 

S3) 

Talc . 

30 

307 

d  -  2.751, 

(*) 

5  =  15.7 

Vaaolinc . 

tR 

18 

(10,  34) 

B.  Variation  with  temperature 


Subatance 

C 

a 

Range,  °C 

A*C1. . 

AgBr 

C  (Dia)t. 

Art. 

109 

103 

-45 

-45 

0  to  100 

0  to  100 

(16) 

('*) 

Crys. 

15  000 

0 

1  -200  to  +100 

(10) 

Substance 

c 

or 

Hang*-.  (  ' 

Lit. 

C  (Gr)t-. 

Art. 

15  000 

-3.3 

0  to  2  000 

(7,  10,  It,  20, 
23,  41,  41) 

C . 

Am. 

:: 

O 

A 

0  to  600 

(1,  1  7,  1  8,  1  t, 
20,  44.  49  ) 

C  (Gr)it. 

P 

100 

+  48 

40  to  100 

(4S  > 

C  (Gr)it ■ 

P 

33 

+  40 

40  to  10O 

(4  5  1 

C  (Gr).J . 

P 

16 

+  34 

40  to  100 

(4S) 

C  (LB)L 

P 

6.4 

4-  6 

40  to  150 

(4S) 

C  (CD)U 

P 

10.3 

+  23 

30  to  150 

<4S) 

CaF. . 

1  100 

-37 

-80  to  +IOO 

(9) 

FejOi . 

P 

39 

+  25 

100  to  700 

(5> 

H.O  (ice)  . . 

HsO  (snow) 

Cry  a. 

Crys. 

209 

-  17 

-  170  to  0 

(2,  1  3,  32.  35, 
36,  4  2) 

(1,  22,  24,  26. 
36,  38  ) 

KC'I . 

670 

-44 

-  ISO  to  +100 

(9,  16) 

NaCl . 

670 

-44 

—  SO  to  +100 

(6,  9,  29,  3  1, 

33,  49 

NaClO. . 

112 

-52 

—  80  to  0 

(9) 

S . 

Crys. 

21 

-25 

0  to  100 

9,  1  9,  2  9,  30, 
33,  36,  37) 

s . 

Am. 

20 

+  10 

-  190  to  0 

(9) 

SiOi  (fslass) ... 

145 

+  23 

-250  to  +100 

(3.  9,  11) 

T1C1 . 

98 

-43 

0  to  +100 

(!6) 

Fibre  (white) . 

29 

+  12 

0  to  80 

(30,  46) 

Paraffin . 

24 

-  16 

-  180  to  +30 

(9,  1  4,  2  5,  29, 
30,  32,  33, 

34,  37,  39, 

4  7,  4  8,  5  1  ) 

Rubber  (hard) . 

16 

+  6 

-  200  to  +  100 

(3,  8,  9,  16, 

17,  2  1,  29, 

3  0,  3  3,  3  7, 

46) 

*  Horn  silver,  eerargyrite. 

t  Diamond.  If  t  <  —  200°C,  K  decreases  with  t. 

J  (Gr)  =  graphite,  (LB)  =  lampblack,  (CD)  •*  coal  dust. 

§  F  20  on  40  means  that  the  powder  passed  a  sieve  of  20  meshes  to  the  ineh, 
but  was  caught  by  one  of  40;  F  40  means  that  it  passed  a  sieve  of  40  meshes 
but  that  no  indication  of  the  limit  of  fineness  of  the  powder  is  given. 

||  Gypsum. 

Limestone,  nearly  pure  CaCOj. 

**  Ferrous  oxalate. 

ft  In  the  range  0  to  —  30°C. 

tt  Values  of  A'o  and  C  vary  from  400  X  10"‘  to  4000  X  10'*  watt/(cm,  °C). 
§§  In  the  range  0  to  -30°C,  K  =  (2.1  +  42d  +  21fW*)  X  10-*  «att/(cm 
«C),  D  =  (d-‘  +  20  +  103d2)  X  10  *  cm2  see.'1 
Ull  Rock  salt,  clear  crystalline. 
r  '  Catlinite  =  pipestone. 


D . 

....ll 

2  000 

4  000 

6  000 

8000 

110  000,12  000  atm. 

A'» . 

.  .  .  .  1 183 

212 

228 

|235 

240 

1245  1 249  X  10"*  watt/(cm,  °C) 
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STANDARD  MATERIALS 

The  materials  in  the  following  table  are  suitable  for  standard¬ 
izing,  calibrating,  or  checking  of  scientific  apparatus  and  instru¬ 
ments. 

Kt  =  A’0(l  +  a0t),  0°  <  t  <  100°C;  Kt  =  A'20[l  +  «20«  -  20)], 
0°  <  t  <  80°C;  t  =  centigrade  temperature. 

Unit  of  A'  =  1  watt/(cm  °C)  =  0.2389  calu/Ccm  sec  °C)  = 
1.338  X  10“3  BTUeo/(in.  sec  °F) 


K0 

«o  II 

A'20  |  «20 

Ag . 

4.19 

—  0 . 000 1 7] I  H,0 . 

0.00587  +0.00281 

Cd 

0.933 

-0.00038  C2H5OH. .  . 

0.00182  -0.00071 

I'l) . 

0.352 

-0  00016  SiO2;a.p.l06 

METALS  AND  ALLOYS 

About  75%  of  all  measurements  of  the  thermal  conductivity  of 
pure  metals  and  of  alloys  were  for  the  purpose  of  testing  either 
Wiedemann  and  Franz’s  law  (11S),  that  the  ratio  of  the  thermal 
(K)  to  the  electrical  (<r)  conductivity  is  the  same  for  all  metals, 
or  Lorenz’s  law  (70),  that  K/a  is  proportional  to  the  absolute 
temperature  T.  The  most  important  papers  on  these  subjects  are 
3,  6,  11,  12,  15,  19,  23,  24,  30,  33,  36,  41,  49,  50,  51,  52,  53,  54,  57, 
63,  64,  65,  66,  67,  70,  73,  74,  75,  77,  79,  83,  84,  92,  94,  95,  97,  98,  102, 
114,  115,  120), 


On  the  electron  theories  of  Riecke  (92-5),  Drude  (22.5)  and  others, 
K/aT  =  %(e0/e)2  -  3(Ar0/e)2,  a  quantity  which  is  independent  of 
the  metal  and  of  T ;  A-0  =  Boltzmann’s  molecular  gas  constant, 
e  =  electronic  charge.  With  the  values  accepted  for  I.  C.  T.,  this 
gives  10 iK/aT  =  2.23  watt-ohm-(°C)-2.  For  observed  values,  see 
Table  1. 

For  the  effects  of  mechanical  stresses,  see  Table  2. 

Table  1. — Relation  of  Thermal  ( K )  to  Electrical  (a)  Con¬ 
ductivity 

Tabular  values  are  A  =  108A  aT ;  theoretical  value  of  A  =  2.23 
watt-ohm/(°C)2,  on  basis  of  the  “accepted  constants”  (Vol.  I, 
p.  17). 

Unit  of  A  =1  watt-ohm/(°C)2  =  1016  cgsm. 


1 

A-17o! 

A 100 

Az  |  A  is  | 

A 100 

Cr-F 

e,  *  chrome 

A1 . 

1 .50 

1.81 

2.09  2.19 

2.27 

steels 

Ag . 

2.04 

2.29 

2.33  |2 .36 

2.37 

%  Cr 

-4  3  0 

*'130  + 

Au . 

2 . 45§ 

2 . 41  § 

0 

2.861 

2.7 

C|| . 

mo§! 

770§ 

0.5 

3.01 

2  7 

Cd . 

2 . 39 

2.43 

2.40  2.43 

2.44 

1 

2  91 

2  7 

Cu . 

1 .85 

2.17 

2.30  2.29 

2.32 

2 

2.79 

2.7 

Fe . 

3.10 

98 

2.97  2.76 

2.85 

3 

3.14 

2.81 

Ir . 

1.775 

1  ■  60§ 

5 

3.24! 

2.7 

Mo . 

3  08§ 

3 . 1 7  § 

8.5 

2.7 

Ni . 

2  °2 

2.59 

2.59  2.40 

2.44 

!0 

3.26 

THERMAL  CONDUCTIVITY—  METAL>  AND  ALLOY' 


Table  1. — ( Continued 


-1  —170  -l-lOOl 

A0  i-l is  -4  no 

( 

>-Fe,  *  chrome 

I’b . 

2.55  2.54 

2.53  2.4612.51 

steels 

Pd . 

2 . 1 S  §  2 . 16§ 

% 

Cr  .lj,t  -Let 

Ft  . 

2.47§  2 . 59  § 

13 

2 . 73 

Rh . 

1 . 55  §  1.33§ 

15 

2 . 86 

Sn . 

2 . 4S  2.51 

2.49  2.53  2.49 

17 

2.74 

Ta . 

2 . 88  §  2 . 7S§ 

20 

3.03 

Zn  . 

i  2  20  2.39 

2.45  2.31  2.33 

Mean . . 

.  .  .  .1  2  34  2.41 

2.41  2  1 1  2  38 

(C7) 

(57  ) 

*  Sre  Fig.  1  (7S). 
t  Anneal  I'd  900’C. 

*  Quenched  1100°C. 

5  C). 

Graphite  (omitted  from  mean). 


Fio.  1.  Thermal  ( K )  and  electrical  (ai  conductivities  of  chrome 
steels:  Variation  with  composition  and  heat  treatment  t*5). 

Unit  of  K  =  1  watt/cm  °C,  of  <r  =  104 ohm-1  cm-1.  An  -  annealed 
from  900°C;  Q  =  quenched  at  11 00°C.  Similar  curves  are  obtained 
for  the  coefricicnt  of  expansion  and  for  the  moduli  of  elasticity;  their 
shape  is  intimately  related  to  the  variations  in  the  amounts  of  the 
several  phases  present.  (.See  lower  section  of  figure;  A  “0.6%, 
3  1.2  of  Cr;  a.  0,  y  refer  to  the  a,  0,  y  double  carbides.) 


Fe-C,  steel,  iron,  nickel  (53  Manganin 


Material 

30° 

200  4(H) 

tHH) 

N(M> 

t 

i, 

Carbon  Steel .... 

- 170  5 

91 

C*  =  0.18%  . .  . 

2.59 

2.63  2 

76 

2 . 68 

3 

02 

100  4 

16 

C*  =  0.64  % . 

2 . 56 

2.70  2 

94 

2 . 95 

3 

15 

0  3 

41 

C*  =  1.02% . 

2.77 

2.76  3 

n 

3 . 27 

3 

.25 

18  3 

14 

C*  =  1.50% . 

2  58 

2.4*  2 

78, 

2.93 

3 

.  14 

KM)  2 

97 

Swedish  iron . 

2.85 

3.03  3 

os' 

3.00 

3 

.28 

1  57,  67 

Ni . 

2  17 

2.53  2 

67 

2  73 

2 

75 

*  Krupp  carbon  steel,  same 

specimen  as  in  Table 

t  "Tool 

or 

high 

carbon  ste 

el  • 

No.  2. 


Unit  of  K  =  1  watt  cm  °C,  oftr  =  10*  ohm  'em  '.  Similar  curves 
are  obtained  for  the  moduli  of  elasticity;  their  shape  is  intim&tcK 
connected  with  the  variations  in  the  amounts  of  the  several  phases 
present.  ( See  lower  section  of  figure.) 

Table  2. — Thermal  CoNDVCTrvmr  (A*)  ok  Metals;  Effect  <>k 


Fe-W,  tungsten  steels;  t  3(V’C  ( 5 2 ) ;  (see  1  ig.  2 


C, 

W,% 

C-I 

‘  0.3  0.6, 

C/; 

.’C 

(.  r. 

|  0  3  0.6  w  ,  ■ 

1  0.3  0.6 

0 

2 . 47  2 . 68 

3 

2.50!  15 

2.71  2.51 

0.5 

2.51  2.62 

5 

2 . 68  20 

2 . 63  2 . 53 

1 

2 . 58  2 . 52 

6 

2  66  2 . 53  25 

2  67  2.48 

2 

2  68  2  49 

10 

2.51 

Stresses 

K  varies  nearly  linearly  with  hydrostatic  pressure  /’  and  with 
tensile  stress  (S);  under  torsion,  K  varies  approximately  i-  the 
square  of  the  twist  (r). 

Kg  =  conductivity  of  unstressed  material  at  0  (  ;  K.  Kp,  h 
Kt=  conductivity  at  the  same  temperature  unstressed,  under 
stress  /’,  .8,  t. 

K's  =  apparent  conductivity  under  stress  .S’,  assuming  dimen¬ 
sions  are  the  same  as  for  unstressed  specimen.  Sm,rm  maximum 
values  used  in  measurements. 
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Table  2. — (Continued) 

SP  =  106(AV  ~  K)  KI>’  *s  =  106(A :s  -  K)/KS;  8's  =  10°(KS'  - 
K)  KS ;  AT  =  100 (At  -  A)/A r2 


Unit  of  P  and  S  =  1  kg/cm2  =  9.81  X  105  dyne/cm2  =  0.97 
.1  of  r  =  l°/cm  =  0.0174  radian/cm  =  30.5°/ft. 


Material 

A0 

| 

||  $mt 

1 

r 

+  T  § 

Ag . 

4.19 

—  3 .71 

790 

-2.0 

Al . 

2.03 

545 

-3.8 

463 

13.8 

1.84 

-0.27 

Bi . 

0.0837 

-31 

C’d . 

0  933 

+  7.4 

Cu . 

3.88 

-7.5 

1080 

-2.1 

463 

8.0 

0.74 

-0.64 

Cu-Zn  || . 

1.05 

463 

6.3 

1.32 

-0.57 

Fe . 

0.619 

-  0.3 

2050 

-1.9 

1.13 

-0.59 

Steel . 

0.485 

1235 

6.2 

0.88 

-2.78 

Ni . 

0.586 

-12 

1900 

+0.48 

964 

4.2 

0.81 

-0.61 

I>b . 

0 . 352 

+  17.3 

1.10 

-0.21 

Pd . 

0.674 

770 

-0.20 

Pt . 

0 . 695 

-  1.6 

790 

-1.35 

Sb . 

0.186 

-21 

Sn . 

0 . 657 

+  12 

0.74 

-1.83 

Zn . 

1.13 

+  2.1 

463 

8.2 

0.59 

-2.01 

Lit . 

(14);  cf.  (7i) 

0- 

5);c/. 

(59) 

(18,  68); 

(103) 

cf.  O04) 

*  Metals  very  pure,  maximum  hydrostatic  pressure  =  12  000  kg/cm2, 
t  Metals  very  pure,  allowance  made  for  change  in  dimensions  due  to  stretching. 
Probable  errors  range  from  2.4  %  for  A1  to  23  %  for  Ni. 
t  Approximately  70  %  of  elastic  limit 
§  Metals  not  annealed. 

||  Brass. 

Table  3. — Thermal  Conductivity  (A0)  at  0°C  of  Pure  Metals 

K0  =  weighted  mean  of  best  determinations;  “Range”  = 
limiting  values  between  which  the  true  value  probably  lies. 

Unit  of  K  =  1  watt/ (cm  °C)  =  0.2389  cali6/(cm  sec  °C)  = 
1.338  X  1CU3  BTU6o/(in.  sec  °F)  =  107  erg/(cm  sec  °C). 


Symbol  | 

A0  1 

Range 

Lit. 

Ag  , 

4.19 

4.05  -4.30 

(35,  46,  57,  67,  99,  110);  cf_  (34) 

Al 

2.03 

1.95  -2.15 

(4,  57,  58,  67,  73,  96,  117) 

Au 

2.96 

2.85  -3.10 

(6,  57,  77);  cf.  (35,  99,  100) 

Bi 

0 . 0837 

0.080  -0.091 

(30,  33,  57,  60,  70) 

C* 

0.0345 

0.0325-0.0365 

(7);  cf.  (28,  116) 

ct 

0.157 

0.150  -0.165 

(7,  55);  cf.  (108) 

Cd 

0.933 

0.91  -0.95 

(24,  57,  67,  70,  96,  110) 

CoJ 

Ajo  =  0.692 

(51) 

Cu 

3.88 

3.85  -3.95 

(36,  57,  62,  67,  77,  89,  93,  96) 

Fe 

0.619 

0.57  -0.67 

(8,  12,  40,  53,  57,  67,  70,  102);  cf. 
(9,  27,  34,  79,  97,  109) 

Fe§ 

0.485 

0.44  -0.51 

(17,  36,  53,  57,  67);  cf.  (34,  64) 

Hg 

0.0836 

0.0820-0.0845 

(11,  12,  81,  112);  cf.  (2*  32,  48, 
69,  80,  111) 

Ir 

0.59 

0.56  -0.62 

(6) 

K 

0.99 

(5U) 

Li 

0.70 

0.63  -0.77 

(78) 

Mg 

1.55 

1.50  -1.65 

(70,  73) 

Mo 

1.46 

1.38  -1.54 

(6) 

Na 

1.35 

1.25  -1.45 

(54);  Cf.  (19.  90) 

Ni 

0.586 

0.565  -0.605 

(5,  53,  57,  67);  cf.  (8) 

Pb 

0.352 

0 .34  -0 . 36 

(12,  34,  57,  62,  63,  67,  70,  72,  77, 
85,  88,  96) 

Pd 

0.674 

0.61  -0.69 

(6,  57,  99) 

Pt 

0.695 

0.685  -0.700 

(6,  57,  77,  97) 

Rh 

0.894 

|0,87  -0.91 

(6) 

Sb 

0.186 

0.16  -0.21 

(12,  24,  30,  70) 

Se 

(See  'fable  4) 

Sn 

0.657 

0.625  -0  675 

(3,  12,  34,  57,  61,  67,  70,  85);  cf. 
(4,  63) 

Table  3. — ( Continued ) 


Symbol  j  A0  \  Range 


Ta 

0 

544 

|0 . 52 

-0 

57 

I  (6) 

Te 

A46  = 

0.06 

(118) 

T1 

0 

39 

I  (16) 

W 

1 

60 

(H3);  cf.  (6) 

Zn 

1 

13 

|l  .06 

-1 

19 

(12,  57,  63,  67);  cf. 

*  Gas  carbon.  t  With  0.24  %  C.  1.4  %  Fe.  1.1  %  Ni,  0.14  %  Si. 

t  Graphite.  §  Steel  with  ca.  1  %  C. 

Table  4. — Thermal  Conductivity  (A')  of  Metals,  Cu2S, 
Fe203,  and  ZnO:  Variation  with  Temperature 


For  alloys  of  definite  composition,  see  Table  5. 

In  certain  cases  the  recorded  values  of  A  have  been  adjusted  so 
as  to  give  in  each  case  a  A0  which  agrees  with  the  weighted  mean 
given  in  Table  3.  These  cases  are  indicated  by  an  a  in  the  column 
“Notes.” 

8  =  solid;  l  =  liquid;  t',  t"  =  limits  of  temperature  range  within 
which  the  formula  of  variation  applies;  a,  /3  =  coefficients  defined 
by  the  equation 

Kt  =  AV[1  +  10_3a(i  -  t')  +  10 -«0(<  -  t')2l 
if  “  (A'o)  ”  or  K'o  is  written  in  the  Kt'  column,  the  equation  is 
Kt  =  A0[l  +  1 0~3ott  +  KT6#2] 


or 

Kt  =  Aj[l  +  10_3at  +  10~8/3ta] 

depending  upon  whether  0°C  does  or  does  not  lie  within  the  range 
defined  by  f  and  t".  In  the  latter  case  the  value  of  A0'  is  always 
given. 

Example:  For  Ag,  Kt  =  4.19(1  -  0.000171),  if  0°  S  1  <  100°; 
Kt  =  Ko(l  -  0.000541  -  0.00000266!2),  if  18°  >  1  >  -  170°.  If 
A'o  =  4.19  and  1  =  -100°C,  A_100  =  4.19[1  -  0.00054(  - 100) 
—  0.00000266(  — 100) 2]  =  4.19(1  +  0.054  -  0.0266)  =  4.19 
(1.0274)  =  4.30.  For  Al,  the  data  from  (67)  give  Kt  =  A0(l  + 
0.0001751),  if  18  °>  1  >  -125°  and  A,  =  1.98[1  -  (10)_31.49(t  + 
125)],  if  -125°  >  1  >  -170°. 

TTnit  of  A  =  1  watt/(cm  °C)  =  0.2389  calis/fcm  sec  °C);  of 
a  =  (1°C)_1;  of  d  —  (1°C)~2;  1  =  centigrade  temperature. 

Symbol  I  Notes  |  t'  |  t"  |  Kt'  a  _ 8 _ i _ Fit. 

(57) 

(57) 

(57) 

(70) 

(67, 

(67) 

(65) 

(65) 

(95) 

(96) 

(S7) 

(6) 

(77) 

(57) 

(70) 

(30,  33, -cp. 

j  (721 

(65) 

(65) 

C25) 

(25) 

(30) 

(7) 

(106) 

(119) 

(45) 

(5)  A'ioo  =  0.05!);  Km  =  0.063;  Am,  =  0.059; 

Km  =  0.046:  Km  -  0.050;  Kmo  =  0.0071  («5) 

(6)  Km  =  0.372;  Km  -  0.520;  K  so  =  0.540; 

K t jo  -  0.574;  Kuu  =  0.602  (4T) 


Ag 

a 

0 

100 

4.19 

-0.  17 

a 

18 

-170 

(A'o) 

-0.54 

Al 

a 

0 

100 

2.03 

+0.29 

a 

0 

100 

2.03 

+0. 184 

18 

-125 

(A'o) 

+  0.175 

a 

-125 

-  170 

1.98 

-1.49 

s,  a 

0 

650 

2.03 

-0.275 

l,  a 

650 

800 

0.90 

-0.32 

100 

400 

2.19 

+  0.137 

K-ibi.**  — 

1.55;  A- 

261.4  —  1.63;  A'_m 

A'o  =  1.93 

Au 

a 

0 

100 

2.96 

+0.04  I 

0 

100, 

(A'o) 

-0.07  | 

a 

K- 251 

.8  =  12.4; 

A  — 181-6 

=  3.08; 

Bit 


C5 


-2.66 


-0.34 


1.90; 


=  Kioo.d  =  2.96 

Oj  100|  0.0837  1  —  1.97  I 

o'  1001  (A’o)  1-0.17  I 

+  8%  «J  A'_i»  =  0.220;  A'_:s  =  0.0945;  A'ioo 


0.080 


A'ioo  =  0.0770;  Km  =  0.0756;  A'jjo  =  0.0775 
1,  a  Km  =  0.176;  Km  —  0.159;  Km  =  0.157; 
Km  =  0.156 

At  =  25:  K-tsi  =  0.266;  A'o  =  0.113 
At  =  0.017:  A- us  =  0.098;  A'o  =  0.068 
At  _ i so  =  0.209;  Kq  =  0.0812;  K 100  —  0.0507 
(Except  graphite) 


(1)  a 

0 

100 

0.0345  1  +  1.5 

(2) 

30 

1 50 1 

0.00111+2.3 

(3) 

1427 

1827 

0.084  +0.12 

(4) 

30 

3500 1 

menn  A  =  0.068 
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Symbol  |  Notes  | 

C 


AY 


Lit. 


Cd 


Cu«; 


Cu*S 

Fe 


Table  4. — (C onlinued i 


Symbol  |  Notes 


AY 


Kit 


4  (a) 
(6) 
(e) 
(d) 


20 

20 

85 

85 

85 

85 


T, 0.0197 

T, 0.0057 

T. 0.0164 
T,  0.0125 
T,  0.0094 
T.  0.0106 


1 . 0  Asp. 

1 . 9  Var. 

1.0 
5.3 
1.2 
6  0 


[Graphite) 

KetOi*  * 

150 

7201 

0.00523  +1.93 

(,J) 

(1)  o 

0 

100 

0  157 

+  0  33 

(7> 

720 

1050 

0.0109 

+  1.53 

(,J) 

(2) 

0 

555 

(Ao) 

-2.36 

+  24.2 

(JS) 

Hg 

a 

0 

100, 

0.0836 

0 

(11,  12,  82); 

(3) 

50 

100 

0.441 

+  1.2 

(106) 

<■/.  (”> 

(4) 

A' ioo  =-  1.92; 

A  200  =  1.50;  A  joo 

1.32;  Amo 

s 

-44 

-  193 

0.28 

-5 

(”> 

_  1. 

18;  Amo 

-  1.11; 

A  coo  =■  1.03;  A  jooo  =» 

8 

A  -269.1  ™  107 ;  A  -265-1 

0.0071 

(45) 

=  1.13 

(»») 

(5) 

K  24*  “  1.41 

A' 32 j  =  1.36;  A  4io 

- 

1.28;  A' 607 

Ir 

a 

0 

100[ 

0.59 

-0.51 

(*) 

-  1.22;  A 

50 

=  1.17;  A 

low  =  1.05 

(47> 

K 

a 

0 

60 

0.99 

-1.34 

(54) 

(6) 

30 

2830 

mean  A  = 

0.68 

(47) 

Mg 

a 

0! 

100I 

1.55 

0 

(’0) 

(7) 

40 

100 

0.0119 

+  4.8 

(108) 

A 100  =*  1.39;  A  200  =■  1.35;  Awo  ™ 

1 .30;  A  400  ■» 

(8, 

40 

100 

0  0386 

+  4.0 

(106) 

1.30; 

A  500 

=  1.33 

(SS) 

(«) 

40 

100 

0.00183 

+  3.4 

(106, 

Mo 

a 

0 

100 

1.46 

-0.45 

(«) 

a 

0 

100 

0.933 

-0.38 

(®7) 

Na 

a 

0 

90 

1.35 

—  1.23 

(54) 

-170 

+  18 

(Ao) 

-0.564 

(  6  7  ) 

Ni 

a 

0 

100 

0.586 

-0.31 

(i7);  ef. 

s,  a 

0 

320 

0  933 

+  1.2 

(16) 

(».  38) 

l,  a 

320 

440 

0.451 

+  2.8 

(16) 

+  18 

-170 

(Ao) 

+  0.501 

<*7) 

A_ 261. 

7  =  2.35;  A  _ 25i  •  # 

=  2.00; 

A 

-261-6  = 

a 

Ao  = 

Aioo  =  0.586;  K700  =  0  578;  A’ wo  “ 

1.81 ;  A_ !jo. : 

=  1.67;  A 

1HJ.1  =» 

1.03 

(96) 

0.555;  A<oo  =  0.524; 

K  soo  ®  0. 550 '  A  oo7  = 

a 

0 

100 

3.88 

-0.12 

(57> 

0.572;  A;oo  =  0.590;  Amo  =  0.617;  A,so  = 

a 

0 

100 

3.88 

-0.26 

(S7) 

0.625 

(53) 

a 

-125 

-170 

4.18 

-2.4 

(  6  7  ) 

Aioo  =  0.608;  A  wo  —  0.575;  A  joo  =»  A**oo  *■ 

18 

-125 

(Ao) 

-0.31 

+  2.5 

(  6  7  ) 

A  500 

=  0.537;  A  coo  =  0 

f>65;  A'tcm 

=  0.590 

(95) 

76 

362 

(Ao) 

-  0 . 09 

(62) 

Pb 

a 

0 

100 

0.352 

-0.  16 

(S’) 

100 

600 

3.78 

-0.13 

(95) 

90 

210 

(Ao) 

-0.  17 

(62) 

A_m.s  =  17.45:  A-isi 

• 

=  13.0; 

A-IM.6  = 

s,  a 

0 

325 

0.352 

-0.40 

(*5);  ef.  (*5) 

4.72 

A  _77. 1 

=  3.97 

(77,  96) 

l,  a 

325 

600 

0. 165 

-0.20 

(SS);  c/.  (»5) 

u) 

A' -252.7  = 

127.1;  A-jsj.s  =  124.6 

A  —262*0  — 

a 

0 

-  75 

0.352 

-0.24 

(•7) 

120.5;  A _2oo 

=  8.16;  A 

190.1  = 

5.94 

(96) 

a 

-75 

-170 

0.357 

-0.99 

(«7) 

(2) 

K  *148 

=  4.37 

A 1 84  = 

4.05;  A  236  =  3.90; 

A —252. 6  =  0.577;  A.sm 

=  0.508;  A —i  84  = 

A  320 

=  3.78; 

A  36S  = 

3.59;  A  750 

=  3.43; 

0.414 

(72,  77,  98) 

A 1050  =  3.26 

(”) 

Pd 

a 

0 

100 

0.674 

+0.68 

(  8  7  ) 

(3) 

An, 

A 150  = 

3.77;  D,  Aiso  =  3.68 

C,  A 1 60  = 

0 

100 

(Ao) 

-0.08 

(«) 

3.22 

(II7) 

Pt 

a 

0 

100 

0.695 

+0.53 

(57) 

(4) 

157 

1 

3.18 

1 

(1  1  7) 

0 

100 

(Ao) 

+  1.8 

(6) 

(5) 

An, 

A 175  = 

2.09;  D,  A i*s  =  2.18 

(II7) 

a 

A -262 

4  =  3.62;  A —1817 

=  0.758; 

A'o  = 

(6) 

0.63  %  P,  Aoo 

=  1.05;  1.98%  P,  Am  =  0.523 

(89>;c/.  (") 

0.695;  An. 

i  =  0.697;  A  100.7  =  0.702 

(77) 

16 

555 

0.00444  +4.06 

1 

(55) 

Rh 

a 

0 

100 

0.894 

-1.0 

(*) 

Wrought  iron,  C  ^  0.1  c'0:  v.  also  (27»  29 ) 

Sb 

a 

0 

100 

0.186 

-  1.4 

1 

(70) 

0 

100 

(Ao) 

-0. 14 

(57) 

A_183 

=  0.2025;  Ao  =  0.1716  (.1***  = 

0 

100 

(Ao) 

-0.65 

(5  7  ) 

0.0141) 

(25) 

0 

100 

(Ao) 

-0.23 

(70) 

A  —1  S3 

=  0.4519;  Ao  =  0.2452  (.4***  = 

28 

58 

(Ao) 

-0.3 

(40) 

14.3) 

(25) 

a** 

-50 

-170 

0.623 

-1.16 

-8.26 

(67) 

a 

A  — 190 

=  0.367;  A_*o  =  0.217; 

Ao  =  0.186; 

(31);  cf.  (24) 

a** 

18 

-50 

(Ao) 

-0.136 

(67) 

Aioo  =  0.179 

tt 

Am  =  0.561 

K  ioo  =  0.545;  A200 

=  0.515; 

Se 

A  changed  by  illumination,  but  effect  is  very 

A  300 

=  0.486;  A  400  = 

0.444; 

A  6oo  =*  0.402; 

small.  (.Sec  p.  230.) 

=  0.364 

;  A  700  = 

0.352; 

A *oo  =*  0.322; 

Sn 

a 

0 

100 

0.657 

-0.8 

(S7) 

Asm 

=  0.326 

(53) 

° 

+  18 

-100 

(A,) 

-1.0 

(*7) 

Cast  iron,!*  C  2  3  % 

r.  also  (9*  43) 

a 

-100 

-170 

0.723 

-1.54 

(87) 

1 

A  200 

=  0.32; 

A 300  =  0.43;  A  400  =  0.60;  A 450 

8,  a 

0 

232 

0.657 

-0.41 

(’•) 

—  0.67 ;  A 500 

=  0.80;  Asso  -  0.86 

(42) 

l,  a 

232 

500 

0.369 

-0.66 

(18) 

2 

=  0.448 

(38) 

s,  a 

0 

1  232 

0.657 

-0.47 

(88) 

3 

Ana 

=  0.436 

I  (38> 

j  L  a 

1  232 

500 

0 . 342 

]  —  0 . 20 

(65) 

4 

20l  75l 

(K)o'  1 

1.0  (Ai  -  0.643) 

(43) 

Ta 

a 

0 

100 

0.544 

-0. 10 

(‘) 

5 

An  -  0.479;  Aioi  =  0.466 

(,7) 

1427 

1827 

0.73 

1+0.34 

(119) 

Mild  steel,  §§  C  =*  0.1 

%  ca.: 

T1 

8 

Am  =  0.392;  Aioo  “  0.405;  Aim  -  0.3S9; 

i 

01-1701 

0.485 

1+0.15  | 

(67) 

A 100 

=  0.445 

(■‘) 

2 

A 17  =  0.555;  Ass  =  0.544 

(39) 

1 

350 

0.247 

(*•) 

3 

=  0.916; 

0.846: 

Am.  -  0.771; 

wttt 

1 

0 

100 

(Ao) 

-0.  10 

(*) 

A 672  “  0.S00;  A 750  ™ 

0.754; 

A 1050  ™  0.745 

(4T);  c/.  («2) 

2 

A 1227 

=»  1.01;  A*  1427  ™ 

107;  A 

ur>  -  1.12: 

lI2#);«/.(6*) 

Tool  or  high  carbon  steels,  |]  |I  C 

-  1  %  ca.: 

Au»7  =  1.17;  A joj7  -  121; 

Amt  ••  1.25; 

1 

0 

100 

(Ao) 

1 

-0.09 

(S7);e/.  (34> 

3 

A  2427  ™  1 

29 

2 

30 

A,  = 

0.559  -  0  1  356  - 

A?27 

—  10.84);  A  i2?7  ■■  0.99; 

0.0812c 

(102) 

1  A 1727  “  1 

11;  A  rttt  -  1.21 

Am.  -  (1 .27) 

(*•) 

1  A. 

_ 

0.509  - 

0.08335 

Zn 

a 

0 

100  1.13 

-0.15 

|  (,7) 

— 

0.0774c 

(102) 

a 

+  18 

-125 

I  f  Ao) 

-0.081 

(*7) 

A 

0.537  -  0.1306  - 

-125 

-17C 

1.13 

-0.74 

1  (*7) 

0.129c 

(102) 

a,  a 

0 

42C 

1.13 

i-0. 10 

-0.83 

|  (**) 

3 

4C 

0.425 

0.60 

Unv. 

(*°*);  c/. 

l,  a 

420 

61 M 

0. 587 

-0.13 

(**) 

(37,  67) 

A 100 

■i  1.07;  A  wo  ™*  1.02.  A  wo  ■  0.99 

|  (**) 

4C 

I 

T,  0.0062 

2.5 

Unv. 

(»°‘);c/. 

ZnO 

j 

0  00695 

(116) 

(37.  ®7) 
<los);c/. 
(17,  87) 
(*  *•);  ef. 

(17,  37, 
(106) 
(108) 
(108) 
(106) 


*  Commercial  aluminium. 

t  Set  alto  p.  231,  Table  15.  .4  -  mean  area  of  crystals;  unit  -  1  mm*. 

X  Bi  powder,  compressed  5000  kg /cm*. 

6  (1)  -  Gas  carbon,  d  -  1.42  i/cm1.  i.2)  -  Lampblack.  (3)  -  Untreated 
lamp  tilaments.  (4)  -  Carbon  "  Idler.”  (5)  -  Petroleum  coke.  (6)  -  Carbon 
electrodes  for  furnaee*.  A  measured  under  operating  conditions 

|  (1)  -  Graphite,  d  -  2.11.  (3)  -  Solid  graphite,  d  -  1.58.  (4)  -  Ache 

son  graphite.  (5)  -  Graphite  electrodes.  A  measured  under  operating  Condi- 
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6  -  Graphite  “Idler."  (7),  (8),  0)  =  Powdered  graphite,  com¬ 
pressed  kg/cm1;  d  =  0.70,  0.-J2,  and  0.48,  respectively;  the  powder  passed 
sieves  of  8,  If),  and  40  meshes  per  cm,  respectively. 

c  (j  Natural  crystal.  (2)  =  Cu  electrode,  K  measured  under  operating 
conditions.  (3)  =  Electrolytic  Cu;  An  =  annealed,  Cu  =  99.98  %;  T)  =  hard- 
drawn,  Cu  =  99.97  %;  C  =  cast,  Cu  =  99.98%.  14)  =  I.ake  Cu,  cast,  Cu  = 
99.76  %.  (5)  Contains  Cu,  99.4  1  %;  N*i,  0.20  %;  Fe,  0.036  %;  As,  0.231  %;  An 
=  annealed:  D  =  hard-drawn.  (6)  Cu  containing  P,  as  indicated.  Additional 
references  for  Cu:  (9  >>.  2°-  34>  35‘  61>  63>  76>  9 10M- 

**  Contains  99.4  %  Fe,  0.14  %  Mn,  0.13  %  Ni,  0.1  %  C. 
tt  Swedish  charcoal  iron. 

IX  (1)  3.5  %  C,  0.64  %  Mn,  2.2  %  Si;  Soft  gray.  (2)  Very  brittle,  d  =  7.06; 
Southern.  (3)  3.64  %  C,  1.33%  Si,  0..r>9  %  P;  Gun-iron.  (4)3.5%  C,  0.52% 
Mn,  1  40  %  Si,  0.55  %  P,  0.052  %  Cu,  0.106  %  S.  (5)  3  %  C,  1  %  Mn,  3  %  Si,  1 
%  P. 

§§  2.  Open  hearth,  boiler  plate;  0.1  %  C,  0.35  %  P.  3.  Cold-rolled  mild  steel; 
electrodes. 

[Ill  2.  Krupp  carbon  steels;  12  kinds:  C,  0.14  %  to  1.5  %;  Si,  0.05  %  to  0.34  %, 
Mn,  0.27  %  to  0.67  %;  P,  0.01  %  to  0.051  %;  S,  0.014  %  to  0.044  %;  Cu,  0.05  %  to 
0.13  %.  /  1  forged;  a  -=  annealed  in  v aruo,  900°C,  1  hr;  q  =  quenched  in  oil 

from  900°C.  In  the  equations  in  the  table,  b  =  sum  of  atomic  percentages  of 
Mn  and  Si;  c  =  %  C.  _ . 


t  = 

30  | 

100  | 

200  | 

300  | 

400  | 

500  | 

600  | 

700 

800 

850 

c,  %  | 

1000  Kt  (53) 

0.18 

452 

452 

452 

427 

402 

372 

360 

364 

305 

309 

0.44 

339 

339 

339 

335 

326 

305 

297 

259 

305 

309 

0.64 

439 

439 

435 

410 

410 

337 

355 

339 

251 

259 

0.80 

423 

435 

423 

423 

402 

389 

352 

393 

297 

293 

1.02 

431 

423 

431 

414 

414 

402 

381 

414 

309 

318 

1.30 

360 

360 

368 

368 

360 

339 

318 

414 

326 

322 

1.50 

360 

360 

364 

355 

347 

326 

309 

372 

272 

272 

For  relation  of  K  to  electrical  conductivity,  see  Table  1,  Fe-C. 


3.  Steel  stampings,  stacked.  L  =  along  the  laminations,  T  =  across  them; 

by  inserting  suitable  material  between  the  sheets,  K  can  be  increased  some  3  or 
4  times.  *‘W.  A."  silicon  steel  gave  results  similar  to  those  tabulated.  Lnv. 

=  unvarnished:  Asp.  =  coated  with  asphalt  paint;  Var.  =  varnished. 

4.  Sheet  steel,  sheets  stacked  and  under  pressure  of  8.7  kg/cm2;  about  3  %  of 

total  volume  =  air  space  and  9.5  %  =  varnish,  (a)  =  ordinary  sheet  steel; 

(6)  =  same,  enamelled;  (c)  =  silicon  sheet  steel,  oxide  coated;  (d)  =  same, 
enamelled.  T  denotes  that  K  is  measured  across  the  laminations. 

1!1f  Compressed  powder. 

***  A  =  Mean  area  of  crystals;  unit  =  1  mm2. 

ttfl.  "Pladuram.”  3.  Aged  W  filaments,  values  in  parentheses  are 
extrapolated 

Table  5. — Thermal  Conductivity  ( A )  of  Alloys  and  Amalgams 

For  certain  commercial  metals  (Fe,  Cu,  etc.),  see  Table  4. 

The  alloys  are  arranged  in  alphabetical  order  of  the  symbols  of 
their  constituents. 

A  superior  a  prefixed  to  a  conductivity  (“A,  “0.208)  denotes  that 
the  observations  have  been  adjusted  to  accord  with  the  conduc¬ 
tivities  of  the  pure  constituents  as  given  in  Table  3. 

(I  =  density;  Z  =  liquid;  s  =  solid;  V,  t"  indicate  the  range  over 
which  the  temperature  formula  applies;  a,  /3  are  the  coefficients  in 
the  equation 

Kt  =  AV  [1  +  (10)-3a(Z  -  V)  +  (10)-«/3(Z  -  t’Y] 
unless  “(A  0)  ”  is  written  in  the  AV  column,  then  Kt  =  A0  [1  + 

(10)_3aZ  +  (10)_6j3Z2],  «o  always  refers  to  the  equation  Kt  =  A0 
(X  q.  (I0)~3ao0;  v  =  electrical  volume  resistivity.  Unless  other¬ 
wise  indicated,  the  composition  is  expressed  in  grams  of  constit¬ 
uent  per  100  g  of  alloy.  All  temperatures  are  centigrade. 

I 'n it  of  K  =  1  watt /(cm  °C)  =  0.2389  cali5/(cm  sec  °C)  = 
1.338  X  10-3BTUdo/(in.  sec  °F);  of  d  =  1  g/cm3. 


Ag-Au  (10°) 


Au 

“A. 

“A"  i  oo  | 

Au 

°A0 

aTv  ioo 

At.  % 

Wt.  % 

,  At.  % 

wt.  % 

0 

0 

4.19 

4.12 

50.9 

65 .4 

0.64 

0.92 

5.0 

8.8 

2.33 

2.53 

55 . 1 

69.2 

0.76 

0  94 

9.7 

16.4 

1 .60 

1 . 69 

59.9 

73.2 

0.71 

o  96 

14.5 

23.6 

1  43 

70.3 

81 .3 

0.80 

0  98 

20  0 

31  4 

0  99 

1  .28 

81 .3 

88.8 

o  98 

l  26 

30.2 

44  2 

o  87 

1  04 

89  3 

93  8 

1  38 

1  .62 

39  7 

52  3 

0  78 

1  .00 

95.1 

97  3 

1  86 

2.15 

45.4 

60.3 

0.76 

0  97 

100  0 

100  0 

2.96 

2  95 

Ag-Cd 

100) 

Cd 

At.  % 

Wt.  % 

•A.  1 

“A  ioo 

0 

0 

4.19 

4.12 

5 . 7 

5.9 

1.65 

1 .92 

11.6 

12.0 

1 .05 

1  32 

19.9 

20.5 

0.80 

0.96 

27.7 

31.4 

0.73 

0  92 

Ag-Cu 

(105) 

Cu 

TV  62  | 

Cu 

Ac2 

0 

4.05 

50 

3.12 

5 

3.52 

55 

3.14 

15 

3.43 

60 

2.75 

25 

3.30 

70 

2.63 

35 

3.19 

80 

2.67 

40 

3.11 

90 

3  02 

45 

3.13 

95 

3.25 

47 

3.11 

100 

3.82 

Ag-Pb 

(105) 

Pb 

A 60 

0 

4.  Of 

10 

0.988 

20 

0.744 

30 

0 .577 

40 

0.561 

50 

0.489 

60 

0.439 

70 

0.395 

80 

0.381 

90 

0.362 

100 

0  347 

Ag-Pc 

(99) 

Pd 

“A25 

Pd 

°A!6 

0 

4.17 

60 

0.27 

10 

1.44 

70 

0.32 

20 

0.85 

80 

0.37 

30 

0.58 

90 

0.48 

40 

0.46 

100 

0.67 

50 

0.32 

Ag-Pt 

(99) 

Pt 

a  A  25 

0 

4. 

17 

10 

1 . 

00 

25 

0. 

39 

30 

0. 

31 

33 

0 

30 

Ag-Sn 

(105) 

Sn 

Tv  go 

Sn 

A*60 

0 

4.05 

60 

0.611 

10 

0.297 

70 

0.611 

20 

0.196 

80 

0.61 1 

27.5 

0.393 

90 

0  602 

40 

0  490 

100 

0  632 

50 

0.577 

Ag-Sn 

(46) 

Sn  = 

4% 

t  = 

53.0 

75  5 

A  = 

0  55 

0.57 

Ag-Tl  (46) 

2.73 

%T1 

4.76 

%T1 

i 

A 

t 

A 

23.5 

1  .58 

48.5 

1  10 

37.5 

|  1  62 

88.0 

1  15 

Ag-Zn  (ioo) 
Zn 


At.  % 

Wt.  % 

“A„ 

“A  ioo 

0 

0 

4.19 

4.12 

4.0 

2.5 

2.14 

2.28 

8.8 

5.6 

1 .60 

1 .81 

11 .9 

7 . 6 

1  .49 

1  72 

16.3 

10.5 

1  .43 

1  . 65 

Al-Cd-Cu-Mg-Mn-Zn  (22 


“Dow-metal”  alloys,  sand  cast 


a 

b 

c 

A1 . 

8.0 

2.0 

8.3 

Cd . 

1 .0 

2.0 

1.0 

Cu . 

1 .0 

3.8 

2.0 

Me 

90.0 

92.0 

88.0 

Mn . 

0.2 

0.2 

Zn . 

0.5 

A  200 . 

0 . 753 

1  .22 

0  737 

Al-Cr-Cu-Fe-Si 

t  =  30°  (13) 

Cr  I  Cu  Fe  !  Si  d 
0.87  1.78  0  920. 38 %|  2.74 
Annealed  30  min  at  4.50°, 
A"  =  1.09;  chill  cast,  K  =  1.05. 

Al-Cu 

Aluminium-bronze  (3 * * 6 * *) 

Cu  =  90%;  A  =  0.753;  t  =  ? 

Al-Cu  (10S);  see  also  Al-Mg 


Cu 

K  63 

Cu 

A  03 

0 

2.11 

60 

0.753 

10 

1.61 

70 

0.744 

20 

1.45 

80 

0.293 

30 

1.30 

90 

0.310 

50 

1 .00 

100 

3.85 

Al-Cu-Fe-Mg-Mn-Ni-Si- 


Sn-Zn  (13) 

t  =  30°;  A,,  chill  cast;  Aj, 
annealed  30  min  at  450°C. 

AV  is  approximately  same  for 


all  these  alloys. 

Alloy 

Cu 

Si 

Fe 

Mn 

a 

0.137 

0 . 509 

b 

11.88 

0.80 

c 

12.21 

0.30 

0.62 

d 

12.17 

0.22 

0.64 

0.98 

e 

8.42 

0.27 

0.70 

0.71 

/ 

4.32 

0.38 

0.87 

0.55* 

!7 

8.07 

0.38 

0.63 

Zn 

h 

2.70 

0.39 

0.57 

12.02 

i 

2.57 

0.37 

0.57 

20 . 32 

Alloy 

d 

A, 

A"  2 

a 

2.70 

1.86 

2 . 00 

b 

2.67 

1.31 

1.78 

c 

2.93 

1.24 

1.48 

d 

2  92 

0.93 

1.33 

e 

2.81 

1 .02 

1.35 

/ 

2.78 

1.22 

1.52 

0 

2 . 83 

1.39 

1.67 

h 

2.94 

1.32 

1.33 

i 

3.20 

1.07 

1 .08 

•  |  b<  %  Mg  m  0  *  Z(  ppeHn 


THERMAL  CONDUCTIVITY  METALS  AND  ALLOYS 


Al-Cu-Fe-Mn-Si-Zn  (H7| 


a 

b 

c 

d 

e 

Al 

99.49 

91 . 17 

92.05 

91.44 

91 .33 

Cu 

0.07 

7  61 

6.78 

7.30 

8.04 

Fe 

Mn 

0.30 

0 . 56 
0.35 

0.58 

0.36 

0.59 

0.41 

0 . 63 

Si 

0.30 

0.31 

0.23 

0 . 23 

Zn 

0.07 

Tr. 

Tr. 

0.03 

t 

136° 

163° 

173° 

172° 

154° 

A 

1 .97 

1.38 

1.42 

1 .38 

1.46 

a  =  No.  1  commercial  hard  drawn  aluminium. 
b  =  All  pig  Al,  sand  cast,  c  =  Scrap  Al,  sand  cast. 
d  =  50%  pig  Al,  50%  scrap  Al,  sand  cast. 
e  =  All  pip;  Al,  chill  cast. _ _ 

Al-Cu-Fe-Mn-Sn-Zn  (21) 
Manganese  bronze;  high  tensile  brass 


Al 

|  Cu  |  Fe 

|  Mn 

1  Sn  | 

Zn 

0 . 95 
t' 

0 

57  14  1.84 

t"  A0 

400  0 . 670 

2.33 

a 

0.72 

0.26 

0 

0.16 

37.48 

Al-Cu-Sn 

Al-Mg  (22) 

Aluminium-bronze  (>>7) 

“Dow-metal”  alloy,  sand  east 

Al 

Cu  1  Sn  1  !  A 

Mg 

A2oo  ,  Mg 

A  200 

9 . 09 

89.87  |o . 47  240  0.73 

85 

0.611  j  94 

0.841 

- - 

88 

0.670  96 

0 . 942 

90 

0 . 720  98 

1.11 

92 

0.774  100 

1.57 

Al-Mg  (>05) 

a 

b 

c 

d 

€ 

/* 

Al 

0 

4.12 

10.12 

99 . 88 

97 . 52 

95 

Mg 

99.95 

95 . 82 

89.82 

0 

0 

0.5 

Cu 

Fe 

0.028 

0.028 

0.028 

0.027 

0.030 

0.48 

0.66 

4 

Mn 

Si 

0.014 

0.019 

0.023 

0.059 

1 . 07 
0.27 

0.5 

Acs 

1  .50 

0.665 

0.485 

2.09 

1.69 

1.85 

*  Composition  approximately  as  given. 


Al-Mg-Mn  (22) 

'Dow -metal”  alloy;  sand  cast 
Al  Mg  Mn  A>  oo 

5.8  94.0  0.2  0.845 


Sb 

0 

10 

20 

30 

40 

50 


Al-Sb 
A'i  2 
2.11 
1 .84 
1.59 
111 
1 .00 
0 . 807 


105 

Sb 

00 

70 

80 

9) 

100 


0.477 
0.418 
0.218 
0 . 243 
0.201 


Au-Cd  (>°°) 

Cd 

At.  %  I  Wt.  %  I  aA„  I  “A, oo 
0  0  2.96  2.95 

5.4  3.1  1.24  1.48 

8.7  5.1  !  0.96  1.17 

17.2  10.6  i  0.72  0.80 


Au-Cu  (100) 


Cu 


Sn 

0 

10 

30 

50 

60 


Al-Sn 

Am 
2.11 
1 .86 
1.73 
1.39 
1.25 


105  , 

Sn 

70 

80 

90 

100 


Am 
1.14 
0 . 950 
0.811 
0.628 


0 

9.5 

20.0 

30.2 
68.1 

79.3 
89.6 

100 


Wt.  % 

o 

3.3 

7.4 
12.2 
30.7 
55 . 3 
73  5 

100 


°A0 
2.96 
1.10 
0 . 68 
0 . 58 
0.59 
0.69 
1.04 
3 . 88 


“A  1M 
2.95 
1.35 
0.80 
0 . 69 
0 . 63 
0 . 72 
1.28 
3  83 


Al-Zn  >05) 


Zn 

0 

10 

20 

30 

60 

100 


Aw 
2.11 
1.62 
1.36 
l  32 
1 . 19 
1 . 16 


t 

I’d  “A 
0  2.96 
10  0.92 
20  0.56 
30  0.42 


Au-Pd 

-  25°C  199) 
Pd 
40 
50 
60 
70 


•A  I’d  “A" 
0.38  80  0.41 

0.35  90  0.52 

0.35  1(H)  0  67 
0.39 


Au-Pt 

t  =  25°C  (99) 

Pt  “A 


0 

10 

20 

30 

40 


2.96 

0.69 

0.38 

0.28 

0.24 


Au-Zn  (99) 


Zn 


At.  % 

wt.  % 

°A0 

°  AlOO 

0 

0 

2.96 

2.95 

4.9 

3.0 

1.18 

1.33 

10.1 

6.5 

0.67 

0.81 

Bi-Cd  >05 


Cd 

Am 

0 

0.079 

10 

0 . 1 29 

20 

0.163 

30 

0 . 209 

40 

0.251 

50 

0 . 339 

60 

0 . 393 

70 

0 . 489 

80 

0 . 597 

90 

0.720 

100 

0.941 

Bi-Cd-Pb-Sn 


Bi 


a 

bt- 


48 

50 


Cd 

Pb 

Sn 

t 

A, 

13 

26 

13 

( 

0.133 

11 

25 

14 

0 

0  184 

Wood’s  alloy,  melts  70°C  (* 10);  b 
=  0.268  if  18 —  170°C. 


Lipowitz’s  alloy,  melts  65°C  (67). 


Bi-Pb 

t  =  ?;  Volume  %  (98) 

Pb 
0 

0.43 
0.76 

1.53 
1.65 
2.69 

3 . 53 

8.53 
42.30 
74 . 77 


A 
0.0778 
0.0787 
0.0725 
0.0540 
0.0498 
0.0490 
0 . 0540 
0.0765 
0.122 
0.196 


Bi-Pb. — (Conlin  ued 
Pb  A 

94.41  0.310 

100 _  0.335 

Pb  =  46%  (weight)  (>6) 


t' 

t"  1  A,,  |  a 

0 

130  0.100  -0.48  s 

130 

300  1  0.90  +1.2  1 

Bi-Pb-Sn 

Rose’s  metal  (>>4) 

Bi 

Pb  1  Sn  I  t  At 

50 

25  25  1  12  5  0  167 

Bi-Sb 

(a)  Cast  metal  (30) 
Values  of  1000  “A 


0.95* 


0.0527 


•  Volume  %;  t  —  T 


224 
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Cd-Hg  (4  6) 


Jig 

t 

A 

5.14 

56 

0.84 

5.14 

95 

0.83 

10 

64 

0.72 

10 

82 . 5 

0.71 

Cd-Sb  (24) 
Values  of  “A 


Sb 

— 

190° 

- 

70° 

0° 

0 

0 

113 

0 

933 

0 

933 

33.3 

0 

139 

0 

118 

0 

112 

50 

0 

055 

0 

276 

0 

0226 

51.7* 

0 

386 

0 

214 

0 

0138 

66.7 

0 

272 

0 

179 

0 

0136 

100 

0 

290 

0 

218 

0 

186 

*  Equimolecular. 


Cd-Sn  (105) 


Sn 

A/s 

0 

0.942 

10 

0.875 

20 

0.837 

30 

0.783 

40 

0.754 

50 

0.699 

60 

0.653 

70 

0.645 

80 

0.594 

90 

0.557 

95 

0.536 

100 

0.628 

Cd-Tl  (105) 


T1 

A^3 

0 

0.970 

10 

0.865 

20 

0.799 

30 

0.754 

40 

0.703 

50 

0.662 

60 

0.582 

70 

0.535 

80 

0.494 

90 

0 . 444 

100 

0.440 

Cd-Zn  (105) 

Zn 

A  53 

0 

0.941 

10 

0.954 

20 

0.966 

30 

0.996 

40 

1.02 

60 

1.04 

70 

1 .07 

80 

1.09 

95 

1.13 

100 

1 . 16 

Co-Cr  (105) 


Cr 

Kb, 

0 

0.490 

10 

0.142 

30 

0.  130 

40 

0.105 

Co-Fe  (51) 

Cobalt  iron 

Wt.  %  of  impurities  in  “Fe” 
=  0.09  C,  0.288  Cu,  0.31  Mn, 
0.03  P,  0.026  S,  0.11  Si;  in  “Co" 
=  0.24  C,  1.4  Fe,  1.1  Ni,  0.14 
Si. 


Co 

A'30 

0 

0.457 

5 

0 . 402 

10 

0 . 395 

15 

0 . 409 

20 

0.438 

30 

0 . 503 

40 

0.599 

50 

0.712 

70 

0.721 

80 

0.512 

90 

0.402 

100 

0 . 692 

Similar  curves  found  for  other 

properties. 


Cr-Fe 

Chromium  steels  (7S) 
Annealed  from  900°C 


Cr 

A 

0 

0.418 

0.5 

0.416 

1 

0.402 

2 

0.400 

3 

0.374 

5 

0.305 

10 

0.218 

15 

0.186 

20 

0.179 

Quenched 

at  1100°C 

0 

0.410 

0.5 

0.371 

1 

0.369 

2 

0.364 

3 

0.291 

5 

0.186 

8.5 

0.162 

13 

0.140 

17 

0.130 

See  Fig.  1 

Cr-Ni  (105) 

Ni 

AT  56 

50 

0.117 

60 

0.126 

70 

0.109 

90 

0.197 

100 

0.586 

Cu-As-Ni-Sb  (21) 
Arsenical  copper;  Pb,  Sn  =  0 
Cu  I  As  I  Ni  j  Sb  j  A'o 
99 . 53o!f) .  389;  0 . 022|0 . 0032 . 13 
ao  =  0.088  if  0°  ^  t  <,  400°. 


Cu-Fe-Pb-Sn-Zn  (21) 


a  =  Phosphor  bronze,  b  =  Admiralty  gun-metal,  c  =  Ordinary 
gun-metal,  d  =  70:30  Brass,  e  =  Monel  metal,  /  =  White  bearing 
metal. 


Cu 

Fe 

Pb 

Sn 

Zn 

a* 

87 . 82 

0.17 

Tr. 

11.28 

Tr. 

b 

87.24 

0.21 

0.35 

10.02 

2.18 

c 

85.05 

0.21 

0 . 98 

8.72 

5.04 

d 

70 . 29 

0.31 

0.34 

0.35 

28.71 

ef 

29.07 

2.68 

0.84 

67 . 05 

ft 

4.00 

0.14 

0.12 

87.80 

*  a  contains  0.35  P.  t  e  contains  0.30  Si.  X  f  contains  7.73  Sb. 


v 

t" 

K0 

a 

0 

a 

0 

400 

0.481 

1.2 

0 

b 

0 

400 

0.544 

0.98 

-0.48 

c 

0 

400 

0.682 

0.49 

-0.15 

d 

0 

400 

0 . 963 

0.87 

-0.87 

e 

0 

400 

0.239 

2.3 

-2.8 

/ 

0 

200 

0.259 

3.1 

0 

Cu-Mn-Ni,  Manganin 
Cu  =  84,  Mn  =  12,  Ni  =  4  % 


t' 

t" 

|  AV 

a 

/3 

Lit. 

0 

100 

0.208* 

+2.7 

(57>  67) 

0 

-170 

“0.208 

+2.65 

+4.5 

1  (67) 

*  K o  =  0.208  ±  0.005. 


Cu-Mg  (22) 


“Dow-metal” 

Mg 

96.0 

alloy;  sand  cast 
A' 200 

0.325 

Cu-Mn  (105) 

Mn 

A/9 

0 

3.84 

10 

0.272 

20 

0.171 

30 

0.134 

40 

0.130 

60 

0.113 

80 

0.105 

Cu-Ni  (105) 

Ni 

A  67 

10 

0.389 

30 

0.242 

40 

0.226 

50 

0.226 

60 

0.226 

70 

0.289 

80 

0.306 

100 

0.586 

Cu-Ni 


Eureka,  Constantan,  etc. 


Ni 

t 

A, 

Lit. 

3.94 

38.5 

0.89 

(46) 

3  94 

56.5 

0.91 

(46) 

17  3 

53.5 

0.37 

(46) 

17.3 

75 

0.39 

( 46) 

46 

18 

0.202 

(36) 

Ni  (i°c) 


At. 

% 

Wt. 

% 

a 

A'o 

“J 

C100 

0 

0 

3 

88 

3 

83 

5 

.4 

5 

0 

1 

02 

1 

20 

10 

8 

10 

0 

0 

61 

0 

87 

21 

4 

20 

0 

0 

36 

0 

46 

41 

9* 

40 

0 

0 

22 

0 

29 

62 

8 

60 

9 

0 

24 

0 

00 

CN) 

82 

8 

81 

6 

0 

27 

0 

27 

100 

100 

0 

59 

0 

57 

*  Eureka,  Constantan;  Ko  =  0.218 
+  0.005  (6,  8,  57);c/.  (3);ifo°<  t  < 
100°,  ao  =  +2,4  (57),  q0  =  +0.7  (6). 


Cu-Ni-Sn-Zn 

“Rotguss”  (5  7) 


Cu 

Ni 

Sn 

Z11 

85.7 

0.58 

6.39 

7.15 

t' 

t" 

Kv 

a 

0 

100 

0 . 572 

2.4 

Cu-Ni-Zn 


German  silver  (67) 


Cu  = 

62,  Ni  =  15,  Zn  = 

f 

t"  I  AV 

a 

0 

100  0.239* 

2.7 

18 

— 170  (“Ao) 

1.8 

0 

— 170  0 . 243f 

2.7 

*  A'o  =  0.239  ±  0.015  («7.  70>  lIS); 
Cf.  (34.  79,  111),  ao  =  2.7  (7°). 

t  Platinoid,  approximately  same 
composition  as  German  silver  (67), 


Cu-Pb-Sb-Sn-Zn 


“S.  A. 

a 

b 

c 


E.  bearing  alloys” 
I  Cu  I  Pb  |  Sn 
3.58  0.19,92.49 
5.16  0.12  86.92 
7.07  63.94 


(n<; 

Sb 

3.74 

7.9 

28.84 


</*  79.04  9.55  10.8? 


*  Also  0.30  %  P. 


THERMAL  CONDUCTIVITY— METALS  AND  ALLOYS 


Cu-Pb-Sb-Sn-Zn.  -(Conl'd) 

Zn 
4.92 
2. SI 
0.89 


Cu  I  Pb 

Sn 

e 

84.93  5.01 

5.14 

5 

86.60  0.04 

10.55 

9 

85 . 29|  8.26 

5 . 56 

A75  1 

t 

A, 

a 

0.385 

d 

245 

0.456 

i 

0 . 260 

e 

232 

0.962 

c 

0.318 

/ 

247 

(i  585 

Q 

230 

0.741 

Fe-Mn 

Manganese  steels  (74);  cf.  (98) 
Wt.  %  of  other  substances  in 
“Mn”  =  1.90  Al,  0.07  C.  0.24 
Fe,  0.46  Si;  in  “Fe”  =  0.206  C, 
0.114  Mn,  0.05  P,  0.04  S,  0.06 
Si.  Points  of  inflection  near 
“Mn”  =1%,  they  exist  also 
in  curves  representing  other 
properties  of  these  steels. 


Cu-Sn,  5%  Sn  (46) 

A  <g  =  0.77 ;  AT91.6  1  0.8.1 

Cu-Zn  (i°°) 

Zn 


At.  % 

Wt.  % 

“Ao 

0  A 100 

0 

0 

3.88 

3.83 

7.1 

7.3 

2.11 

2.29 

14.0 

14.3 

1.55 

1.70 

27.3 

27  8 

1 .29 

1.45 

32.4 

33.0 

1.21 

1.39 

%  Zn  (46) 

t 

A, 

3.1 
3.1 
5 
5 


41.5 
73 
38 

75.5 


2.74 

2.76 

2.13 

2.09 


%  Zn  (H4) 

A 18 

11 

1.14 

13 

1.25 

18 

1.30 

32 

1.08 

Z11  =  18%;  A  =  mean  area  of 
crystals,  unit  =  1  mm2  (2S) 

A  AT_i83  Ao 

0.6  0.660  1.270 

11  0.650  1 . 295 

Brass,  Zn  =  30  % 
t '  t"  I  AV  1  a  Lit. 

0  j  100;  1.05*  +1.5  (70) 
u  -  75  4  05  +1.47  (67) 
7.-,  17n  *0  94  ■  2  34  "fi7i 

Yellow  brass,  K<  0.855  70 

Red  brass,  A0  =  1.03  (70) 

*  A'o  -  1.05  ±  0.05  o2'  26>  67>  70’ 
n«);  cf.  («>  2«). 


%  “Mn” 

A’ jo 

0.11 

0.544 

0.31 

0.468 

0.6 

0.422 

0.8 

0 . 399 

1 . 1 

0.412 

1.6 

0.356 

2.0 

0.316 

3.0 

0.260 

5.0 

0.184 

7.9 

0.155 

8.8 

0.147 

9.8 

0.148 

Fe-Ni  (56);  cf.  (3) 
Nickel-iron,  Invar,  etc. 


%  Ni 
0 
1 
2 
5 
10 
15 
20 
25 
30 
35  f 
45 
75 
100 
(i7). 


AT  65 

0.597* 
0.445 
0.422 
0.352 
0.289 
0.220 
0.209 
0  138 
0.118 
0.110 
0.146 
0.289 
0.586* 


t  Invar  (FejNi)  contains  about  55 
%  Ni.  Other  properties  also  have 
maximum  or  minimum  at  Ni  =  30  to 
40  %  


Nickel  steel  (Ivrupp)  (S8) 

Ni  =  30.4,  Mn  =  0.84,  Cu  =  0.26,  Si  =  0.14%  (weight) 

Heat  treatment  _ A  2f, _ 

Forged .  0.121* 

Annealed:  700°,  3  hr .  0.119 

Cooled :  f 

-26°,  2  hr  and  -29°,  1  hr .  0.120 

-70°,  7  hr;  -76°,  4  hr;  -78°,  2  hr .  0.120 

-165°,  3  hr  and  -185°,  1  hr  _ 6.124 

*  Ko  -  0.116;  26°  ^  I  ^  71.5°,  ao  -  1.78. 

t  Cooled  for  successive  and  consecutive  periods  to  temperatures  below  those 
indicated;  r.g..  in  fourth  cuse  the  specimen  was  cooled  below  -70°C  for  7  hr, 
below  —  76°C  for  4  hr.  and  below  -78°C  for  2  hr.  a  total  of  13  hr. 


Nickel  steels  (50) 

Alloys  of  low  carbon  steel  and 
commercial  nickel.  Wt.  %  of 
impurities  of  steel  =  0.09  C, 
0.288  Cu,  0.31  Mn,  0.03  P,  0.26 
S,  0.11  Si;  of  Ni  =  0.29  C,  4.2 
Cu,  1.25  Fe,  0.35  Mn,  0.17  S, 
0.15  Si. 

1000  A' jo 


“Ni,” 
Wt.  % 
0 
5 

10 

15 

20 

23 

25 

30 

31.5 
33 

35.5 
40 
60 
80 
90 

100 


A* 

410 

320 

258 

218 

175 

171 

130 

83 

78 

81 

81 

86 

151 

236 

304 

349 


C  t 

410 

302 

255 

214 

192 

188 

192 

188 

157 

134 


*  Annealed  from  900°C. 
t  Precooled  to  —  190°C. 


K-Na  (54) 

Equi-atomic  mixture 


t 

A, 

-15 

0.296  s 

-10 

0.292  s 

+  5 

0.229  I 

20 

0.243  / 

30 

0.249  l 

40 

0  257  Z 

Ferro-niekel  (3) 

Ni  =  25,  C  =  0.27%  (weight); 
Kt  =  0.181,  t  =  ? 

Fe-W 

Tungsten  steel,  (52);  cf. 

Fig.  2 

%  c  =  | 

0.3  | 

0. 

6 

0.6 

A* 

A 

*  1 

QX 

%  w 

1000  A 

0 

457 

422 

0.5 

419 

374 

1 

411 

360 

343 

2 

402 

350 

3 

356 

280 

5 

390 

6 

387 

356 

238 

10 

332 

15 

324 

309 

20 

270 

T 

'6 

182 

25 

221 

231 

167 

*  Annealed  from  900°C. 

t  Quenched  at  1  100°C. 

Ir-Pt  (6) 

%  Pt 

A|7 

A|00 

0 

0.590 

0 . 565 

80 

0.176 

0.176 

85 

0.234 

0.247 

90 

0.310 

0.314 

100 

0.690 

0  711 

Mn-Ni  005 


Ni 

A'eo 

10 

0.092 

30 

0.105 

40 

0 . 096 

50 

0.092 

70 

0.155 

80 

0.176 

90 

0.310 

100 

0 . 585 

Pb-Sb  (105) 

Sb 

K  M 

0 

0.347 

10 

0 . 263 

20 

0 . 230 

30 

0.218 

40 

0.213 

50 

0.202 

60 

0.202 

70 

0.197 

80 

0.188 

90 

0.202 

100 

0 . 202 

Pb-Sb 


Pb 

=  87, 

Sb  =  13  (16) 

l’ 

l" 

A„ 

a 

0 

248 

0 . 268 

+0.25  s 

248 

380 

0. 130 

+3 . 66  l 

Pb-Sn  (105) 


Sn 

K  64 

0 

0.348 

10 

0.360 

20 

0.372 

30 

0.385 

40 

0.414 

50 

0.465 

60 

0.489 

80 

0.544 

100 

0 . 632 

Pb-Sn 


Pb 

=  38, 

Sn  =  62  (16) 

t ' 

t" 

A ,/  |  at 

0 

180 

0.506  -0.56  * 

180 

420 

0.209  1  +1.671 

Pb-Tl (»05, 


T1 

A  «] 

0 

0.347 

10 

0.284 

20 

0.251 

30 

0.226 

40 

0.201 

50 

0.201 

60 

0.226 

70 

0.259 

80 

0.322 

90 

0.376 

94 

0.402 

96 

0.364 

98 

0.385 

100 

0.440 

220 


INTERNATIONAL  CRITICAL  TABLES 


Pd-Pt  (99) 


Sn-Zn, t 


(98) 


Rh 

0 

10 


A  l7 
0 . 690 
0 . 302 


zV  100 

0.711 
0 . 306 


Id. 

A  26 

Zn,  Vol.  % 

K  ? 

0 

0.67 

0 

1.045 

10 

0.56 

29.81 

0 . 933 

20 

0  44 

46.  17 

0.886 

30 

0.40 

63 . 05 

0.779 

40 

0 . 38 

76 . 66 

0 . 745 

50 

0.37 

87 . 22 

0.674 

60 

0.34 

91  07 

0.657 

70 

0 . 36 

100 

0 . 628 

80 

0.42 

S11  =  92,  Z11  =  8  (16) 

90 

0.43 

t'  I  t” 

AV 

a 

100 

0.70 

0  200  0 

.  590 

+0 . 425  s 

200  440  0 

.  230 

+2.5  / 

Tl-Sn  (105) 


Sri 

0 


A  6  3 

0.439 


Sb-Sn  (105) 

10 

0.301 

Sn 

Ai7 

20 

0 . 255 

0 

0.201 

30 

0 . 259 

10 

0.188 

40 

0 . 289 

20 

0. 176 

46.6 

0.330 

30 

0.197 

50 

0 . 372 

40 

0.213 

53.8 

0.385 

50 

0.268 

60 

0.418 

60 

0 . 306 

70 

0.436 

70 

0 . 352 

80 

0.486 

80 

0 . 398 

90 

0 . 557 

100 

0.628 

100 

0 . 632 
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NON-METALLIC  LIQUIDS 

For  glasses,  see  p.  229  and  Vol.  II,  p.  315 


The  data  pertaining  to  the  thermal  conductivity  ( K )  of  Liquids 
are  of  such  a  character  that  it  is  very  difficult  to  determine  from 
them  the  correct  value  of  K,  and  its  temperature  coefficient  for  any 
liquid.  The  data  for  water  are  the  best;  for  the  temperature 
coefficients  of  other  liquids  we  rely  almost  exclusively  upon  a 
single  observer  (4).  For  only  16  liquids  (Table  10-1,  p.  227)  is  it 
possible  either  to  set  useful  limits  between  which  K  probably  lies, 
or  to  determine  a  reliable  value  for  the  temperature  coefficient  of 
A.  Having  decided  upon  the  values  for  these  liquids  the  data  for 
other  liquids  which  have  been  determined  relatively  to  these  are 
adjusted  accordingly.  Similarly,  in  estimating  a  value  of  A  for 
a  liquid  which  has  been  studied  by  a  single  observer,  his  data  are 
modified  in  accordance  with  the  way  in  which  his  data  for  liquids 
which  had  been  studied  by  others  departed  from  what  seemed  to 
be  the  appropriate  values.  The  grade  of  the  observations,  or  the 
degree  of  confidence  with  which  the  data  here  given  should  be 
accepted  is  indicated  qualitatively  by  the  letters  A,  B,  C,  I).  A 
denotes  a  pronounced  consensus  of  opinion;  B  that  the  value  is 
supported  by  at  least  one  strong  observer;  and  D,  that  no  great 
confidence  should  be  placed  in  the  value. 

Several  expressions  relating  K  to  other  properties  of  the  liquid 
have  been  proposed.  Some,  such  as  A  <  cjj,  are  inequalities 
which  seem  to  be  too  pronounced  to  be  of  practical  value  (ls). 


An  equality,  which  was  early  proposed,  is 


K/My-. 

dc\  d) 


=  constant, 


where  c  =  specific  heat,  d  =  density,  .1/  =  molecular  weight. 
In  the  absence  of  reliable  data  for  K  and  c,  it  is  not  known  whether 
the  relation  is  valid  (l»  14,  34,  35)  \  third  relation,  involving 

(t>)  the  velocity  of  sound  and  e0  (  =  translational  energy  of  a  mole¬ 
cule  of  ideal  gas  at  1°K)  is  A  =  2e0r/5-,  where  5  =  mean  distance 
between  centers  of  adjacent  molecules.  Taking  5  =  (m/d)^J, 
where  m  =  mass  of  one  molecule,  results  approximating  closely 
to  those  observed  arc  obtained,  see  Table  6. 


THERMAL  CONDUCTIN'!  I'V — N ON-MET ALLIC  LIQUIDS 


Table  6. — Comparison  of  Observed  (A  with  Computed  (A, 
Conductivity  (4) 

Kc  =  2e0i >(d/m)^ 

Unit  of  y  =  104  cm/sec;  of  (d/m)**  =  10uem  2;  of  A,  Ac  =  10  5 
watt/(cm  °C);  t  =  30  


Formula  |  Substance  r  1  (<l 'm)*3  A,. A 


HjO 

Water . 

1.50 

10.4 

630 

601 

CS* 

Carbon  disulfide . 

1.18 

4.61 

219 

159 

CHiO 

Methyl  alcohol . 

1.13 

6.00 

274 

211 

CoHJk 

Ethyl  bromide . 

0.90 

3.97 

145 

120 

•  111 

Ethvl  iodide . 

0 . 78 

3.81 

121 

111 

CjILO 

Ethvl  alcohol . 

1.14 

4.74 

218 

180 

CsILO 

Acetone . 

1.14 

4.00 

185 

179 

c8h8o 

Propvl  alcohol* . 

1.24 

3.94 

U>7 

154 

C4H,oO 

Butvl  alcohol* . 

1.05 

3.49 

149 

167 

C4H,oO 

Ethvl  ether . 

0.92 

3.19 

119 

137 

c,hi2o 

Isoamyl  alcohol  . 

1.24 

3.13 

157 

148 

propyl  and  n-butyl  alcohols. 

Two  formulae  have  been  proposed  for  computing  the  conduc¬ 
tivity  of  a  binary  liquid  mixture.  One  (21)  is  (fi  +  t’i)Kn  = 
riK"  +  v>K",  where  vh  e2  are  the  volumes  of  the  pure  constituents 
and  n  is  a  constant  which  depends  upon  the  constituents.  The 
other,  proposed  by  the  compilers,  is  new  and  is  easy  to  use  if  a 
table  of  hyperbolic  sines  is  available,  v.  (3>  28>  29)-  It  is  K  sinh 
1()0M  =  A',  sinh  plM  +  A%_  sinh  p2M,  where  p,  and  p2  are  the  per¬ 
centages,  by  weight,  of  the  constituents  and  n  depends  upon  the 
constituents,  and  the  temperature.  Satisfactory  data  for  testing 
the  formula  are  available  for  only  6  mixtures,  for  these  it  fits  well 
within  the  limits  of  experimental  error;  for  values  of  m  see  Table  7. 
Table  7. — Thermal  Conductivity  of  Binary  Liqu:d  Mixtures 
at  20°C  (12»  20>  21) 

K  sinh  (100m)  =  K\  sinh  pm  +  A’2  sinh  pm\  O  =  degree  of 


confidence  ( see  p.  226).  _ 

Constituents  I  100p2o°  I  G_ 


1.34 

B 

1.30 

B 

0.40 

C 

0.90 

C 

0.48 

B 

Glvcerol-ethvl  alcohol . 

0.98 

B 

In  general  the  formula  1\  =  A'„.(l  —  ap)  represents  the  con¬ 
ductivity  of  aqueous  solutions,  p  =  grams  of  solute  per  100  g  of 
solution,  Kw  =  conductivity  of  pure  water  at  the  same  temper¬ 
ature,  and  a(  =  depression  coefficient)  is  a  constant  depending 
upon  the  solute  and  probably  upon  the  temperature.  In  certain 
cases  (notably  HC1)  the  linear  relation  is  not  applicable,  and  for 
some  dilute  solutions  one  observer  finds  K  >  A'«,  and  increases 
with  the  concentration  (nee  Table  8);  additional  observations  an1 
desirable.  For  aqueous  solutions  containing  two  solutes,  in  general, 
ap  =  aipi  +  «2pj-  (See  1  able  11.) 

Table  8. — Illustrating  Exceptional  Variation  of  1  iikrmal 
Conductivity  with  Concentration:  Aqueous 
Solutions  (18) 

For  these  solutions  K  >  A'„  and  increases  with  the  concen¬ 
tration  (C).  Accuracy  very  low,  degree  of  confidence  =  I). 

Unit  of  C  =  1  g-equiv. /liter;  of  K  =  10-6  watt /(cm  °C); 
tabular  values  are  K;  t  -  9 °C. _ _ _ 


Solute 

0 

1 

0.0001  0.001 

0.01 

0.1 

1 

CjIlCl  O  ..  t  richloroacetie 

acid . 

510 

518 

611 

678 

725 

810 

HjBOj,  boric  acid 

510 

513 

519 

563 

584 

KC1.*  potassium  chloride... 

510 

511 

565 

637 

726 

740 

•  Dntu  nt  variance  with  those  of  other  otmorvors.  <-/  Tnble  11. 


Table  9. — Thermal  Conductivity  of  Liquids  under 
I’ressure  f4) 

Quantity  tabulated  is  r,  =  1000  A,,  A'„  where  A’,,  conduc¬ 
tivity  at  temperature  t  and  pressure  /',  and  A„  =  conductivity  at 
temperature  t  and  1  atm. 

Unit  of  P  =  1000  kg/cm1  =  967.8  atmosphere  =  14  223 
lb. /in2;  grade  =  C  (v.  p.  2261. 


For¬ 

mula 

p 

Substance 

2  1  4  i 

6  I  8  ,  10  1  12  i 
1111 

t 

II20 

Water . 

1113  1210 

1293  1366  1428  F*  30 

CS, 

Carbon  disulfide . 

1310  1512 

1663  1783  1880  1902  30 

CH40 

Methyl  alcohol 

1342  1557 

1724  1864  1986  2097 

10 

C2II;,Br 

Ethvl  bromide . 

1327  1517 

1657  1768  1858  1928 

10 

c2h6i 

Ethvl  iodide . 

1232  1394 

1509  1592  1662  1724 

10 

c2h6o 

Ethvl  alcohol . 

1363  1574 

1744  1888  2014  2122 

10 

c3n6o 

Acetone . 

1315  1511 

1659  1786  1900  F* 

30 

(ML  <) 

Isopropyl  alcohol. 

1352  1570 

1743  1894  2028  2150 

10 

C4IL0O 

Ti-Butvl  alcohol . 

1307  1495  1648  1780  19(H)  2008 

30 

(LH.oO 

Ether . 

1509  1800 

2009  2177  2322  2451 

30 

C5H  i2 

n-Pentane . 

1483,1777 

1987  2163  2325  2481 

30 

c6hi2o 

Isoamvl  alcohol . 

1320  1524 

1686  1828  1955  2069 

30 

c7il 

Toluene . 

1286!  1470 

1604  1716  F* 

30 

Petroleum  ether 

1460  1752 

1970  2143  2279  2379 

30 

IfjO 

Water . 

11231225 

1308  1379  1445  1506 

75 

cs2 

Carbon  disulfide . 

1366  1607 

1 789 1 1 935 J 2054  j  2 1 54 

75 1 

CILO 

Methyl  alcohol . 

1365  1601 

1785  1939  2072  2191 

75 1 

C2ILBr 

Ethvl  bromide . 

1390  1609  1772  1907  2022  2121 

75  f 

C,H,I 

Ethvl  iodide . 

1265  1442 

1570  1671  1757  1837 

75 

C,H.O 

Ethvl  alcohol . 

14001650  1845  2007  2 1 52  2278 

75 f 

P.TTcO 

751 

c3h8o 

Isopropyl  alcohol.  .  . 

1 1399  1 638  181 2  1 962  2093  j 22 1 1 

75 

C4IL0O 

n  -Butyl  alcohol . 

1 358  1 559  1 720 1 1 859  1 985  2(  199 

75 

C4Il,oO 

Ether . 

1 5 1 8  1 814  2043  223 1  2394  2537 

75 1 

n.u.. 

y  .1112 

c6h12o 

Isoamvl  alcohol 

13481 1557 

1724  1868  1998  2126 

[75 

c7il 

Toluene . 

1355  1573  1738  1872,1987  2089 

75 

Petroleum  ether . 

1466  178C 

2026  2232  2409  2561 

75f 

Kerosene . 

1314  1501 

1654  1792  1  925  2054 

75 

*  Freezes  under  this  pressure. 

t  Boils  at  75°C  and  1  atmosphere,  but  liquid  at  pressure  of  a  few  100  kit  cm»; 
Ka  obtained  by  extrapolating  the  (A'p,  /')  graph. 

Table  10. — Thermal  Conductivity  (A')  of  Pure  and  of 
Miscellaneous  Liquids 

For  conductivity  of  solutions,  nee  Table  1 1 ;  of  binary  mixtures,  see 

Table  7 

Section  1  contains  all  liquids  for  which  the  data  are  of  grade  .t 
or  B ;  see  p.  226;  Section  II  contains  pure  organic  liquids,  grades 
C  and  /);  Section  III  contains  miscellaneous  liquids.  l  or  change 
in  K  on  fusion,  see  C7II9N.  CioH«N,  CioIImO,  (  at  12.6J120.  Na_- 
HP04.12H20. 

Kt  =  A%0  [1  +  a(t  -  20)],  0°  <  t  <  80°C;  the  true  value  of  A  ,, 
is  believed  to  lie  between  “Min.”  and  “Max.”  C,  =  grade  of  the 
data;  t  =  centigrade  temperatures;  M.  P.  =  melting  point.  < 
Only  for  liquids  in  Section  I  are  values  of  “Min..  Max.  and 
a  given,  s  =  solid;  l  =  liquid. 

Unit  of  K  =  10~6  watt/(cm  °C)  =  100  erg/(em  sec  C 
2.389  X  10-6  cabs/fcm  sec  °C);  of  «  =  (1°C).-1 

I.  Liquids:  grades  A  and  B  0\  p.  2261 _ 


Formula  Substance  A'»  Min  Max  B>iO.  C 


HiO 

Water . 

S87 

580 

595 

;  +2.81 

A  I 

(4,  14,  16,  SO, 

**•  J»);  cf. 

(6,  7,  10,  ia. 

22,  23,  32,  34, 

3ft) 

CS. 

Carbon  disiilbde. 

...  161 

145  1 

175 

-  1.18 

B 

(4,  t,  li);  cf 

10,  34) 

CHiO 

Methyl  alcohol 

.  200 

200 

220 

-0.53 

A 

1  (4,  »,  10,  JJ);  cf. 
11) 

228 
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Table.  10 — ( Continued ) 


Formula 

Substance  I/C20! 

Min.  I 

Max. 1 

100 Oct  | 

G 

Lit. 

CjHeO 

Ethyl  alcohol . 

182 

172 

190 

-0.71 

A 

(4,  12,  16,  20, 

35);  cft  (6,  7, 

1  0,  1  1,  23,  34  ) 

CsHsBr 

Ethyl  bromide . 

121 

100 

130 

-0.99 

B 

(«);  of.  C5) 

CjHsI 

Ethyl  iodide . 

111 

90 

120 

-0.33 

B 

(4);  cf.  (3S) 

CiH.O 

Acetone . 

179 

160 

190 

-1.34 

B 

(4.  9) 

C  H»0 

Isopropyl  alcohol . 

153 

140 

170 

-0.24 

B 

(4,  9) 

C.H.O) 

Glycerol . 

290 

275 

310 

+  2.62 

A 

36);  cf_  (7,  10, 
22,  23,  34) 

C4H10O 

n-Butyl  alcohol . 

168 

140 

200 

-0.50 

B 

(4) 

C4H10O 

Ether . 

138 

120 

145 

-0.47 

B 

I4- 9);  cf.  t10> 

34,  35) 

CSH,2 

n-Pentane . 

136 

110 

150 

-  1 . 03 

B 

(4);  cf.  (9) 

CiHuO 

Isoamyl  alcohol . 

148 

120 

160 

00 

O 

1 

B 

(4);  cf-  '»  39 ) 

C;HS 

Toluene ...  . 

160 

140 

190 

-1.44 

B 

1^4,  9,  17,  30,  35) 

Petroleum  ether . 

131 

120 

160 

-0.71 

B 

(4).  cf  (10,  36) 

Kerosene . 

151 

130 

170 

-1.46 

B 

(4);  cf.  (6>  36) 

II.  Pure  organic  liquids:  grades  C  and  D  ( v .  p.  226) 


Formula  | 

Substance 

t  1 

Kt 

ecu 

Carbon  tetrachloride . 

0 

110 

C2CI4 

Tetrachloroethylene . 

22 

126 

CHCI3 

Chloroform . 

12 

138 

ch2o2 

Formic  acid . 

12 

271 

C2H4Br2 

1,  2-Dibromoethane . 

>1 

118 

C2H4CL 

1,  2-Dichloroethane . 

20 

158 

c2h4o2 

Acetic  acid . 

20 

172 

C2LL02 

Glycol . 

0 

265 

c3h6o 

Acetone . 

20 

179 

c3h6o2 

Ethyl  formate . 

12 

169 

c3h6o2 

Methyl  acetate . 

12 

171 

C3H602 

Propionic  acid . 

12 

173 

C3H,Br 

Propyl  bromide . 

12 

126 

c3h7ci 

Propyl  chloride . 

12 

136 

C3H7I 

Propyl  iodide . 

12 

111 

c3h8o 

Propyl  alcohol . 

0 

167 

C4H5NS 

Allyl  isothiocyanate . 

12 

170 

c4h8o2 

n- Butyric  acid . 

12 

163 

c4h8o2 

Isobutyric  acid . 

12 

157 

c4h8o2 

Ethyl  acetate . 

19 

174 

c4h8o2 

Propvl  formate . 

12 

162 

C4H3Br 

Isobutyl  bromide . 

12 

134 

c4h9ci 

Isobutyl  chloride . 

12 

134 

c4h9i 

Isobutyl  iodide . 

12 

106 

c4h10s 

Ethyl  sulfide . 

12 

153 

c4h10o 

Isobutvl  alcohol . 

12 

157 

C6II,o02 

n  Valeric  acid . 

12 

152 

C5H 10O2 

Isovaleric  acid . 

12 

147 

C&H 10O2 

Methyl  butyrate . 

21 

168 

c6h10o2 

Propyl  acetate . 

12 

152 

CtHnBr 

Amyl  bromide . 

12 

118 

C5H11CI 

Amyl  chloride . 

12 

136 

CJInl 

Amyl  iodide . 

12 

104 

c6h12o 

n-Amyl  alcohol . 

0 

144 

c3h12o 

Dimethylethyl  carbinol .  . 

0 

124 

C6H5Br 

Bromobenzene . 

12 

129 

CeHaCl 

Chlorobenzene . 

12 

143 

CfiH6NO. 

Nitrobenzene . 

12.5 

1 1 58 

CeHe 

Benzene . 

20 

170 

C.HyN 

Aniline . 

0 

180 

CeII1202 

Isocaproic  acid . 

12 

142 

CsHiiO. 

'  Ethyl  butyrate . 

24 

166 

G  | 

Lit. 

C 

(9);  cf.  (35) 

C 

(3°) 

D 

(34,  35) 

D 

(35) 

C 

(30) 

C 

(30) 

C 

(20,  35) 

C 

(9) 

B 

(4>9) 

D 

(35) 

D 

(3S);  cf.  (ip 

D 

(35) 

D 

(35) 

D 

(35) 

D 

(35) 

C 

(9);  cf.  (35) 

D 

(35) 

D 

(35) 

D 

(35) 

C 

(30);  cf.  (ii. 
35) 

D 

(35) 

D 

(35) 

D 

(35) 

D 

(35) 

D 

(35) 

D 

(35) 

D 

(35) 

D 

(35) 

C 

(30);  Cf.  (35) 

D 

(35) 

D 

(35);  cf.  (11) 

D 

(35) 

D 

(35) 

C 

(9) 

C 

(9) 

D 

(35) 

D 

(35) 

C 

(9) 

D 

(9,  1  1,  34, 

35)* 

C 

(9>  3S);  cf. 
(23) 

D 

(35) 

C 

(30);  cf.  (35) 

Formula 

Substance 

t 

K 

G 

Lit. 

C6Hi202 

Methyl  valerate . 

21 

153 

C  1 

(30);  cf.  (ii. 

35) 

(  fiH  14 

Hexane . 

4 

142 

D  i 

(9> 13) 

C7H9N 

p-Toluidine  (M.  P.,  45°C) 

26 

159  s 

c 

(20) 

38 

138  s 

c 

(20) 

51 

121  l 

c 

(20) 

64 

113  l 

c 

(20) 

C7Ili402 

Amyl  acetate . 

12 

143 

D 

(35);  cf.  (ii) 

c7h14o2 

Ethyl  valerate . 

20 

149 

C 

(30);  cf.  (ii. 

35) 

C7Hl6 

Heptane . 

4 

141 

D 

(13) 

(  gH  10 

o-Xylene . 

21 

156 

C 

(9);  cf.  (H)t 

c8h10 

m-Xylene . 

21 

155 

C 

(9- 30);  cf. 

(14)i 

C8Hi602 

Isobutyl  butyrate . 

18 

144 

C 

(3°) 

c8h18 

Octane . 

4 

157 

D 

(13) 

C9H10O2 

Ethyl  benzoate . 

32 

160 

D 

(") 

c9h18o2 

Isobutyl  valerate . 

21 

137 

C 

(30) 

C9H 1802 

Amyl  butyrate . 

18 

142 

C 

(30) 

p 

0 

h* 

2; 

a-Naphthylamine  (M.  P., 

25 

163  s 

C 

(20) 

50°C). 

41 

146  s 

C 

(20) 

52 

117  l 

C 

(20) 

62 

117  l 

C 

(20) 

c10h14 

Cymene  (p-methylisopro- 

pvlbenzene) . 

12 

132 

D 

(35);  cf.  (11) 

c10h14o 

Thymol  (M.  P.,  13°C) . .  . 

12 

150  s 

D 

(2) 

13 

131  l 

D 

(2) 

C10H20O2 

Amyl  valerate . 

21 

138 

C 

(30) 

c„h14o2 

Isobutyl  benzoate . 

21 

144 

C 

(30) 

C12H 1602 

Amyl  benzoate . 

23 

(141 

C 

(30);  Cf.  (11) 

III.  Miscellaneous  liquids 


Formula 

Substance 

t  I 

Kt  | 

G  | 

Lit. 

CaCl2.6H20§ 

Calcium  chloride  (M. 

24 

627  s 

D 

(2°) 

P.,  29°C). 

30 

4  /  7  l 

41 

443 1 

Na2HP04.12H20 

Disodium  phosphate 

24 

548  s 

C 

(20) 

(M.  P.,  35°C). 

32 

514  s 

39 

502  l 

49 

477  l 

Olive  oil . 

4 

175 

C 

(31,  33); 

cf.  (7> 

34) 

Castor  oil . 

4 

181 

C 

(31,  33) 

Poppy  oil . 

4 

169 

C 

(  31,  33) 

Turpentine  oil . 

12 

127 

D 

(35);  cf. 

6,  10) 

Sweet  almond  oil. .  .  . 

4 

177 

D 

(32,  331 

Sesame  oil . 

4 

175 

D 

(32,  33) 

Lemon  peel  oil . 

6 

170 

D 

(7,  34) 

Peanut  oil . 

4 

1I68 

I) 

(32,  33) 

Nutmeg  oil . 

4 

156 

D 

( 32,  33 

Copaiba  oil . 

4 

115 

D 

(32,  33  , 

Canada  balsam . 

4 

Ins 

D 

(32,  33 

’ 

Kerosene . 

See  section  I 

Nee  also  Vol.  II, 

|  Petroleum  ether . 

See  section  I 

p.  151 

Tar  (“  Holzteer  ”) .  .  . 

79.5 

135 

D 

(8) 

Vaseline . 

15 

184 

C 

(20);c/. 

(24) 

*  In  deriving  Kt,  the  values  for  alcohol  and  toluene  were  considered, 
tin  deriving  Kt,  the  value  for  m-xylene  was  considered, 
t  In  deriving  Kt,  the  value  for  toluene  was  considered. 

§  Part  of  the  apparent  change  on  fusion  may  be  due  to  a  difference  in  the 
experimental  errors  pertaining  to  the  measurement  of  K  in  solid  and  in  liquid 
phase. 
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Table  11. — Thermal  Conductivity  (A'  of  Aqueous  Solutions 

A'  =  A'„,(l  —  10-6ap),  A'„.  =  conductivity  of  water  at  same 
temperature  as  applies  to  A',  p  grams  of  solute  per  100  g  of  solu¬ 
tion.  In  section  II,  computed  conductivity  is  A'f  =  A”.  [1  —  10  b 
(a\p\  +  aipt)\,  the  as  being  those  given  in  section  I.  Data  are 
relative  to  the  following  values  for  water:  A’n.s  =  5811,  AL„  =  587, 
A'j2  =  000.8,  unit  is  10-5  watt/(cm  °C).  For  exceptional  solutions, 
see  text  and  Table  8;  G  =  grade  of  the  data  (a.  p.  220). 

Unit  of  K  =  10-6  watt/(cm  °C). 


I.  One  Solute 


Solute 

P 

A  ,2 

a 

G 

Lit. 

HOI . 

12.5 

528 

c 

(14) 

25 

482 

38 

441 

H,SO, . 

30 

521 

464 

c 

(14,  35);  Cf,  (6) 

60 

438 

90 

354 

Nil, . 

26 

452* 

885 

B 

(20) 

C  1 2 1 1  22O  Ilf . 

25 

506* 

556 

B 

(20) 

52 

422* 

67 

361* 

Pb(XO,)2 . 

36 

563 

200 

C 

(14) 

Z11CI2 . 

17.5 

555 

473 

C 

(14) 

35 

508 

473 

C 

(14) 

ZnSO« . 

16 

578 

275 

C 

(14,  34) 

32 

555 

CuSO< . 

18 

577 

272 

C 

(14,  34) 

MgCl, . 

11 

576 

488 

C 

(14) 

22 

540 

MgSO< . 

22 

592 

144 

C 

(14) 

CaCl2 . 

15 

579 

309 

C 

(14) 

30 

550 

Sr  Cl  2 . 

25 

574 

216 

C 

(14) 

Sr(N(),).. . 

36 

560 

214 

C 

(14) 

BaCU . 

21 

584 

176 

C 

(14) 

NaCl . 

12.5 

587 

248 

c 

(14) 

25 

570 

NaBr . 

20 

564 

302 

D 

(14) 

in 

539 

Nr2SO« . 

10 

606 

20 

C 

(14) 

NaNO, . 

22 

571 

235 

C 

(14) 

44 

549 

Na»COj . 

10 

587 

320 

C 

(14) 

NaCjHjO*t . 

13 

589 

210 

D 

(14) 

23.1 

578 

KOII . 

21 

579 

221 

C 

(14) 

42 

550 

KOI . 

20 

558 

400 

C 

(14);  <•/•  (,8) 

KBr . 

40 

492 

473 

I) 

(14) 

KI . 

20 

527 

586 

D 

(14) 

40 

472 

00 

395 

KjSO, . 

10 

603 

(70) 

C 

(14) 

KNO, . 

1  10 

591 

347 

C 

(14) 

20 

559 

KjCO, . 

1  20 

|  575 

265 

C 

(14) 

II.  Two  solutes  (14);  grade  C  (a.  p.  2201 


s, 

S2 

P, 

P, 

A’jj 

A', 

Pb(NOj)t 

Sr(NO,), 

16 

18 

564 

564 

CuS04 

ZnSO, 

8 

12 

569 

573 

BaClj 

CaCl, 

1 

12 

575 

577 

NaCl 

KC1 

10 

10 

575 

567 

NaNO, 

KNO, 

20 

10 

563 

557 

III.  Sea  water  ( 1  9 

);  t  =  17.5°C; 

;  grade  C  ( 

v.  p.  226 

P§ 

.  0 

1  2 

3 

3.5  4 

K 

.  583 

569  1  563 

560 

55S  557 

*  A'jo;  for  NHi,  d  —  0.907  g/cm*.  t  Cane  sugar.  J  Sodium  acetate.  §  p  — 


grams  of  total  salts  per  100  g  of  sea  water. 
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GLASSES 

See  also  Vol.  II,  p.  101  and  errata  sheet 
Many  of  the  best  measurements  of  the  conductivity  of  glasses 
have  been  merely  incidental  to  the  measurement  of  some  other 
quantity;  in  such  cases  the  exact  composition  of  the  glass  has  not 
been  known  and  the  kind  of  glass  has  been  indicated  only  vaguely. 
The  two  observers  ( 3>  1 3)  who  have  especially  studied  the  variation 
of  K  with  the  composition,  have  not  used  the  most  convincing 
methods  for  measuring  K.  Consequently,  for  values  of  K  for 
glasses  of  known  composition,  we  must  rely  on  the  work  of  a 
single  observer,  but  his  values  receive  considerable  support  from 
the  observations  of  others  who  have  less  precisely  defined  the 
character  of  their  glasses. 

Table  12. — Thermal  Conductivity  (A')  of  Glasses  of  Typical 

Compositions 

Value  of  temperature  coefficient  is  uncertain;  it  is  probably 
>  o  (2,  6,  8,  9,  14). 

OC  =  ordinary  crown;  BC  =  borosilicate  crown;  PPC’ 
potash  phosphate  crown;  BPC  =  baryta  phosphate  crown; 
HLS  =  heavy  lead  sand;  OF  =  ordinary  flint;  HF  heavy  flint. 
Unit  of  K  -  10-s  watt/(cm  °C);  composition  is  by  weight; 


*  Grade  B.  li nuts  of  Ku  -  980  to  1090;  (3.  7);  cf  (•-  ».  •».  1  >•  14  "•  ,9> 
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Table  13  -Contuibutivk  Thermal  Conductivities  (0)  ok 
Oxides  in  Glasses  (3);  cf.  (13) 

100  K  -  0 1])\  +  Oipt  +  ■  ■  ■  On  Pm  A'  =  thermal  conductiv- 
ity  of  the  glass,  pn  =  percentage  by  weight  of  oxide  “ n.”  [For 
other  formulae,  see  (3i  ,3>  19).] 

Example:  Typical  flint  glass,  46.4%  PbO,  45.1%  Si()2,  0.5% 
Nad),  8.0%,  KjO;  hence,  100  K  =  518  X  46.4  +  1320  X  45.1  + 
194  X  0.5  +  250  X  8.0  =  85  714;  K  =  857  of  the  units  of  the 
table  =  857  X  10-5  watt/ (cm  °C)  =  0.00857  watt/ (cm  °C), 
which  agrees  well  with  critical  value  of  Table  12. 


Unit  of  Op/100  =  10-“  watt/ (cm  °C)  =  2.389  X  10~f>  caliS/(cm 
sec  °C);  t  =  45°C. 


Oxide 

0 

Oxide 

O 

1M>» . 

97!) 

|  AI2O3 . 

1082 

As  A)  6 . 

-  5506 

MgO . 

1552 

Sb203 . 

118 

CaO . 

396 

Si02 . 

1320 

BaO . 

526 

PbO . 

518 

Na  < ) . 

294 

ZnO . 

504 

K,0 . 

250 

B,0, . 

837 

LITERATURE 


(For  a  key  to  the  periodicals  see  end  of  volume) 


G)  Dina,  69,  9:  461;  99.  (2 )  Euoken,  8,  34 :  185;  1 1 .  0)  Focke,  8,  67  :  132; 

99.  (<)  Georgiewski,  63,  35:  609;  03.  (5)  Hecht,  S,  14:  1008;  04.  («) 

Kruger,  8,  5:  919;  01.  (7)  Lees,  63,  183:  481;  92.  (8)  Lees,  6,  62:  286; 

98.  (8)  Lees,  62,  191:  399;  98. 

(i»)  Meyer,  188,  1888:  41.  8,  34  :  596;  88.  G »)  Niven  and  Geddes,  6,  87 :  535; 

12.  (12)  Oddone,  22,  6  I:  286;  97.  (»*)  Paalhorn,  Visa.,  Jena,  1894.  G4) 

Peirce  and  Willson,  68,  34:  3;  98.  (ls)  Tadokoro,  169,  10:  339;  21.  (16) 

Venske,  188,  1891:  121.  G7)  Vesely,  100,  44:  441;  11.  G8)  Voigt,  188, 

1898:166.  8,  64  :  95;  98.  G  «)  Winkelman  a,  8,  67 :  160;  99. 

(2  0)  Winkelmann,  8,  67  :  794;  99.  (21)  Winkelmann  and  Schott,  8,  51:  730;  94. 

CRYSTALS 


The  isothermal  surfaces  surrounding  a  single,  constant,  point 
source  of  heat  in  the  interior  of  a  crystal  of  any  type  are  coaxial 
ellipsoids  of  constant  axial  ratios,  provided  that  the  distance  of 
the  surface  of  the  crystal  from  the  source  is  great  as  compared  with 
that  of  the  isothermal  surface.  The  thermal  conductivities  (a, 
B,  C )  along  the  several  principal  axes  of  these  ellipsoids  are  pro¬ 
portional  to  the  squares  of  the  lengths  of  the  semi-axes.  These 

are  the  principal  conductivities  of  the  crystal,  and  the  surface 
^2 

.  +  %  +  —  =  1  is  called  the  thermal  ellipsoid  of  the  material. 
ABC 


In  the  mathematically  most  general  case  there  are  certain  rota¬ 
tion  coefficients  (67),  but  these  have  never  been  found  in  any 
actual  crystal;  gypsum,  dolomite,  apatite,  and  erythrite  have 
been  carefully  examined  for  them  (63>  64>  75);  for  these  crystals 
they  are  certainly  <0.05%  of  A.  Hence  the  conductivity  of  a 
crystal  is  completely  specified  when  the  values  of  A,  B,  and  C  and 
the  orientation  of  the  thermal  ellipsoid  with  reference  to  the  crystal¬ 
line  axes  are  known,  the  conductivity  along  any1  axis  of  the  thermal 
ellipsoid  being  equal  to  the  square  of  the  length  of  that  semi-axis.2 

If  A  =  B  =  C,  the  crystal  is  thermally  isotropic;  if  A  =  b  t£  c, 
it  is  uniaxial,  the  axis  being  in  the  direction  of  the  C  axis,  if  A  ^ 
B  >  t*  A,  the  thermal  ellipsoid  has  two,  and  only  two,  central 
circular  sections,  and  the  crystal  is  thermally  biaxial,  the  direc¬ 
tions  of  the  axes  being  the  normals  to  these  sections.  If,  of 
A,  B,  C,  the  one  of  intermediate  value  is  less  than  the  average 
of  the  other  two,  the  crystal  is  said  to  be  thermally  +,  in  the 
contrary  case  it  is  — ;  in  the  former  case  the  thermal  ellipsoid  is 
prolate,  in  the  latter  it  is  oblate. 

By  convention,  the  crystallographic  axes  of  a  crystal  are  denoted 
by  the  letters  a,  b,  c,  if  three;  if  more  than  three,  the  interchange¬ 
able  ones  are  denoted  by  aj,  a2,  ...  If  there  is  a  unique  axis, 

1  Not  merely  along  a  principal  axis. 

1  For  an  experimental  test  by  directly  measuring  conductivities  other  than 
principal  ones,  see  (>*). 


that  is  taken  as  the  c  axis,  except  in  the  monoclinic  system,  where 
it  is  the  b  axis.  When  the  crystal  is  in  its  normal  position,  c 
vertical  and  the  plane  including  c  and  the  line  of  sight  either1 
includes  the  a  axis  or  bisects  the  angle  between  two  interchange¬ 
able  a  axes  which  are  not  mutually  perpendicular.  If  a  7*  b  ^ 
c  t£  a  and  axes  are  mutually  perpendicular  (orthorhombic  sys¬ 
tem  )  the  axes  are  always  so  chosen  that  a  <  b,  and  usually  so  that 
a  <  b  <  c;  a  is  called  the  brachy-axis,  b  the  macro-axis.  In  the 
monoclinic  system,  b  is  the  unique  axis,  c  is  the  inclined  axis  which 
is  parallel  to  the  prismatic  faces;  the  normal  orientation  of  the 
crystal  is  such  that  a  slopes  downwards  towards  the  observer. 
When  there  is  uncertainty  regarding  which  faces  belong  to  the 
prism,  a  standard  work  on  mineralogy  should  be  consulted.  The 
acute  angle  between  c  and  a  is  denoted  by  /?. 

In  the  triclinic  system  c  is  the  axis  parallel  to  the  prismatic 
faces  (same  uncertainty  as  before),  usually  a  <  b,  and  the  orienta¬ 
tion  is  such  that  the  a  axis  slopes  downward  towards  the  observer. 
The  angles  between  the  positive  directions  of  the  axes  are  denoted 
by  a,  7;  a  =  Zbc,  13  =  Zca,  7  =  Zab. 


Table  14. — Type  and  Orientation  ok  Thermal  Ellipsoid 


Optical  and 

Crystal  system 

thermal 

character 

Thermal  axes  and  orientation 

Cubic . 

Isotropic 

A  =  B  =  C 

Trigonal . ] 

A  =  B  7*  C;  C  coincides  with  c. 

Tetragonal . [ 

Uniaxial 

If  A  =  B  <  C,  crystal  is  +  ;  if 

Hexagonal . j 

A  =  B  >  C,  it  is  — . 

Orthorhombic . 

Biaxial 

A  ^  B  76  C  A  \  A,  B,  C  coincide 

with  a,  b,  c. 

Monoclinic . 

Biaxial 

A  it  B  t£  C  A;  B  coincides 

with  b,  C  is  that  one  of  the 
other  axes  which  is  nearest  to 
c;  9  =  ZcC  measured  in  direc¬ 
tion  of  Zca. 

Triclinic . 

Biaxial 

A  B  72  c  72  a.  For  no  crys- 

tal  of  this  system  have  the 
thermal  properties  been  com¬ 
pletely  investigated ;  for  im¬ 
portant  work  on  Cu80.|.5II20, 
see  (54). 

Empirical  Relations 

Thermal. — There  is  some  indication  (see  Table  16)  that  K  <x  T~l 
if  T  >  25°Iv;  in  region  20°K  to  25°Iv,  K  increases  rapidly  as  T 
is  reduced;  diamond,  however,  shows  little  change  until  T  is  small, 
and  then  seems  to  decrease  markedly.  Until  additional  obser¬ 
vations  have  been  made  we  can  do  no  more  than  assume  that  K  « 
T~y  holds  approximately  over  ordinary  ranges  of  T  (24>  25>  28). 
On  basis  of  same  observations,  it  has  been  suggested  that  the  smaller 
the  number  of  atoms  in  the  molecule  of  the  crystal  and  the  higher 
the  melting  point  the  greater  is  K.  At  their  melting  points, 
crystals  of  di-  or  tri-atomic  molecules  have  approximately  the 
same  K  (24). 

Light. — In  specimens  of  Se  which  are  electrically  sensitive  to 
illumination,  the  thermal  conductivity  is  increased  by  illumi¬ 
nation,  but  much  less  than  the  electrical.  The  effect  is  difficult  to 
detect.  It  is  claimed  that  the  effect  increases  with  the  wave¬ 
length  of  the  light  and  decreases  with  the  temperature  (4>  45»  53» 
62). 

Electrical. — It  is  claimed  that  the  higher  the  electrical,  the 
lower  the  thermal  conductivity,  and  that  whatever  increases  the 
former  reduces  the  latter.  (For  theoretical  treatment,  see  (32).) 
On  the  other  hand,  for  any  single  crystal  it  is  maintained  that  as 
the  orientation  changes,  the  reciprocal  of  K  varies  linearly  with 
thc  electrical  volume  resistivity  (,2). 
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Magnetic. — No  uniform  agreement  between  direction  of  maxi¬ 
mum  K  and  that  of  maximum  n\  in  calcite  they  coincide,  in  gypsum 
they  do  not  (71);  cf.  (40>  41).  For  effect  upon  Hi,  see  note,  Table 
1.5  (section  I). 

Mechanical. — No  data  for  effect  of  a  pure  strain;  for  effect  of 
longitudinal  compression  of  Si02,  see  note,  Table  15  (section  III); 
for  negligible  effect  of  torsion  on  Al,  see  note,  Table  15  (section  I). 

Theoretical  Relations 

As  the  quantum  theory  has  developed,  several  relations  con¬ 
necting  A  with  certain  atomic  constants  have  been  proposed  (16> 
17,  18,  23).  Unfortunately,  they  can  not  be  satisfactorily  tested 
until  more  data  are  available.  The  type  of  formula  is  illustrated 
by  the  following  expression  for  K,  which  is  based  upon  consider¬ 
ations  of  the  oscillation  of  the  atoms  in  the  space  lattice  (23): 

A'  =  :i*nf:,,.XaQ].)>'  '  '  ,  1’  -h  '  ^  -  1)« 

where  n  —  a  numerical  factor  depending  on  the  character  of  the 
space  lattice;  k0  =  Boltzmann’s  gas  constant  (1.37  X  10~18  erg 
deg.-1);  v  =  frequency  of  one  of  the  lines  in  the  “rest-strahlen  of 
Iiubens;  N  =  number  of  atoms  per  unit  area  perpendicular  to  the 
direction  of  flow  of  heat  in  the  crystal;  a  =  “centered  distance” 
between  two  neighboring  atoms  in  the  direction  of  flow  of  heat; 
h  =  Planck’s  constant  (6.554  X  10-27  erg  sec);  T  =  absolute 
temperature. 

Table  15. — Thermal  Conductivity  of  Crystals 
For  position  of  axes,  see  Table  14 

A,  B,  C  =  principal  conductivities,  G  =  grade  of  accuracy  ( see 
p.  226);  S  =  chemical  symbol;  t  =  temperature,  °C;  Hex,  Mon, 
Rho,  Tri,  Tet  denote  the  crystal  systems  hexagonal,  monoclinic, 
orthorhombic,  trigonal,  tetragonal.  The  crystals  are  arranged  in 
the  table  in  accordance  with  the  usual  scheme  except  that  all 
crystals  containing  Si  have  been  grouped  together  under  the  Si 
position,  and  of  these,  all  containing  Al  have  been  grouped  under 
the  Si  Al  position. 


Table  15. — (C  ontmued) 

Unit  of  A,  b,  <  =1  watt/eni  °C  =  107cgs  =  107erg  (cm  see 
°C)  =  0.239  cal/(cm  sec  °C). 

I.  Elementary  substances 


s 

System 

t  A 

A/C  j  G 

Lit. 

Al* 

Cub 

30  2  08 

r 

i  1  4  , 

Bi 

Tri 

18  0.0924 

1 . 39 1  A 

33,  36,  44,  5  5 )•  cf. 

35,  46  ) 

ci 

Cub 

0  2  ca. 

1) 

(2  5 

c§ 

Tri 

30  3.55 

4.0  C,  D 

(35,  37,  38 

Cu 

Cub 

0  4.1 

C' 

(60 

Sb 

Tri 

2.53  C 

(34,  35) 

Si 

Cub 

30  0.84 

c 

(37,  38  ) 

Te 

Hex 

0.66  C 

(35) 

*  A  twist  of  1.04°  per  pm  produces  no  change  >0.1 

t  Magnetic  field  (// )  =  4980  gauss,  normal  to  c,  increases  a/C  by  26.8  %  (,4  !. 
}  Diamond.  §  Graphite. 


II.  Compounds:  cubic  crystals,  t  —  0°C;  G  =  />; 
A  =  B  —  C  ~  K 


Formula 

A 

Lit. 

T1C1 . 

0 . 00978 

(28) 

TIBr . 

0.00815 

(28, 

AgCl 

0.0109 

(28) 

0.0110* 

(28) 

AgBr . 

0.0103 

(28) 

CaF. . 

0. 103t 

(56) 

NaCl . 

0.06971 

(24);  Cf.  (70,  76) 

NaClOj . 

0.0111 

(24) 

KC1 . 

0.0696§ 

(24,  25,  28) 

KI . 

0.0502 

(28) 

KCr(S04)2.12H20 . 

0 . 00554 

(24) 

*  Cerargyrite,  hornsilver  f  Fluorite,  t  Halite,  rock  salt.  5  Sylvite. 


III.  Compounds:  non-cubic  crystals 


Formula 

Substance 

System 

Optically 

A/C 

b/c 

0 

Lit. 

h5o* 

(NH4)H2P04 

(NH4)H2As04 

S1>..S3 

Sbj(Pb,  (  u2)jS« 

Bi:(Te,  S)»f 

CO(NH0* 

(  HI ,o04 

C ,  -,.H  jjO  „ 

iSiOj;  v.  also  p.  100 

Ice . 

Tri 

<  1 

(3,  26);  cf,  (68) 

Stibnite  . 

Tet 

Tet 

Rho 

- 

1 .28 

1 .42 

0.47 

0.29 

C 

C 

C 

(4°) 

(40) 

(34);  Cf.  (33,  61) 

Bournonito .  . 

Rho 

0.60 

0 . 58 

c 

(34);r/.  (61) 

Tetrad  vmite . 

Tri 

much  >  1 

D 

(35) 

Urea 

Tet 

+ 

0.79 

I) 

(40) 

Krvthritol 

Tet 

1  .14 

c 

(41) 

Cane  sugar . 

Quartz  § . 

i 

Tri 

+ 

+ 

+ 

0.575* 

1 ) 

11 

(24) 

(7,  24,  29,33,34, 
35,  42,  47,  59, 

61,  70);  cf.  (26, 
56) 

ZrSiO, 

Zircon . 

Tet 

_ 

0.81 

c 

(34,  35) 

(Zn,  Mn)*Si04t 

NiSi  F«.6H20 

Troostite . 

Tri 

+ 

0.73 

V 

(34,  35) 

Hex 

+ 

0  86 

c 

(40) 

(Al  silicates) 

Mica  (biaxial)  || . 

Mica  (ca.  uniax)  1 . 

Mon 

Mon 

5.84 

5.29 

6.30 

0  00 

V.  8. 

V.  8. 

c 

c 

(34) 

(34) 

Al uSisI' 

AljB.Si4Hi  ,(>2i  * 

Topaz . . 

Rho 

0  94 

0  95 

I) 

(7) 

Tourmaline . 

Tri 

1  35 

1) 

(34,  35);  rf,  (56, 

61,  66,  69) 

Hr5Al.Si«Oi8 

Emerald . 

Hex 

— 

0.81 

c 

(7,  34,  35,  61) 

(  Mg,  Fe  Al,  Fe  ,SiMH4Of,  * 
(Mg,  Fo)iAl*Si,H«0„t 
(  a4Alr.Sif.( );;. 1 1 
(V,  M.  IV  S,  O  11  t ) 

(  it7R4AliSi40,4t 

Na  .  Ca  t  AltSi4Ois.6HjO 

Staurolite . 

Penninite . 

Sea  polite . 

Epidote . 

Wsuvianite . 

Chabazite . 

Rho 

Tri** 

Tet 

Mon 

Tet 

Tri 

+  1  1 

0  94 

1.35 

0.71 

0  87 

0  90 

0.97 

0  81 

1.18 

+  14  5 

c 

c 

c 

c 

D 

D 

(34) 

(34,  35) 

(34,  35) 

(34) 

(7,  34,  35,  61  ) 
(34);  cf.  (35) 
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III.  Compounds:  non-cubic  crystals. — {Continued) 


Formula 

Substance 

System 

Optically 

A/C 

B/C 

s 

Ci  1  Lit. 

.\a6K.,AlsSis()34t 

Nephelito . 

Hex 

1.00 

c 

(35) 

I<  VISi  3(  )s 

Mon 

0.63 

0.90 

4« 

c 

(34);  cf_  (56,  61) 

Be2Si04 

Phcnacitc . 

Tri 

0.92 

c 

(35) 

CaFcoSiif )  ic.  I  IjO 1 

Ilvaite . 

Rho 

1  .33 

1 .01 

c 

(34) 

Cil  IV I  34*51  .j(  )  12 

Trcmolite . 

Mon 

0.36 

0.57 

5 

c 

(34) 

Ca(Mg,  Fe)3Si40i2f 

Hornblende . 

Mon 

0.50 

0.64 

5 

c 

(34) 

Na,s(Fe,  Ca)e(Si,  Zr)2C10,s1[ 

Eudialvte . 

Tri 

+ 

1 .28 

c 

(34,  35) 

K2Cu8‘Sii60,u.  Kill  2U 

Apophvllitc . 

Tet 

+ 

much  >  1 

I) 

(3S);  cf.  (34) 

Ti02 

Rutile . 

Tet 

+ 

0.62 

c 

(7,  34,  35,  61) 

Ti02 

Oc  tailed  rite . 

Tet 

- 

1 .80 

c 

(35);r/.  (34) 

SrS04 

( 'elestite . 

Rho 

1.08 

1  . 17 

c 

(34) 

Sn02 

Cassiterite . 

Tet 

0.7 

D 

(7,  34,  35);  ^ 

(61) 

Pb2Cl20 

Matlockite . 

Tet 

much  >  1 

D 

(3S) 

Pb2Cl2C03 

Phosgenitt' . 

Tet 

1  .00 

C 

(3S) 

PbS04 

Anglesite . 

Rho 

1 .25 

1.30 

D 

(34) 

PbS206.4H20 

Hex 

+ 

1.03 

C 

(40) 

Pb10P«Cl2O24 

Pyromorphitc . 

Hex 

- 

0.95 

C 

(34,  35) 

PbMo04 

Wulfenite . 

Tet 

1.00 

C 

(55) 

ZnC03 

Smithsonite . 

Tri 

>  1 

D 

(3S) 

ZnO 

Zincite . 

Tri 

>  1 

D 

(3S) 

f  Id  (NHi)/  16 

Hex 

+ 

<  1 

D 

(40) 

Hg2Cl2 

Calomel . 

Tet 

0.59 

C 

(35,  61) 

HgS 

Cinnabarite . 

Tri 

0.72 

C 

(35) 

Cu(NH4)2CL.2H20 

Tet 

— 

0.86 

C 

(40) 

AgsGeSe 

Argyrodite . 

Tri 

1.23 

C 

(55) 

MnCOj 

Rhodochrosite . 

Tri 

>  1 

D 

(  3  5  ) 

Fe203 

Hematite  (red) . 

Tri 

1 .201 

B 

(7,  33,  34,  35); 

Cf.  (2,  61) 

FeTiOj 

Ilmcnite . 

Tri 

1 .23 

D 

(35) 

co 

CO 

o 

Pyrrhotite . 

Ilex 

1.14 

D 

(35) 

FeCOj 

Sideritc . 

Tri 

— 

1.12 

C 

(3S);  cf  34) 

NiS04.6H20 

Tet 

— 

1.14 

C 

(40) 

AI2O3 

Corundum . 

Tri 

+ 

0.85 

C 

(35);  cf,  (34,  61) 

MgC03 

Giobertite . 

Tri 

— 

1.10 

C 

(3S);  Cf  (34) 

MgPt(CN)4.7H20 

Tet 

+ 

1.18 

C 

(40) 

Mg2Fe(C03)s 

Mesitite . 

Tri 

— 

1.12 

C 

(34,  35) 

CaS04 

Anhydrite . 

Rho 

0.94 

0.89 

C 

(34) 

CaS04.2H20 

Gypsum . 

Mon 

0.64 

0.42 

+  17 

C 

(34) ;  cf.  (11.  59. 

61) 

CaS206.4H20 

Hex 

— 

0.92 

C 

(40) 

Cai0P6(F,  01)2024 

Apatite . 

Hex 

— 

0 . 85 

D 

(7,  33,  34);  cf. 

(75) 

CaC03 

Calcite . 

Tri 

— 

0.84i 

A 

(7,  34,  35,  42,  61, 

70  ;  Cf  (56) 

CaC03 

Aragonite . 

Rho 

>  1 

<  1 

D 

(34);  cf.  D 

CaCu  (C2H302)  4.8I  IjO 

Ca  Cu  acetate . 

Tet 

+ 

0.83 

C 

(4°) 

CaW04 

Scheelitc . 

Tet 

0.90 

C 

(35) 

CaCe2F2C2(J61[ 

Parisite . 

Hex 

1 .25 

C 

(35) 

CaMg(C03)s 

Dolomite . 

Tri 

— 

1.10 

C 

(7,  34,  35,;  cf. 

(75) 

BaS04 

Barite . 

Rho 

1.13 

1 .05 

C 

(34);  cf'  (7,  56) 

kh2po4 

Tet 

— 

1 .45 

C 

(40) 

KH2As04 

Tet 

— 

1 .29 

c 

(40) 

K4CdCl, 

Hex 

4- 

0.87 

c 

(4») 

2KNa(NOs)i  +  K4Fe(CX)6 

Hex 

— 

1 .16 

c 

(40) 

I  hernial  conductivity  of  single  crystals  of  ice  has  not  been  studied;  indirect  evidence  (especially  from  orientation  of  crystals)  indicates  .t  <  c.  but  can  give  no 

estimate  of  magnitude  of  a/c  (3>  26);c/.  (®8). 

t  Composition  variable  In  vesuvianite,  It*  —  Ca4,  (AIOH)i,  (A102H)4,  or  Hi.  Hornblende  contains  A1  and  Na. 

t  For  SiOj,  .4 30  =  0.065  (3«.  2®.  2®.  «2,  70);  fy  (26,  56,  76),  grade  B.  Fe-Oi,  Aso  =  0.146  (2®),  grade  C;  Calcite,  Cn  =  0.0418  («2,  70);  cf_  (24,  56)t  grade  B- 

CisHuOn,  not  cubic,  conductivity  in  direction  not  stated  =  0.0058  at  0°C  (2«),  grade  D. 

§  Ratio  a /c  is  increased  by  pressure  to  r-axis  and  diminished  by  pressure  J_  to  c-axis;  change  in  A  f C  (pressure  not  stated )  amounted  to  about  10  %  (6 1 1 ;  cf.  (3* ). 

H  These  micas  not  clearly  defined.  Conductivity  (undefined  mica)  in  direction  _L  plane  of  cleavage  =  0.0057,  t  =  50°C  (29);  rf.  (<2), 

Composition  variable  and  doubtful.  Parisite  contains  La  and  Dy. 

**  Perhaps  strictly  tnonoclinic.  ft  Contains  Fc,  Na,  Cl.  It  0  varies  from  +4°  to  -4°. 
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Table  16. — Thermal  Conductivity  (A')  of  Crystals:  Variation  with  Temperature 


It  has  been  suggested  that  A  varies  as  T  *;  compare  the  values  of  A’ 7-  A%7j  with  those  of  2<3  /,  which  are  given  in  last  line  of  the 
table.  T  =  absolute  temperature,  °K.  Grade  =  D  (v.  p.  226). 


Formula 

Substance 

7'  =  1 

373 

196  I 

195 

88 

83 

Lit. 

Axis 

A  r  /  A’ i73 

C 

Diamond  G) . 

Cubic 

1 .06 

0  85 

(25) 

(2) . 

1  08 

1  02 

(25  ) 

(3) . 

0  89 

(25) 

CjjHjif  )n 

Cane  sugar . 

♦ 

1  .35 

(  24  , 

SiOj 

Quartz  (l);t>.  aho  p.  100 . 

c 

n  66 

1  44 

3  60 

(24) 

A,  B 

0.77 

1  .39 

3  39 

(24) 

(2) . 

A,  B 

1 . 3.5 

2.89 

(25) 

(3) . 

.4,  B 

1 .26 

2  74 

(25) 

CaFi 

Fluorite . 

Cubic 

0.77 

1 . 46 

3  77 

(24) 

C»C0, 

Calcite . .  • 

.4,  B 

0.83 

1 .34 

3 . 68 

(24) 

NaCl 

Halite . 

Cubic 

0.69 

1 . 50 

3.82 

(24) 

NaClOj 

Na  chlorate . 

Cubic 

1 .41 

(24) 

KC1 

Sylvite  ( 1 ) . 

Cubic 

0  71 

1  49 

3.00 

(24) 

(2) . 

1  43 

2.61 

(24) 

273/7’  = 

0.732 

1 .393 

1  400 

3 . 106 

3.289 

*  Direction  is  not  stated:  crystal  is  not  cubic. 


Substance*  (25 

T  = 

23.1 

23 

22.3 

22  21.9  21.6  1  21.4 

21 

c 

Diamond  (2) . 

Cubic 

0 . 769 

(3) . 

0.483 

SiOj 

Quartz  (2) . 

.4,  B 

33  0  35.2 

39  4 

(3) . 

A,  B 

29.5 

32.5 

34.4  36.8 

KC1 

Sylvite  (2) . 

Cubic 

7.02 

7.40 

8.40 

273  IT  = 

11.82 

11.87 

12.24 

12  41  |  12.47  |  12.64  12.76 

13.00 

*  Continuation  of  preceding  portion  of  table,  same  specimens. 
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FREE  AND  FORCED  CONVECTION  OF  HEAT  FROM  BODIES  OF  SIMPLE  SHAPE 

IN  GASES  AND  LIQUIDS 

Chester  W.  Rice 


The  data  are  here  correlated  on  the  film  theory  which  assumes 
that  the  hot  body  is  surrounded  by  a  stationary  film  of  fluid 
through  which  the  heat  is  carried  entirely  by  conduction.  By  this 
approximation  the  convection  loss  from  bodies  of  simple  geometric 
form,  under  widely  different  fluid  conditions,  can  be  computed  by 
means  of  a  few  convenient  equations.  Such  a  correlation  seems 
more  needed  at  the  present  time  than  a  plurality  of  complex 
equations  giving  a  more  exact  representation  of  specific  experi¬ 
mental  conditions.  When  the  effects  of  such  specific  conditions 
need  to  be  considered,  the  original  sources  should  be  consulted. 

For  the  method  of  correlation  and  summaries  of  the  data  used, 
see  (10°)  101»  102).  The  constants  there  given  for  the  forced 
convection  from  cylinders,  rough  pipes,  and  large  plane  surfaces 
have  here  been  revised  to  include  the  more  recent  data  (29>  34>  61  )• 
The  results  obtained  for  a  particular  object  under  given  flow  con¬ 
ditions  can  be  strictly  applied  only  to  a  geometrically  similar 
object  under  geometrically  similar  flow  conditions.  The  impor¬ 
tance  of  this  limitation  is  well  illustrated  by  the  wide  divergence 
found  between  the  results  of  different  investigators,  which  is  mainly 
due  to  a  lack  of  complete  geometric  similarity  between  the  systems 
tested,  rather  than  to  errors  of  measurement. 

The  loss  by  free  convection  is  the  amount  of  heat,  other  than 
that  lost  by  radiation,  which  leaves  a  hot  body  at  rest  in  a  large 
expanse  of  unstirred  fluid.  The  loss  by  forced  convection  is  the 
heat  carried  away  by  a  stream  of  fluid  flowing  over  the  hot  body. 
Only  those  cases  of  forced  convection  will  be  considered  in  which 
the  velocity  of  the  stream  is  large  as  compared  with  that  of  the 
natural  free  convection  currents,  so  that  the  free  convection  loss 
may  be  neglected. 

Heat  transfers  which  are  accompanied  by  a  change  of  state  (as 
between  condensing  vapors  and  evaporating  liquids)  are  not 
considered. 

Symbols 

After  certain  definitions  are  symbols  in  [  ];  these  indicate  in 
each  case  the  relation  of  the  unit  of  the  quantity  defined  to  the 
fundamental  units,  as  explained  in  the  next  section. 

A  Area  of  the  surface  from  which  the  convective  loss  is 

Wc;[l*\. 

a,  b  Experimental  exponents  depending  upon  the  geo¬ 

metrical  shape  of  the  hot  body  and  the  type  of 
convection. 

B  Effective  thickness  of  the  film  of  stationary  fluid 

which  surrounds  the  hot  body;  [Z], 

C  A  coefficient,  not  dimensionless,  used  in  approximate 

equations  for  convection  from  large  bodies  in  air. 
cP  Specific  heat  of  the  fluid  at  constant  pressure;  [hm~l  X 

0-i]. 

F>  A  dimension  of  reference  which  serves  to  define  the 

size  of  the  hot  body;  [Z]. 

Ei  The  dimensionless  quantity  k/(pcp). 

F 2  The  dimensionless  quantity  p/(  p\/ agD3A(T)') 

F i  The  dimensionless  quantity  p/(pDv) 

g  Acceleration  of  gravity;  [ZZ-S]. 

h  The  unit  of  quantity  of  heat. 

F,  A„  Experimentally  determined,  dimensionless  coefficients 

fixed  by  the  geometrical  properties  of  the  system  of 
bodies  involved  and  by  the  type  of  convection.  K 
applies  to  both  liquids  and  gases,  K„  to  gases  only. 
k  Thermal  conductivity  of  the  fluid;  [AZ-1!-1#-1]. 

I  The  unit  of  length. 


m 

p 

R 


t ,  7h,  r2 


T 


u 


Tm 
a  r 

t 

v 


The  unit  of  mass. 

Pressure  of  the  gas. 

Mechanical  resistance  to  the  flow  of  the  fluid  through 
the  pipe;  =  retarding  force  per  unit  of  area  of  the 
pipe;  \ml~H~2]. 

Absolute  temperature  of  the  fluid,  ambient  fluid,  and 
hot  body,  respectively;  [0], 

Average  film  temperature,  Ta  =  (7\  +  T-f)/ 2;  [0], 
Geometric  mean  film  temperature,  Tm  =  y/T\Ti\  [0]. 
Excess  in  temperature  of  the  hot  surface  above  that 
of  ambient  fluid,  AT  =  —  74;  [0]. 

Unit  of  time. 

Mean  velocity  of  fluid  relative  to  the  hot  body; 

[U-1]. 


Wc  Total  convective  loss  from  area  A  per  unit  of  time- 

[hr1]. 

a  Fractional  change  in  density  of  the  fluid  per  unit 

change  in  temperature;  [0-1].  (For  a  perfect  gas. 

a  —  M73  per  °C.) 

/3,  y,  S,  e  Exponents  used  in  approximate  equation  for  con¬ 
vection  from  large  bodies  in  air. 

0  The  unit  of  temperature  difference. 

m  Viscosity  of  the  fluid; 

p  Density  of  the  fluid;  [mZ-3]. 

/T  'z 

Tl  kdT  =  keAT,  where  ke  may  be  called  the  effective 
average  conductivity  of  the  fluid  between  the  temperatures  74 
and  Ts. 


Units 


For  any  of  the  equations  in  this  report  the  units  of  temperature 
[0],  of  heat  [A],  of  length  [Z],  of  mass  [m]  and  of  time  [t]  may  be 
chosen  as  convenient,  unless  the  contrary  is  definitely  stated  or 
definite  units  are  named,  but  a  choice  once  made  should  be  con¬ 
sistently  adhered  to  for  all  the  quantities  involved  in  the  equation 
under  consideration.  The  unit  of  each  of  the  other  quantities  is 
built  up  of  those  named,  as  indicated  in  the  list  of  symbols,  each 
symbol  in  [  ]  being  replaced  by  the  name  of  its  chosen  unit,  as  in 
the  following  examples.  Under  these  conditions  the  numerical 
values  of  dimensionless  quantities,  such  as  F 1,  Ab,  7G,  K,  and  K  , 
are  independent  of  the  particular  choice  of  units  for  0,  h,  l,  m  and  t. 
For  example,  if  the  units  chosen  are  0  =  1°C,  A  =  1  joule,  Z  =  1 
cm,  m  =  1  g,  and  t  =  1  sec,  then  the  unit  of  ilAZ-1<-10-1],  is  1 
joule  cm-1  sec-1  (°C)_l  =  1  watt  cm-1  (“C)-1,  that  of  c,,  [Awi-1©-1], 
is  1  joule  g_1  (°C)_l,  of  fftTnZ-1!-2],  is  1  g  cm-1  sec-2  =  1  dyne 
cm-2,  etc.;  if  the  chosen  units  are  0  =  1°F,  A  =  1  BTU,  Z  =  1  cm, 
m  =  1  lb.,  and  t  =  1  sec,  the  unit  of  1;  is  1  BTU  cm-1  sec-1  (°F)-1, 
of  cp  is  1  BTU  lb_l  (°F)-1,  of  R  is  1  lb.  cm-1  sec-2,  etc.  The 
numerical  values  of  F 1,  F>,  F 3,  K  and  K„  are  the  same  in  each  case. 
In  all  cases  in  which  nothing  is  said  regarding  units,  the  following 
equations  are,  as  they  stand,  equally  valid  whatever  the  choice  of 
units  for  0,  A,  m,  l  and  Z,  provided  the  choice  is  consistently  adhered 
to.  In  certain  cases  a  departure  from  consistency  is  allowable, 
but  no  such  departure  should  be  made  without  due  consideration. 


General  Relations 

For  both  free  and  forced  convection  Wr  -  ,, ,  r, 

I)  log,  <  1  +  2B/D 

A  /  9# \ 

for  cylinders  and  tubes,  and  We  =  ^f  1  +  “  )A<p  for  spheres;  D 
is  the  diameter  of  cylinder,  tube,  or  sphere.  If  D  is  great  as  com- 
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pared  with  the  film  thickness  B  (say,  D  >  10/?),  each  expression 
reduces  to  H'e  -  (.4a<?)//?,  which  also  applies  to  flat  surfaces. 
The  values  of  &<p  for  Air,  H,,  N2,  C02  and  Hg  vapor,  have  been 
given  by  Langmuir  (54i.  For  moderate  values  of  AT  (say,  for 
A7’  <  100°C)  and  when  values  of  A<*>  are  not  available,  the  approxi¬ 
mation  =  kAT  is  used. 

For  free  convection,  B  =  KDF\F%-,  for  forced  convection, 
B  =  KDF\F\.  In  computing  the  values  of  F 1,  F.  and  F»  the 
temperature  of  the  fluid  is  to  be  taken  as  T„  =  (T\  -+-  7’2) /2  for 
all  cases  of  free  convection  and  for  forced  convection  when  (7’2  - 
T 1)  is  not  great  (say,  for  AT  <  100°C),  and  as  Tm  =  \Zl\T-. 
for  forced  convection  when  (7’2  —  T 1)  is  great.  For  ideal  gases 
and  for  air  F 1  -  1.35,  and  if  A'„  =  1.35° A',  the  expressions  for  B 
become  B  =  K„I)F‘.l  for  free,  and  B  =  K„DF'i  for  forced  convection. 

For  forced  convection  in  pipes,  the  film  theory  of  convection 
suggests  that  We  =  ARk(AT) /vpF^  =  ARF)'acp(AT)/v  which, 
when  R  is  replaced  by  its  empirical  expression  for  smooth  pipes 
(56)  and  a  is  taken  as  0.5  (see  Table  2),  becomes  We  =  0.0009/V ^  X 
Apvc,,{AT)\\  +  84.8F5,3i].  This  should  be  applicable  to  gases 
and  liquids  at  all  values  of  v  above  the  critical  velocity  at  which 
the  flow  becomes  turbulent.  For  ideal  gases  it  reduces  to  R'r  = 
0.00105  Apvc„(AT)[l  +  84.8F®  34]. 

Special  Relations  for  Air. — The  equations  in  this  section  assume 
that  the  unit  of  P  is  1  atm.  and  that  the  units  of  the  other  quanti¬ 
ties  are  built  up  from  6  —  1°C,  h  =  1  joule,  l  -  1  cm,  m  =  1  g, 
and  t  —  1  see,  in  the  manner  indicated  on  p.  234,  T  and  T„  being 
absolute  Kelvin  temperatures.  In  general  they  art*  not  valid  for 
other  units.  They  are  obtained  by  substituting  in  the  equations 
already  given  the  following  values,  applicable  to  air:  p  =  2.48  X 
(10)-«ro-7«g  cm-1  sec-1,  k  =  3.45(10)-6T0-744  watt  cm-^C)"1, 
p/p  =  0.142(10)6P/7’l-7M  sec  cm-2,  and  cp  =  1.03  joule  g-1(0C)-1. 
Wc  =  (10)~*CAPP(AT)y/ (D5Tfa)  for  free,  and  Wc  =  (10)-4CM  X 
(Pv)P(AT) /(DsTl)  for  forced  convection;  the  factor  (10)— 1  has  been 
separated  from  the  C  for  convenience  in  tabulation.  The  value 
of  C  depends  upon  the  properties  of  air,  the  form  and  orientation 
of  the  body,  the  type  of  convection,  and  the  units  in  which  the 
quantities  are  measured.  For  forced  convection  in  smooth  pipes 
at  values  of  v  above  the  critical  velocity  at  which  the  flow  becomes 
turbulent,  We  =  [0.000375APv(AT)/To]  X[1  +1.357’'’ 611  {PDv)° ■«]. 


Table  1. — Free  Convection' 

If  D/B  is  great,  115  =  A(A<p)/B;  if  AT  is  not  great,  Ay?  = 
A- AT.  In  all  cases  B  =  KDF^F ,;  for  approximately  ideal  gases, 
such  as  air,  B  =  K„D1 •*.  For  these  equations  the  units  of  0 ,  h, 
l,  m  and  t,  may  be  chosen  as  convenient,  see  p.  234.  For  air  onlv, 
We  =  (10)-4  CA/*(AT)V(T>4r‘),  if  D/B  is  great  and  AT  is  not 
great;  for  this  equation  the  units  must  be  as  follows:  Unit  of 
We  =  1  watt,  of  A  =  1  cm2,  of  P  =  1  atm.,  of  AT  =  1°C,  of 
/)  =  1  cm  and  of  T„  =  1°K.  1  watt  =  1  joule/sec;  1  joule  = 

107  erg  0.2389  gram  calorie  (15°C)  =  0.00094X2  BTU  (60°F). 
In  the  second  section  of  the  table,  numbers  in  column  headed  % 
are  the  values  of  100[It  c(ob»rvtfi)  II  n  calculated)]  II  calculated,  • 
The  serial  number  .V  serves  to  indicate  corresponding  items  in  the 
two  sections  of  the  table. 


AT 

Typo  of  surfjicp 

D 

Gases  and 
liquids 

K  1  «  1  f> 

Gases* 

K,  |  b 

1 

O 

Cylinder,  horizontal  t 

Cylinder,  horizontal  J  .  . 

Diameter 

Diameter 

2.6  0.25  0.54 
2.1  0.25  0.50 

2  27 

0.50 

3 

Cylinder,  vertical  § . . 

5 

8.7 

0.60 

t 

Sphere  1 . 

Diameter 

2.0 

0.50 

5 

Ribbon,  horizontal,  plane  ver¬ 
tical* 

Breadth** * * * 

1.46 

0.50 

•V  Type  nf  surf.11  r  l) 


c  a  -> 

1  6  |  • 

1 

Cylinder,  horizontal  t 

Diameter 

2 

Cylinder,  horizontal  J 

Diameter  7 

.  9  0 . 50  1  2 

’>  0.25  0. 123 

3 

Cylinder,  vertical  § . 

5  1 17 

0.66  1.3310  0.415 

1 

Sphere  . 

Diameter  8 

.8  0.50  1  2 

■>  0 . 25  0  1 2,3 

5 

Ribbon,  horizontal,  plane  ver- 

tiealc . 

Breadth**  12 

0.50  1  2 

',0.25  0  123 

6 

Large  plane,  vertical  tt . 

tt  2 

.0  0. 50  1  2 

5'0  lO 

7 

Larfco  plane,  horizontal,  face  uptt  tt  1 

.  6  0 . 50  1  2 

50  () 

8 

Large  plane,  horizontal,  face 

down5§5  . 

tt  1 

.30.50  1  2 

5*0  0 

9 

Transferbet  ween  vertical  planes 

tt  1 

.210  1  2 

5,0  i) 

N 

Type  of  surface 

Fluid 

r~  > 

%  Lit 

1.  2 

Small  wires . 

Air 

0 . 5  to  2 . 25 

-  5,  («<■> 

Small  wires,  large  AT 

Air,  Hj,  Ilg 

1 

-  5  (*•) 

vapor 

Small  wires . 

Air,  11...  COi 

1  to  150 

± 10  (86, 

87) 

Small  wires  in  liquids 

CMIjN,  CCb, 

±  5  ( 2  ® ) 

CjIImOj,  CjH‘ 

Wire . 

Air 

1 

+  10  (2) 

Large  cylinders . 

Air 

0.  1  to  1 

-  5  (•»») 

See  also  («.  5,  6,  1  5,  39,  54,  65,  70,  83,  88,  1  24) 

3 

Large  vertical  cylinder55. . . 

Air 

i 

±  5  (2») 

See  also  (51>  7  2) 

4 

Spheres,  D  —  15,  20,  30  em.. 

Air 

1 

-  10  (*S) 

Sphere,  D  =  4  cm .  . 

Air 

i 

+  131  («<) 

See  also  (<>  22,  32).  data  of  (2  2 ,  are  very  discordant;  probably  the  thick 
coat  of  lampblack  on  the  small  sphere  introduced  an  error. 

6  Disks,  D  -  diameter  =  19.1 

cm  ||  || . 

Vertical  planeHH . 

Vertical  plate*** . 

Vertical  plateftt . 

Vertical  cylindersttt . 

See  also  (*»  6®i 

*  Approximately  ideal  gases,  such  as  air. 

t  Good  data  covering  wide  experimental  range,  gases  and  liquids;  0.0003  ^ 
Ft  <  50. 

t  This  is  a  convenient  approximation 

§  Only  observations  available  are  for  one  cylinder  (D  =  17.43  cm)  in  air 
As  b  is  essentially  23,  DF2  is  essentially  independent  of  I),  and  for  computational 
purposes  D  may  be  given  any  finite  value,  conveniently  unity 

||  Data  are  very  scanty  and  for  air  only. 

*!  Rough  approximation  based  on  an  average  of  all  available  data  for  vertical 
plane  surfaces. 

**  Vertical  breadth. 

tt  Rough  approximation  for  surfaces  at  least  100  cm  by  100  cm  and  for  7'„ 
equivalent  to  75°C  ±  50° C.  For  the  sake  of  obtaining  an  expression  which  is 
convenient  for  calculation,  dimensional  requirements  have  been  violated.  As 
4  =  0 ,  D  does  not  enter  into  the  expression  for  Wt. 

CaH;N  =  aniline,  CjIDOa  =  glycerol,  CrHg  =  toluene. 

§5  F>  =  17.43  cm.;  height  of  cylinder  =  28.8  cm. 

1  Polished  silver  and  ealorixed  copper;  vertical,  face  up,  and  face  down 

*  *  Polished  aluminum,  127  cm  by  127  cm. 

***  Lampblack  covered  steel  plate  24.4  cm  high  and  38.1  cm  long. 

ttt  Lampblack  covered  steel  plate  80  cm  high  and  33.2  ein  long. 

t  +  t  Lampblack  covered;  D  -  17.43  cm.  heights  —  4.65,  8.0,  15.2  and  28. 8  cm 
(r/  N  -  3). 

555  No  downward  projecting  edge  Derived  from  ratio  to  vertical  surfaces 
(">. 

111!  Transfer  between  two  planes  x  cm  apart  (1.27  ^  r  S  5.08)  in  air  at 
atmospheric  pressure.  For  this  range  in  x,  \Ve  is  independent  of  x  and  of  division 
into  cells  by  horizontal  partitions.  Based  entirely  on  (35> 

Table  2. — Forced  Connec  tion 

If  D/B  is  groat,  1FC  =  -l(Agp)  B,  and  if  AT  is  not  groat,  A,- 
kAT.  In  all  cases  /?  =  KDF°F^\  for  approximately  i<  1<  ll  ga so-, 
such  as  air,  B  -  K  DP/  For  these  equations  the  units  of  0,  I . 
I,  m  and  t  may  be  chosen  as  convenient.  For  .air  only,  IT, 
(10)— 4  CA (PvfiAT)  D  .  if  D  li  i~  great  ani 
for  this  equation  the  units  must  be  .as  follows:  Unit  of  11'  1 

watt,  of  A  =  1  cm2,  of  P  =  1  atm.,  of  r  1  cm  see  '.  of  AT 

1°C,  of  D  =  1  cm  and  of  T„  =  UK.  1  watt  1  joule  -'"c;  1 
joule  =  107  erg  =  0.2889  2  cal  (15  Q  0.0009842  B1 1  60  I 

In  the  second  section  of  the  table,  numbers  in  column  le  ad'  d 


Air 

1 

-30 

Air 

1 

+  15 

Air 

1 

-  10 

Air 

1 

+  10 

Air 

1 

H 
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Tablk  2.  —  ( Contin ued ) 

arc  the  values  of  100[JEc(Ob,erved)  -  W  c  (calculate!  e(calculated)  • 

The*  serin  1  number  A  serves  to  indicate  corresponding  items  in  the 
two  sections  of  the  table. 


N 

Type  of  surface 

D 

Gases  and 
liquids 

Gases* 

K 

a 

>> 

K0 

b 

1 

Cylinder,  horizontal,  flow  trans- 

Diameter 

2.8 

0.4 

0.57 

3.15 

0.57 

3 

verse  f . 

Cylinder,  horizontal,  flow  trans¬ 
verse  x . 

Pipe,  smooth;  approximate  § . 

I  liameter 
Diameter 

60 

0 . 50 

0 . 83 

70 

0 . 83 

4 

Pipe,  rough;  approximate || . 

n 

220 

0 . 50 

1.0 

255 

1.0 

5 

Large  plane,  smooth;  approxi¬ 
mate**  . 

220 

0.50 

1.0 

255 

1.0 

6 

Large  plane,  rough;  approxi- 

150 

0 . 50 

1.0 

175 

1.0 

7 

Large  plane,  very  roughs*’ ;  appro¬ 
ximate**  . 

€[ 

110 

O 

O 

1.0 

128 

1.0 

.V 

Type  of  surface 

D 

Air 

c 

0 

5 

6 

1 

Cylinder,  horizontal,  flow  transversef- .  . 

Diameter 

9.7 

0.57 

0.43 

0.246 

2 

Cylinder,  horizontal,  flow  transverse!..  . 

Diameter 

8 . 5 

0.50 

0.50 

0.123 

3 

Pipe,  smooth;  approximate§ . 

Diameter 

9.7 

0.83 

0.17 

0.71 

4 

Pipe,  rough;  approximate || . 

if 

19 

1.0 

0 

1.0 

5 

Large  plane,  smooth;  approximate**.. .  . 

ir 

19 

1.0 

0 

1.0 

6 

Large  plane,  rough;  approximate** . 

11 

28 

1.0 

0 

1.0 

7 

Large  plane,  very  roughs ^f ;  approxi  mate* 

it 

38 

1.0 

0 

1.0 

N  1  Type  of  surface 

Fluid 

p 

% 

Lit. 

1,  2 

Small  wires  ft . 

Air 

i 

-  5 

(47) 

Small  wires . 

Air 

i 

-  5 

(46,  52) 

Small  wires . 

Air 

0.5  to  4 

+  5 

(45) 

Small  wires . 

Water;  oils 

±  10 

(29) 

Large  cylinders . 

Air 

1 

-  15 

(4  0) 

Air 

1 

+  10 

(34) 

See  also  (6,  4  1,  69,  1 1  s,  1 1  9,  1 

20,  124,  1  25) 

3 

Brass  tubes . 

Water 

-10 

(112) 

Brass  tubes . 

Air 

1 

+  20 

(81) 

Copper  tubes . 

Water 

+  10 

(114,  115). 

cf.  ('12) 

Copper  tubes . 

Water 

-  15 

(113) 

Copper  tubes . 

Air 

1 

+  10 

(42) 

Steel  tube . 

Water 

±30 

(21) 

Tubes . 

Water;  oils 

-10 

(62) 

Tubes  (summary) . 

Water 

-  10 

(63) 

Brass  tube . 

Gases 

1 . 5  to  16 

+  5 

(73,  74, 

See  also  (7>  3  3,  3  6,  3  7,  4  3,  4  4,  5  8,  6  0,  6  8,  7  1, 

94,  1  03,  1  04 

,109, 

117,  121,  123) 

4 

Rough  tubett . 

W  ater 

+  10 

(114,  115); 

cf.  ("2) 

Tubes  and  ducts §§ . 

Air 

l 

±  10 

(61) 

See  also  (60»  i  OO) 

*  Approximately  ideal  gases,  such  as  air. 


f  Good  data  covering  wide  experimental  range  in  gases  and  liquids;  0.00002  ^ 
Ft  £  3.0. 

X  Convenient  approximation  for  large  cylinders. 

§  For  very  turbulent  flow.  More  accurate  results  for  gases  and  liquids  are 
given  by  the  equation  Wc  =  0.0009F? ' 5 Apvcp( AT) [1  4-  84.8^3’ 36J,  which  for 
ideal  gases  becomes  We  =  0.00105Ap»rp(AT)[l  4*  84.8F3’ 36];  choice  of  units  as  for 
the  equations  involving  K  and  Kg.  For  air  only,  Wc  =  [0.000375A-/->r(A7T)/ra] 
(1  -f  1.357’a  jM/(/,/>r)°  35|;  units  as  for  the  equation  in  C.  All  these  equations 
assume  that  the  pipe  is  smooth. 

II  Roughness  of  medium  sand;  approximation  suitable  for  engineering  work. 

If  In  this  case  6  =  1,  hence,  as  Fz  =  y/p  Dv,  Df\  is  independent  of  D,  and  for 
the  computations  for  the  equations  in  K  and  K0,  D  may  be  given  any  finite  value, 
most  conveniently  unity.  Also,  as  6  =  0,  the  value  of  D  is  not  involved  in  these 
special  equations  for  air. 

**  Rased  on  average  results;  convenient  approximation  for  engineering  work 
when  flow  is  parallel  to  surface  and  the  velocity  is  high. 

ft  Data  for  v  <  100  cm/sec  have  not  been  used. 

Crossed  threads  approximately  0.025  cm  deep. 

§§  Ducts  were  built  up  of  laminated  iron. 

Roughness  of  coarse  sand. 
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RADIATION  CONSTANTS 

W.  W.  CoBLENTZ 


For  a  perfect  (black-body)  radiator,  the  total  hemispherical 
radiation  (over  all  wave-lengths)  at  the  absolute  temperature  T 
is  ./  =  <r7’4;  a  is  known  as  the  Stefan- Boltzmann  constant  of  total 
radiation.  The  hemispherical  radiation  included  in  the  spectral 
region  (X  —  Ljdk)  to  (X  -f  V^dMisAdX  =  CiX-6  [ec,/xr  —  l]_1dX; 
Ci  and  C2  are  known,  respectively,  as  the  first  and  the  second 
radiation  constants,  and  J\  as  the  monochromatic  intensity  of  the 
hemispherical  radiation.  At  each  temperature  T,  there  is  a  wave¬ 
length  Xm  at  which  J\  is  a  maximum;  w(  =  Xm7’)  is  independent  of 
7',  and  is  known  as  Wien’s  displacement  constant;  (\  =  aw,  where 
a  =  4.9651  is  a  pure  numeric. 

Stefan-Boltzmann  Constant  (<r)  of  Total  Radiation 


J  =  °T*;  <r„  =  observed,  or  reported  value;  <rp  —  probable 
value  after  correcting  for  reflection,  etc.  Unit  of  a  =  10  5  erg 
cm--  sec-1  (°K)-4  =  6.451  X  10_1J  watt  in.-J  (°K)-4. 


Observer 

Year 

Oo 

Op 

Method 

Kurlbaum  ( 1 2) .  .  .  . 

1898 

5.45 

(?) 

Holometer 

F6ry  (®) . 

1909 

0.3 

(?) 

Thermometer 

Hauer  and  Moulin  (2) 

1909 

5.7 

Thermopile 

Hauer  and  Moulin  (2)  . 

1910 

5.7 

5.7 

Pyrhcliometcr 

Todd  ('») . 

1909 

5.48 

5.48 

Gas-conduction 

Yalentiner  (20) . 

1910 

5.58 

5.68  to  5.75 

Holometer 

F£ry  and  Drecq  (7) . 

1911 

6.51 

(?) 

Thermometer 

F6ry  and  Drecq  (7) . 

1912 

6.2 

5.68 

Pyrometer* 

F6ry  and  Drecq  (7) . 

191.' 

ff 

Shakespear  (,s) . 

1912 

5 . 67 

5.67 

Emissivity  t 

Oerlach  (•) . 

1916 

5.85 

Pyrheliometert 

■ 

1920 

mi 

5.80 

Puccianti  (l6) . 

1919 

5  96 

5.96 

Holometer 

Puccianti  (*6) . 

6.15 

(?) 

Thermometer 

Weatphal  (17) . 

1916 

5.67 

5.67 

Emissivity  t 

Keene  ( 1 1 ) . 

1918 

5  v.< 

5.89 

Thermometer 

Coblent*  (s»  4  » . 

1915 

5.72 

5.73 

Pyrheliometert 

Observer 

Y  ear 

Oo 

Op 

Method 

Kahanowicz  (,0) . 

Waehsmuth  and  Vierheller 

1917 

5.61 

5.69  to  5. 73 

Pyrheliometert 

(*>) . 

1921 

5.73 

5.73 

Emissivity  § 

Hoffman  (9) . 

1923 

5 . 76 

5.76 

Westphal’s 

1924 

6 . 79 

5  79 

Coblentz’s 

Mean  value . 

5.72  to  5. 74 

*  Calibrated  pyrometer. 

t  Ratio  of  radiance  from  metal  to  that  from  “black-body.” 

J  Modified  Angstrom  pyrhcliometcr. 

§  From  blackened  sphere. 

Modification  of  Wcstphal’a  method 

Wien’s  Displacement  Constant  (w)  and  the  Constant  C  op 
Spectral  Radiation 


• f\  =  C,\-  r- '  —  1)_1;  ir  =  u'.,  =  observed  recorded) 

value;  wc  =  value  after  correction  for  reflection,  etc.;  (',  I '.Midl¬ 
and  values  derived  from  isochromaties;  ('■>  probaM*1  v:du<* 


after  corrections  have  1 

been  : 

ipplied.  NoU: 

14  200 

, ,  denote 

14  6(H) 

14  200  to  14  600.  Unit  of  w  and  of  ('3  =  10  1  cm.  K 

Observer 

|  Year 

I  Wo 

w. 

cl  Ct 

Remarks 

Paschen  (l  s) .  .  .  . 

1 899 

!  2  891 

12  891 

114  360 

1  Fluorite  prism 

2  907 

2  907* 

T  i*  questioned 

1900 

2  921 

2  894  , 

I.  u  m  m  e  r  an  d 

Pringshcim  (* 4;.i 

1900 

2  879 

2  879 

14  290 

Fluorite  prism  *t 

|2  876 

,2  876 

2  040 

2  882 

14  310  14  300 

\Y  nr  burg,  ct  a! 

(»>->•) . 

1911 

14  200 

Fluorite  prism 

'  14  600  f 

1912 

14  300  1 

Fluorite  prism 

\  14  400  / 

1912 

14  360 

Quart*  priem 

INTERNATIONAL  CRITICAL  TABLES 


238 


Wien'  s  Displacement  Constant  (ip)  and  the  Constant  (Ct)  of 
Spectral  Radiation. — ( Continued ) 


Observer 

Year 

U'e 

d 

Ct 

Remarks 

Warburg ,  ct  al. — 

1913 

2  894 

14  370 

Quartz  prism 

{ConV d) . 

1915 

14  2501 

1915 

(  14  300  1 

14  300 

Quartz  prism  t 

1  14  400  J 

Coblentz  (4»  5) .  . 

1913 

2  911 

14  456 

Fluorite  prism 

1916 

2  894 

14  369 

Revised  § 

1920 

f  14  311  1 

14  318 

Zero  correction  || 

\  14  326 J 

Rubens  and 

1921 

11  300 

14  300H 

Michel  (>7)  .... 

Average  value 

2  885 

14  320 

*  Temperature  scale  is  questioned, 
t  Calibration  of  prism  is  questioned, 
t  Temperature  deduced  from  Stefan-Boltzmann  law. 

§  Calibration  of  prism  revised  and  preceding  data  recomputed. 
||  Correction  for  zero  setting  of  bolometer. 

H  Adopted  in  testing  Planck’s  equation. 


RADIATION  FROM  A  PERFE 

F.  E. 

The  following  tallies,  giving  the  hemispherical  radiation  (J)  and 
the  monochromatic  intensity  (J\)  of  the  hemispherical  radiation 
of  a  perfect  radiator,  have  been  computed  from  the  values  of  C i 
(=3.703  X  10-5  erg  cm-2  see-1),  Cj(  =  1.433  cm,  °K),  and  <r(  =5.709 
X  10-6  erg  cm-2  sec-1  (°K)-4)  which  have  been  accepted  for  the 
purposes  of  International  Critical  Tables.  A  third  table  indicates 
how  the  values  of  J\  are  affected  by  changes  in  the  value  of  Ct. 

A  line  over  a  number  indicates  that  it  is  negative.  Thus 
(Table  1)  at  -270°C,  J  =  5.272  X  10-3  =  0.005272. 

The  radiator  receives  radiation  from  surrounding  bodies.  If 
its  temperature  is  T  and  if  it  is  entirely  surrounded  by  other  per¬ 
fect  radiators,  all  at  temperature  T',  its  resultant  loss  of  energy 
by  radiation  (net  hemispherical  radiation)  will  be  ,Tt  —  J t',  per 
unit  of  area.  If  T  =  1273. 1°K  and  T'  =  273.1°K,  the  net 
hemispherical  radiation  will  be  (1500  —  3.2)  X  105  =  1497  X 
105  erg  cm-2  sec-1.  (See  Table  1.)  Similarly  for  J\. 

Table  1. — Total  Hemispherical  Radiation  ( J )  of  a  Perfect 
(Black-Body)  Radiator 

J  =  <rT4  =  A  X  10".  o-  =  5.709  X  10-5  erg  cm-2  sec-1  (°K)-4. 
T  =  absolute  temperature,  °K;  t  —  centigrade  temperature. 
Unit  of  .7  =  1  erg  cm-2  sec-1  =  2.389  X  10-8  calls  cm-2  sec-1 
=  6.112  X  10-10  BTUco  in.-2  sec-1. 
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-273 
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5.71 
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-180 

93.1 

4.289 

3 

-270 

3.1 

5.272 

3 

-170 

103.1 

6.451 

3 

-260 

13.1 

1.681 

0 

-160 

113.1 

9.342 

3 

-250 

23.1 

1.626 

1 

-150 

123.1 

1.311 

4 

-240 

33.1 

6  852 

1 

-140 

133.1 

1 . 792 

4 

-230 

43.1 

1 .970 

2 

-130 

143.1 

2.394 

4 

-220 

53.1 

4 . 539 

2 

-120 

153.1 

3. 137 

4 

-210 

63.1 

9.050 

2 

-110 

163.1 

4.040 

4 

-200 

73.1 

1  630 

3 

-100 

173.1 

5.126 

4 

-too 

83  t 

2 . 722 

3 

-  90 

183.1 

6.417 
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Table  2. — Monochromatic  Intensity  (./x  1  of  Hemispherical  Radiation  of  Perfect  (Black-Body  Radiator 
•/\  =  Ci  X~ 6[e<- 2/ x 7  —  l]-1,  T  =  absolute  temperature,  X  =  wave-length  of  the  radiation.  Total  hemispherical  radiation  in  range 
X|  to  Xj  is  J'  2  J\dX.  If  C,  =  3.703  X  10-6  erg  cm*  sec-1,  C*  =  1.433  cm,  °K  and  unit  of  dx  =  1  cm,  then./*  =  .4  X  10  erg  cm  see'1, 


where  A  and  n  have  the  values  tabulated  below.  1  erg  cm-3  sec'1  =  2.389  X  10-scalncin~  sec  1  =6.118X10  1  BTC.,,  in  5s,  <--1  x 
(dX)cnJ,  where  (dX)cm  indicates  that  unit  of  dX  =  1  cm.  For  each  T  the  maximum  value  of  ./\  is  printed  in  bold  face.  In  column  X, 
unit  of  X  =  lju  =  10h\  =  10“4  cm;  T  =  absolute  temperature,  °K. 
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Table  2. — ( Continued ) 
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INTERNATIONAL  CRITICAL  TABLES 


Table  3. — Effect  of  a  Change  in  C2 

If  d./x  =  increase  produced  in  Jx  by  an  infinitesimal  increase  (dC2)  in  (\,  then  (d =  —  A(dC2)/C2;  for  the  units  of  Table2 
and  C-<  =  1.433  cm,  °K,  K  has  the  appropriate  value  tabulated  below.  Example:  If  C2  =  1.433  cm,  °K,  then,  at  300°K  and 
X  =  2/i,  Jx  =  4900  (Table  2)  and  K  =  24  (Table  3);  hence,  if  C2  =  1.434,  (dC2)/C2  =  0.0007,  (d J\)/J\  =  -24(0.0007)  = 
-0.017,  d./ x  =  —  (0.017)  (4900  j  =  -83  and  ./x  =  4900  -  83  =  4817.  Unit  of  X  =  1M  =  104A  =  lO'4  cm;  T  =  absolute 
temperature,  °K. 


X_  |!|2|3l4|5l6!  7  |  8  |  9  1  10  [  15  |  20  [  100  ]  X  ]0 .  l|0 . 2|0, 3|0. 4|0 . 5|0 . 6|0 . 7l0.8|0 . 9|l .  0|  2  |  3  |  4  |  5 

I  i  E  '  ~  |  T  |  A 
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THERMAL  RADIATION  FROM  MATERIALS  AND  SELECTED  SOURCES  OF 

RADIATION 

W.  W.  COBLENTZ 


For  radiation  from  a  “black-body,”  see  p.  238. 

At  wave-length  X,  the  monochromatic  intensity  of  the  normal 
radiation  of  a  body  is  J„\,  where  J„xdX  =  amount  of  radiant 
energy,  having  wave-lengths  lying  between  (X  —  0.5dX)  and 
(X  +  0.5dX),  which  the  body  emits  in  a  direction  perpendicular  to 

its  radiating  surface  per  unit  of  time,  of  surface,  and  of  solid  angle; 

/*  00 

Jn  =  J  Jn\ dX  is  the  normal  intensity  of  the  total  radiation  of  the 

body.  If  the  emission  satisfies  Lambert’s  law,  as  is  the  case  for 
the  substances  here  considered,  the  hemispherical  intensity  of  tne 
total  radiation  is  J  =  irJn  =  total  emission  per  unit  of  time  and  of 
area,  and  the  monochromatic  intensity  of  the  hemispherical 
radiation  is  Jx  =  v J„x-  If  the  corresponding  quantities  for  a  per¬ 
fect  radiator  (black-body)  at  the  same  temperature  be  indicated 
by  Jb  and  J\i,,  and  if  ex  =  J\/J\b  and  et  =  J /Jb,  then  ex  and  et  are, 
respectively,  the  monochromatic  and  the  total  emissivity  of  the 
body.  If  .7 c  —  value  of  the  hemispherical  intensity  of  the  total 
radiation  of  a  black-body  at  such  a  temperature  that  it  has  the 
same  color  as  that  of  the  body  considered,  ec  =  J /Jc  is  the  color 

emissivity  of  the  body;  and  if  ev  =  (£  Jx dX^  -T-  a:  Jxbdx)  ’ 

where  X,  and  X2  mark  the  limits  of  visible  spectrum  (about  0.4m  and 
0.75m),  e„  is  the  visible  emissivity.  The  Crova  wave-length  is 

that  at  which  j  yp-  =  j  ^ , ■  Usually  the  quantities  directly 

observed  are  J„x  and  Jn,  and  Jx  and  J  are  computed  from  them 
on  the  assumption  that  Lambert’s  law  is  valid. 

Table  1. — Monochromatic  Emissivity  (ex)  of  Elementary 
Substances  and  Oxides:  Temperature  of  Fusion!1) 


Assumes  C2  =  14  450  micron  °C.  A  micropyrometer  was  used. 
«  =  solid,  l  -  liquid.  Unit  of  ex  =  0.01  =  1  %;  of  X  =  Im  = 
0.001  mm  =  10000  A. 


X  = 

1  0.55  | 

0.65 

X  = 

0. 

55 

0.65 

Symbol  1  s  1  l  | 

•  1  l 

Symbol 

s 

l 

* 

l 

Ag* .... 

. .  <35  <35 

4  1  7 

Cr . 

53 

39 

39 

Au* .... 

...  <38  <38 

14  22 

Cu* . 

38 

36 

10 

15 

Be . 

..  61  811 

61  61 

Er . 

30 

55 

38 

Cb . 

.  .  61 

49  40 

Fe . 

37 

37 

Co . 

36  |  37 

Ir . 

30 

X  = 

0.55 

0.65 

X  = 

0.55 

0.65 

Symbol 

$ 

l 

s 

l 

Symbol 

s 

1 

s 

l 

M  n . 

59 

59 

BeO 

37 

Mo* . 

43 

40 

Cb<>, 

71 

Ni . 

44 

46 

36 

37 

(  03<  )  . 

7  / 

63 

Pd . 

38 

33 

37 

C  1*20  3 . 

60 

Pt* . 

38 

33 

38 

Fe304 . 

63 

53 

Rh . 

29 

30 

Mn304.  .  .  . 

47 

Th . 

36 

36 

40 

NiO . 

89 

68 

Ti . 

75 

75 

63 

65 

Th02 . 

57 

69 

U . 

77 

54 

34 

Ti02 . 

52 

51 

V . 

29 

35 

32 

U  30  8 . 

30 

31 

W* . 

39 

v,o, . 

69 

Yt . 

35 

35 

^  toOa . 

61 

Zr . 

32 

30 

*  See  also  Table  2. 


Table  2. — Emissivity  and  Hemispherical  Radiation:  Ag,  Al. 

Au,  Cu,  Mo,  Ft,  and  W 

ex,  ec,  e„  and  et  =  monochromatic,  color,  visible,  and  total 
emissivity,  respectively.  X  =  wave-length;  s,  l  -  solid,  liquid; 
M.  P.  =  melting  point;  J\  =  monochromatic  intensity  of  hemi¬ 
spherical  radiation;  J  =  hemispherical  intensity  of  total  radiation ; 
t,  T  =  temperature,  °C,  °K(absolute).  Unit  of  ex,  ec,  e„,  e(  = 
0.01  =  1%;  of  J  =  1  watt  cm-2;  of  X  =  1  him  =  10-7  cm. 


Ag,  liquid* 

(16) 

1 

Au  (ii) 

Cu,  Solid 

(16, 

Liquid* 

t  = 
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1117° 

"{ 

949°  I 
1061° | 

1067° 

1177° 

t  = 

991° 

1035° 

1090° 

1174° 

X 
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8.17 

9.48 

496 . 1 

53.1 

47.3 
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38.9 

42.1 

37.4 

40.2 
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8.49 

9.03 

518. 6 

49.5 

43.4 

525 

35.5 

36.7 

33.0 

34.9 

550 

8.06 

8.27 

54 1 . 8 

37.1 

39.0 

550 

30.8 

31.9 

29.8 

28.6 

575 

7 . 75 

7.74 

564.9 

30.1 

34 . 7 

575 

23.7 

25 . 7 

25.1 

24.4 

600 

7.17 

7.58 

589 . 5 

22.9 

30.4 

600 

17.3 

20.1 

21.0 

19.7 

625 

6 . 97 

7.37 

614.9 

17.4 

26.3 

625 

13.0 

15.0 

17.1 

16.7 

650 

7.22 

7.30 

640.9 

14.4 

23.2 

650 

10.4 

12.4 

14.8 

14  6 

1 ;  7 

6 . 90 

7.41 

671.2 

11.5 

20.3 

675 

9.5 

11.1 

12.3 

13.0 
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6 . 66 

7.21 

701.4 

10.3 

18.  1 
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7.7 

9.4 

10.6 

12.4 

0 

M.  P.« 

M.  P.  1 

!  O 

M.  P.8 

M.  P  / 

(») 

M  P.s 

M  P.  1 
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<35 

<35 
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<38 

<38 
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38 

30 
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4 

7 
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14 

22  ' 
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10 

15 
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Al,  liquid  t 

7(X1 

soo 

850 

!KK) 

9.50 

1000 

X  =  650  ex 

12 

12 

13 

14 

15 

17 

Mo  (i  8),  assumes  C2  14  330  micron  deg.;  M.  P.  of  Au  1336°K 


X  =  475 

665 

Visible 

Color 

Total 

./ 

r  d  j 

J'  (IT 

T 

ex 

ex 

e„ 

C„ 

C| 

273 

42.5 

42.0 

300 

42.4 

41.9 

400 

42.1 

41.5 

600 

41.5 

40.6 

800 

40.9 

39.8 

1000 

40.3 

39.0 

39.3 

36  1 

9.6 

0 . 55 

5.32 

1200 

39.8 

38.2 

38.6 

34.7 

12.1 

1 . 43 

5.23 

1400 

39.3 

37.5 

37.9 

33.3 

14.5 

3.18 

5.16 

1600 

38.8 

36.7 

37.3 

32.1 

16.8 

6.30 

5.10 

1800 

38  3 

36.0 

36.7 

30 . 9 

18.9 

1  1  3 

5.04 

2000 

37.9 

35.3 

36.2 

29 . 7 

21.0 

19.2 

4.99 

2200 

37.5 

34.7 

35.7 

28.7 

23.0 

30.7 

1  94 

2400 

37.1 

34.1 

35.2 

27.7 

24.8 

47.0 

4.90 

2600 

36.8 

33.6 

34.8 

26.8 

26 . 5 

69 . 5 

4.  sti 

2800 

36.5 

33.1 

34.4 

26.0 

28. 1 

98 

4.83 

2895 

36  3 

32.8 

34.2 

25  5 

29  0 

1 16 

4.81 

Mo,  at  M.  I’,  and  X  650;  solid,  c\  =  43;  liquid  <\  40  l1) 


Pt,  intensity  (Jx)  of  monochromatic  radiance;  unit  of  .I\ 

(arbitrary)  (3) 


X 

/  = 

1056 

1174° 

1216 

1271° 

1353° 

1442° 

589 

43.30 

646 

118.4 

698 

31.51 

36.42 

34 . 92 

187.9 

757 

16.49 

55  73 

55 . 02 

65 . 00 

293.6 

836 

1 1 . 52 

31 . 19 

101  3 

105.0 

107.8 

501 . 1 

934 

26 . 79 

56 . 85 

200  1 

212.6 

201.6 

772.1 

1054 

52 . 46 

101.7 

319.5 

339 . 9 

314.0 

1141 

1197 

85 . 69 

167.2 

459 . 1 

494.1 

425 . 0 

1395 

1357 

126.7 

234 . 8 

603 . 1 

615.6 

514.2 

1544 

1526 

166.4 

275.2 

680.4 

692.1 

569.8 

1560 

1698 

176.9 

289.2 

676 . 1 

682.0 

567 . 6 

1409 

1868 

188.5 

287.0 

646  0 

658.3 

528 . 1 

1302 

2033 

187.8 

276.9 

617.7 

614.1 

492.3 

1135 

2190 

176.2 

253 . 9 

548 . 3 

559.9 

441.5 

1014 

2410 

158.5 

225 . 4 

462 . 0 

469 . 1 

380.2 

835 . 8 

2546 

141  l 

197.4 

399 . 7 

408. 1 

350 . 0 

712.2 

2801 

115.1 

152.5 

321.7 

313.0 

251  2 

538  6 

2921 

103.4 

139.4 

284.2 

279.3 

224 . 2 

464 . 3 

3037 

94 . 76 

123  1 

252 . 0 

255 . 4 

206 . 9 

426 . 6 

8160 

84.61 

115.9 

232  1 

235  9 

191  0 

384 . 5 

3367 

77.10 

99.78 

211.6 

202 . 3 

158.3 

328.1 

8569 

70.93 

89.82 

178  0 

171  7 

137.7 

283.5 

3760 

64 . 54 

75.19 

149.6 

155.6 

120.0 

252 . 2 

1031 

50 . 80 

67.03 

121  2 

1 25  7 

103  6 

198.5 

4446 

40.09 

47.78 

96.99 

96.80 

74.86 

147  2 

4638 

35 . 78 

42.84 

84.12 

85 . 05 

65 . 90 

129.3 

4827 

29 . 50 

38  06 

74.64 

72.13 

55.93 

111  4 

5001 

28 . 30 

34  00 

62 . 53 

64 . 46 

.50 . 40 

101  1 

5168 

25.20 

30  63 

56  00 

57 . 26 

46.92 

88.60 

5486 

26  52 

40  39 

48.48 

36.32 

75 . 35 

6240 

27  61 

30  59 

25  12 

41  72 

Pt, 

(A)  (3). 

— (Continued) 

Pt,  total 

emissivityf  (7) 

X 

t  = 

1481° 

1625° 

1691° 

T 

*  calc . 

<ob* 

589 

37  38 

126.0 

102.4 

300 

4  11 

3 . 59 

646 

94 . 80 

257 . 1 

295 . 0 

350 

4  77 

4  10 

698 

1 54 . 6 

348 . 9 

461.9 

400 

5  43 

4  66 

757 

237  3 

549 . 5 

724  7 

450 

6 . 06 

5  30 

836 

382 . 4 

830 . 3 

1064 

500 

6 . 68 

5  98 

934 

581.9 

1176 

1436 

550 

7 . 29 

6  71 

1054 

859 . 2 

1639 

1815 

600 

7.90 

7  50 

1197 

1073 

1840 

2096 

650 

8.48 

8.25 

1357 

1217 

1929 

2225 

700 

9 . 07 

9  05 

1526 

1225 

1901 

2140 

750 

9.61 

9  79 

1698 

1143 

1728 

1885 

800 

10.14 

10.52 

1868 

1047 

1528 

1675 

850 

10.7 

11  3 

2033 

932 . 4 

1238 

1442 

900 

11.2 

12.0 

2190 

830.3 

1156 

1279 

950 

11.7 

12.7 

2410 

699.8 

869.0 

1015 

1000 

12.2 

13.4 

2546 

624.0 

811.4 

841.7 

1050 

12.7 

14.1 

2801 

444.8 

599 . 5 

640 . 5 

1100 

13.2 

14.7 

2921 

394 . 0 

530 . 5 

563.0 

1150 

13.7 

15.3 

3037 

364.0 

460.0 

497 . 3 

1200 

14.1 

15.9 

3150 

318.8 

432 . 5 

445 . 6 

1250 

14.6 

16  5 

3367 

270 . 8 

358.0 

362 . 8 

1300 

15.0 

17.1 

3569 

238.5 

292 . 9 

315.0 

1350 

15.5 

17.6 

3760 

206.0 

265 . 0 

273.2 

1400 

15.9 

18.2 

4031 

168.8 

225.1 

217.2 

1450 

16.3 

18.7 

4446 

123.8 

152.0 

1 58 . 7 

1500 

16  7 

19.2 

4638 

105.0 

140.0 

140.8 

Pt,  monochromatic  emissivitx 

4827 

92.60 

125.3 

114.2 

X . 

.  .  |536 

|647 

5001 

80.22 

105.0 

107.4 

ext 

i  36 

1  34  8 

5168 

75.79 

90.61 

98.79' 

- ! - 

5486 

61.34 

69.20 

78.81 

X . 

.  .  .  550 

650 

6240 

35.81 

38 . 66 

44.92 

ex  (*) . 

. .  .  .  38 

33  s 

6852 

22 . 50 

25.64 

29 . 28) 

t  =  M.  P. 

38  l 

For  platinum  black,  see  ' 

Table  4. 

W  (18),  data  apply  to  aged  tungsten  filaments 


X  = 

467 

665 

Visible 

Color 

Total 

Crova 

/ 

T 

d.7 

T 

ex 

ex 

1  e 

V 

1  e 

e< 

1 

J 

dr 

300 

50 

5 

47 

0 

3 

2 

0 

.0015 

400 

50 

i 

46 

8 

4 

2 

0 

.  006 

500 

49 

8 

46 

6 

5 

3 

0 

.019 

600 

49 

5 

46 

4 

6 

4 

0 

048 

700 

49 

2 

46 

2 

7 

6 

0 

105 

800 

49 

0 

46 

0 

8 

8 

0 

206 

900 

48 

8 

45 

8 

10 

1 

0 

379 

1000 

48 

6 

45 

6 

46 

4 

39 

6 

11 

4 

607 

7 

0 

654 

5 

35 

1 100 

48 

4 

45 

4 

46 

3 

39 

3 

12 

8 

603 

8 

1 

072 

5 

35 

1200 

48 

2 

45 

2 

46 

2 

39 

1 

14 

4 

600 

4 

1 

691 

5 

35 

1300 

48 

0 

45 

0 

46 

0 

38 

8 

15 

8 

597 

1 

9 

57  6 

5 

35 

1  too 

47 

8 

1  1 

8 

45 

9 

38 

6 

17 

4 

593 

4 

3 

82 

5 

29 

1500 

47 

6 

44 

5 

45 

— 

7 

38 

3 

19 

2 

590 

2 

5 

55 

5 

23 

1600 

17 

5 

44 

3 

45 

6 

88 

1 

20 

7 

587 

4 

7 

77 

5 

15 

1700 

17 

3 

44 

1 

45 

5 

37 

8 

22 

9 

585 

0 

10 

59 

5 

07 

1800 

47 

2 

43 

9 

45 

4 

37 

6 

23 

6 

562 

6 

14 

99 

4 

99 

1900 

47 

0 

13 

7 

45 

3 

37 

3 

24 

9 

580 

6 

18 

25 

4 

91 

2000 

46 

9 

43 

5 

45 

2 

37 

0 

26 

0 

578 

5 

23 

72 

4 

85 

2100 

46 

7 

43 

3 

45 

0 

36 

7 

27 

0 

576 

9 

29 

86 

4 

79 

2200 

46 

6 

43 

1 

44 

9 

36 

4 

27 

9 

575 

3 

37 

18 

4 

74 

2300 

46 

4 

42 

9 

44 

8 

36 

9 

28 

8 

573 

7 

45 

9 

4 

69 

2400 

46 

3 

42 

7 

44 

7 

35 

9 

29 

6 

572 

4 

55 

8 

4 

64 

244 


INTERNATIONAL  CRITICAL  TABLES 


W  (18). — ( Continued ) 


X  = 

4( 

>7 

6< 

5 

Visi 

)le 

|  Color 

1  To 

al 

(  TOY 

a 

, 

r 

d  J 

T 

r 

X 

O' 

e. 

ec 

xc 

J 

J' 

AT 

2500 

46 

2 

42 

5 

44 

6 

35 

6 

30 

2 

571 

i 

67.6 

4 

59 

2600 

46 

0 

42 

3 

44 

4 

35 

3 

31 

i 

570 

i 

80.8 

4 

55 

2700 

45 

9 

42 

1 

44 

3 

35 

0 

31 

8 

569 

i 

96 . 2 

4 

51 

2800 

45 

8 

41 

9 

44 

9 

34 

7 

32. 

3 

568 

2 

112.9 

4 

47 

2900 

45 

6 

41 

7 

44 

l 

34 

5 

32. 

9 

567 

4 

132.  1 

4 

43 

3000 

45 

5 

41 

5 

44 

0 

34 

3 

33. 

4 

566 

6 

153.9 

4 

40 

3100 

45 

4 

41 

3 

43 

8 

34 

1 

33. 

7 

565 

9 

177.5 

4 

37 

3200 

45 

2 

41 

1 

43 

7 

33 

8§ 

34 

i§ 

565 

2 

203 

4 

34 

3300 

45 

i 

40. 

9 

43 

6 

33 

5§ 

34. 

4§ 

564 

5 

232 

4 

31 

3400 

45 

0§ 

40. 

7§ 

43 

5§ 

33 

2§ 

34. 

8§ 

563 

8 

264  § 

4 

29 

3500 

44 

9§ 

40. 

5§ 

43 

4§ 

32 

9§ 

35. 

1§ 

563 

1 

300  § 

4 

27 

3655 

44 

7§ 

40. 

2§ 

43 

3§ 

32 

4§ 

35 

4§ 

562 

1 

360  § 

W,  t  =  2000  to  3200°C,  e\  =  49,  same  for  X  =  536  as  for 
A  =  647 ;  independent  of  t  (10);  others  (8>  12)  have  found  e\  varies 
with  t.  For  solid  W  at  M.  P.,  X  =  650,  e\  =  39  (*). 

*  Fused  in  H. 

t  Radiator  was  a  Pt  wire  in  a  highly  evacuated  enclosure;  eralc.  =  0.751  X 
v  Tp  —  0.63 2Tp  -j-  0.670  (Tp)$ 2  —  0.607  ( Tp )2,  where  p  =  resistivity  (ohm-cm), 
and  T  =  absolute  temperature  (°K);  e0bs.  =  observed  emissivity. 

t  Between  20°C  and  1710°C,  is  independent  of  t. 

§  Extrapolated  values. 


Table  3. — Total  Emissivity  ( et )  of  Oxidized  Metals  (15) 
Surfaces  were  oxidized  at  t  >  600°C;  Unit  of  e,  =  0.01  =  1% 


Metal 

200°C 

400°C 

600°C 

Ag,  Silver . 

2.0 

3.0 

3.8 

Al,  Aluminum* . 

11.3 

15.3 

19.2 

Cu,  Copper f . 

18.0 

18.5 

19.0 

Cu,  Copper* . 

56.8 

56.8 

56.8 

Cu-Zn,  Brass*... 

61.0 

60.0 

58.9 

Fe,  Cast  iron . 

21.0 

Fe,  Cast  iron* . 

64.3 

71.0 

77.7 

Steel f . 

52.1 

54.7 

57.0 

Steel* . 

79.0 

78.8 

78.7 

Ni,  Nickel* . 

36.9 

42.4 

47.8 

Ni-Cu,  Monel* . 

41.1 

43.9 

46.3 

Pb,  Lead* . 

63.1 

Pt,  Platinum . 

6.0 

8.6 

11.0 

Zn,  Zinc* . 

11.0 

*  Oxidized,  f  Calorized  surface. 


Table  4.  Total  Emissivity  ( et )  of  Platinum  Black  and  of 
Lampblack:  Variation  with  Thickness  (n) 


Deposited  upon  Pt. 

D,  =  surface  density  of  the  black. 
0.001  mg  cm-2;  of  e,  =  0.01  =  1%. 
Pt  Black 


IE 

e, 

37 

7.8 

150 

12.9 

224 

23.4 

257 

31 . 1 

286 

46.5 

327 

58.5 

412 

72.9 

599 

89.3 

827 

93.5 

942 

94.2 

1072 

94.9 

1140 

95.3 

1897 

96.8 

3185 

96.7 

was  covered  with  lacquer. 
Unit  of  D,  =  10-6  g  cm-2  = 
Temperature  =  100°C. 


Lampblack 


D. 

e< 

22 

33.0 

25 

40.7 

79 

58.0 

79 

64.0 

90 

72 . 9 

97 

77.6 

126 

82.5 

173 

89.8 

242 

93.1 

267 

94.9 

300 

94.2 

332 

94.5 

339 

94.0 

527 

93.1 

1182 

88.2 

The  lampblack 


Table  5.  —  Efficiency  of  Coated  Sheets  as  Sun-Shields,  and 
Relative  Emissiyities  of  Paints  and  Coatings  (6) 

While  one  side  (upper)  of  a  sheet  was  continuously  exposed 
normally  to  the  sun,  the  radiation  (r)  proceeding  normally  from 
the  other  side  (lower)  was  measured.  If  n  and  r2  are  simultaneous 
values  for  two  sheets  similarly  exposed,  r2/ri  measures  the  relative 
efficiency  of  the  second  with  reference  to  the  first;  if  the  sheets  are 
unperforated  and  are  good  thermal  conductors,  r2/r ,  is  the  ratio 
of  the  emissivities  of  the  two  lower  surfaces.  All  sheets  were 
approximately  at  50°C.  Unit  of  r2/r i  =  0.01  =  1%. 


Sheet  1 

Sheet  2 

ri/ri 

Upper 

Lower 

Upper 

Lower 

Sheet  iron* . 

Asbestos 

Asbestos 

Asbestos 

Al  paint 

55 

Al  paint 

Al  paint 

72 

Iron,  6  mmf . 

BlackJ 

Oxidized 

Al  paint 

Oxidized 

50 

White  lead 

Oxidized 

30 

Iron,  0.5  mmf . 

Black 

Al  paint  d.§ 

I  Black 

Al  paint  p.& 

100 

Black 

White  lead 

Black 

Lampblack 

95, 100 

Black 

Al  paint 

28,  29 

Black 

Enamel  || 

98,  100 

Black 

Lampblack 

Black 

EnamelH 

95,  98 

Black 

Enamel  || 

Black 

Al  paint 

27.  30 

Cypress,  12.7  mmf . 

Unpainted 

Un  pain  ted 

Unpainted 

Al  paint 

43 

Rubberized  cloth^j. . . 

Rubber 

Cloth 

.Al  paint 

Cloth 

45 

Leatheroid**  fl)  . 

Unpainted 

Unpainted 

Unpainted 

Al  paint 

44 

Al  paint 

Unpainted 

30 

(2) . 

Unpainted 

Unpainted 

Unpainted 

Al  paint 

39 

Al  paint 

Unpainted 

25 

(3) . 

Unpainted 

Un  painted 

Unpainted 

Al  paint 

47 

Al  paint 

Unpainted 

27 

Duck,  11  Hff  . 

Unpainted 

Unpainted 

Unpainted 

Al  paint 

14,  15 

Al  paint 

Unpainted 

22,  23 

Duck,  4  Hff  . .  . 

Unpainted 

Unpainted 

Unpainted 

.41  paint 

22,  25 

Ducktt  (12  H;  4  H)tJ.... 

Unpainted 

Al  paint 

Unpainted 

.41  paint 

80,  81 

Duckft  (12  H.  4  H)tt. 

Unpainted 

Unpaintcd 

Un  pain  ted 

Unpainted 

58 

*  Corrugated  asbestos  roofing.  Temperature  in  shade  =  29°C;  temperature  of  sheet  with 
asbestos  on  both  sides  =  44°C;  asbestos  upper,  Al  lower  =  45°C;  AJ  both  sides  =  52°C  Zn 
sprayed  on  both  sides  =  55°C. 


t  Thickness  of  sheet.  J  .Asphalt  paint.  §  d„  p.  =  dull,  polished.  ||  White,  vitreous  enamel. 
H  Balloon  fabric. 

Artificial  leather:  (1)  Single  fabric.  (2)  Double  fabric  enclosing  thin  layer  of  rubber-friction 
stock.  (3)  Similar  to  (2),  but  of  double-texture  fabric.  All  three  were  coated  on  upper  side  with 
a  black,  rubber  composition. 

tt  Cotton  duck;  11  His  13.08  oz./yd.2;  4  H  is  24.54  oz./yd.1;  12  His  11.45  oz./yd.! 
ft  Sheet  1  is  12  H;  sheet  2  is  4  H. 


Table  6. — Loss  of  Heat  from  Vertical  Brick  Wall  (2) 

In  still  air  at  21°C,  the  wall,  at  the  surface  temperature  t,  lost 
heat,  from  one  side,  at  the  rate  E.  E  is  the  same  for  the  natural 
color  (red),  for  brick  coated  with  Ca(OII)2,  and  for  brick  coated 
with  lampblack.  Uncertainty  in  t  is  about  2%.  Unit  of  E  = 
0.001  watt/cm2  =  2.39  X  10~<  cal  cm“2  sec-1  =  6.12  X  10~‘ 
BTU  in.-2  sec-1. 


47°C  1 

66°C 

86°C 

131°C 

199°C 

218°C 

30.8  1 

61.7 

92.5 

185 

370 

431 

1  able  7.— Normal  Irradiation  ( R )  by  Hefner  Standard  Lamp 
and  by  Sperm  Candle:  Distance  =  1  Meter 

Ii  —  radiant  power,  per  unit  area  of  receiving  surface,  which 
is  received  by  a  surface  which  is  normal  to  the  direction  of  propa¬ 
gation  of  the  radiation  and  1  meter  from  the  source.  Unit  of 

R  =  1°  6  watt/cm-2  =  2.389  X  10~«  cal  cm'2  sec"1  =  6  118  X 
10-*  BTU  in.-2  sec-1. 


Source 

1  Sperm  candle 
1  Hefner  lamp. 


*  No  diaphragm. 


t 


ft  |  Remarks 


12.1 

10.9* 

9.6f 

9.47f 

Amyl  acetate,  ordinarv 

9.40| 

Amyl  acetate,  pure 

9.43f 

Isoamyl  acetate 

Diaphragm,  opening  14  mm  bv  50  mm. 


Lit. 


(4) 

(*> 

(*) 

(9) 

(9) 

(9) 


SELECTED  LIGHT  SOURCES 


24; 


Table  8. — Monochromatic  Emirsivity  (ex)  and  Monochro¬ 
matic  Intensity  (Jx)  of  Radiation  of  Welsbach  Gas 
Mantle  (14) 

The  mantle  contained  0.993  Th02  per  0.007  Ce203;  J\  depends 
upon  relative  amount  of  Ce202.  ex  is  computed  on  assumption 
that  true  absolute  temperature  of  mantle  =  1800°K.  Unit  of  X  = 
1m  =  0.001  mm  =  104A;  of  J\  =  (arbitrary);  of  ex  =  0.01  =  1%. 


X 

Jx 

ex 

X 

Jx 

ex 

X 

Jx 

ex 

0 . 45 

3.8 

86 

1.5 

34.0 

0.9 

8.0 

23.9 

21 

0.60 

11.5 

72 

2.0 

25.5 

0.7 

9.0 

29.9 

39 

0  65 

22.0 

49 

3.0 

17.0 

0.9 

10.0 

27.4 

52 

0.60 

24  0 

24 

4.0 

7.6 

0.8 

12  0 

19.1 

70 

0 . 70 

25.8 

6.2 

5.0 

7.0 

1.4 

15.0 

8.9 

79 

1  0 

3 1  3 

1.9 

6.0 

7.9 

2.7 

18.0 

5.0 

81 

1.2 

34.3 

1 .2 

7.0 

15.0 

8.4 

Table  9. — Monochromatic  Intensity  (Jx)  of  Radiation  from 
a  Cylindrical  Acetylene  Flame  (5) 

The  value  of  J\  for  a  flat  flame,  whether  viewed  flatwise  or 
edgewise,  is  different  from  that  for  a  cylindrical  flame.  ./'x  is  the 
intensity  of  the  radiation  from  a  black-body  at  2360°K,  assuming 
C2  =  14350  micron  °K.  Unit  of  X  =  10~V  =  10-7  cm  =  10  A; 


of  Jx 

-  *< 

u-> 

O 

II 

=  (arbitrary);  of  Jx/Jx  = 

0.01 

= 

1%. 

k 

Jx 

J'x 

J'x/Jx 

1  x 

Jx 

J'x 

j'x  /  Jx 

400 

5 

3.3 

66 

460 

11 

8 

11 

9 

94.9 

425 

7 

5.5 

79 

475 

15 

0 

14 

6 

97.4 

440 

8.5 

7.6 

89.4 

500 

20 

9 

21 

0 

100.5 

450 

10.0 

9.25 

92.5 

520 

27 

5 

27 

3 

99 . 3 

x  i  Jx  l  j[  1  j'j-h  i  x  l  Jx  ,~x  i ./;  rA 


525 

29 

2 

29 

o 

100 

0 

650 

91 

o 

92 

1 

101 

0 

540 

34 

6 

34 

6 

100 

0 

660 

97 

6 

98 

5 

1(M) 

t 

550 

38 

9 

38 

8 

99 

8 

675 

107 

5 

108 

0 

100 

4 

560 

42 

9 

43 

1 

1(M) 

4 

680 

110 

9 

111 

3 

1(M) 

7 

575 

49 

8 

49 

9 

100 

2 

700 

124 

1 

124 

1 

1(M) 

0 

580 

52 

2 

52 

4 

1(M) 

3 

720 

137 

5 

137 

9 

99 

8 

600 

62 

5 

62 

9 

100 

6 

725 

141 

0 

140 

5 

99 

6 

620 

73 

3 

74 

0 

101 

1 

740 

151 

0 

150 

2 

99 

5 

625 

76 

1 

76 

8 

1(M) 

8 

750 

157 

9 

157 

9 

99 

5 

640 

85 

0 

86 

0 

101 

1 

750 

163 

0 

157 

9 

96 

5 

Table  10. — Monochromatic  Intensity  (J\)  of  Radiation  or  a 
Gas-Filled  Tungsten  Lamp  (13) 


Color  temperature  -  2848°K;  efficiency  =  15.6  lumen  per  watt. 
Unit  of  X  =  10-V  =  10~“  cm  =  lOOA;  of  J\  =  (arbitrary). 


X  =  40 

42 

44 

46 

48 

50 

52 

54 

56 

Jx  =  |  35 

45 

57.5 

73.5 

94.0 

116.5 

141 

167.5 

196 

X  =  I  58 

60 

62 

64 

66 

68 

70 

72 

74 

Jx  =  224 

252 

280 

307 . 5 

336.5 

365 

393 

421 

450 
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TEMPERATURE,  BRIGHTNESS  AND  EFFICIENCY  OF  SELECTED  SOURCES  OF  LIGHT 

W.  E.  Forsythe 


(All  data  and  computations  not  credited  to  another  have  been 
supplied  by  the  Nela  Research  Laboratory,  Cleveland,  Ohio, 
U.  S.  A.) 

Definitions 

The  brightness  temperature  of  a  body  (R)  for  a  stated  wave¬ 
length  (frequently,  X  =  0.665m)  is  the  temperature  at  which  an 
ideal  black-body  has,  at  this  wave-length,  the  same  brightness  as  B. 

The  color  temperature  of  a  body  (B)  is  the  temperature  at  which 
an  ideal  black-body  has  the  same  integral  (or  apparent )  color  as  B. 

The  radiation  temperature  of  a  body  (B)  is  the  temperature  at 
which  the  rate  of  total  energy  radiation  from  an  ideal  black-body 
is  equal  to  that  from  B. 

By  the  brightness  of  a  source  is  meant  the  brightness  in  the 
direction  perpendicular  to  the  emitting  surface. 

Table  1. — Brightness  Temperature  (X  =  0.665m)  Corre¬ 
sponding  to  True  Temperature  T 
T  =  true  absolute  temperature,  °K 


T 

C* 

(8) 

Mo 

(14) 

Ni 

(14) 

Pt 

(14) 

Ta 

(><) 

W 

(12) 

N crust 
glower 

1 1 

l(MM) 

995 

958 

956 

950 

966 

966 

IKK) 

1092 

1049 

1047 

1037 

1058 

1  ( )5s 

959 

1200 

1 180 

1 139 

1137 

1124 

1149 

1  1 19 

1065 

1300 

1286 

1228 

1226 

12i  1 

1239 

1240 

1271 

1400 

1382 

1816 

1 3 1 6 

1296 

1329 

1330 

1277 

15(M) 

I  17s 

1403 

1403 

1381 

Ills 

1 120 

1384 

1600 

1574 

1 189 

1 166 

1506 

1509 

1491 

T 

C* 

(8) 

Mo 

(14) 

Ni 

(14) 

Pt 

(14) 

Ta 

(14) 

W 

(12) 

Nernst 

glower 

" 

1700 

1670 

1574 

1551 

1592 

1597 

1598 

1800 

1766 

1658 

1634 

1680 

1684 

1705 

1900 

1862 

1741 

1717 

1766 

1771 

1814 

2000 

1 95s 

1824 

1800 

1851 

1857 

1922 

2100 

2054 

1905 

1935 

1943 

2030 

2200 

2150 

1986 

2018 

2026 

21  1(1 

2300 

2245 

2(M55 

2099 

2109 

2250 

2400 

2340 

21 13 

2 1  si  i 

2192 

2361 

2500 

2220 

2260 

2274 

2472 

2600 

2297 

2339 

2356 

2700 

2373 

24 1 7 

2437 

2800 

2448 

2495 

2516 

2900 

2523 

2 57 1 

2596 

3(MM) 

2647 

2673 

T 

Au 

i  i 

Cut 

(») 

Fef  FeOJ 

(3)  |  (3) 

NijO>t 

(3) 

Ni-Cr§ 

(3) 

KMM) 

(.M)8 

KMM) 

999 

997 

1100 

990 

1099 

1098 

1095 

1200 

1071 

1197 

1  KM) 

1193 

1300 

1151 

1295 

1292 

12£Q 

1400 

1255 

1392 

1389 

1383 

1500 

1335 

1412  1489 

1  Is  1 

1475 
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Table  1. — ( Continued ) 


r  \  An 

!  (14) 

Cuf 

(3) 

Fef  1  FeOJ 
(3)  (3) 

Ni*0,} 

(3) 

Ni-Cr§ 

(3) 

Slagf 

(3) 

1600 

1413 

1499 

1580 

1700 

1490 

15S6 

1646 

1800 

1 566 

1673 

1 738 

1900 

1759 

1831 

2000 

1844 

1924 

2100 

1929 

2200 

2016 

*  Untreated  carbon  filament, 
i  Molten. 

X  Solid. 

§  Nichroine,  chromel. 


Table  2. — Color  Temperature  Corresponding  to  True 
Temperature  (T)  (9)  and  Table  1 


T  =  true  absolute  temperature,  °K 


T 

c  * 

Mo 

Ni 

Pt 

Ta 

w 

Nernst 

glower 

1000 

1004 

!  1020 

|  1011 

1006 

1100 

1105 

1125 

1116 

1108 

1200 

1207 

1  1231 

1222 

1210 

1300 

1300 

1309 

1336 

1328 

1312 

1400 

1396 

1411 

1442 

1435 

1414 

1500 

1492 

1513 

1546 

1542 

1532 

1517 

1517 

1600 

1590 

1616 

1649 

1642 

1619 

1631 

1700 

1687 

1720 

1757 

1751 

1722 

1744 

1800 

1785 

1823 

1865 

1859 

1825 

1857 

1900 

1884 

1927 

1974 

1967 

1929 

1968 

2000 

1984 

2032 

2083 

2075 

2033 

2074 

2100 

2086 

2138 

2182 

2137 

2173 

2200 

2187 

2244 

2288 

2242 

2265 

2300 

22S8 

2350 

2393 

2347 

2345 

2400 

2456 

2497 

2452 

2426 

2500 

2563 

2601 

2557 

2502. 

2600 

2672 

2705 

2663 

2800 

2891 

2911 

2878 

3000 

3094 

*  Untreated  carbon  filament. 


Table  3.  Color  I  empkrature  Corresponding  to  Brightness 
Temperature  ( T0 )  (9)  and  Table  1 


Tb  =  brightness  temperature,  absolute,  °K 


Tb 

c* 

1  Cf 

Os 

1400 

1414 

1444 

1500 

1515 

1562 

1600 

1616 

1620 

1680 

1700 

1718 

1735 

1799 

1800 

1820 

1852 

1919 

1900 

1923 

1962 

2045 

2000 

2028 

2064 

2168 

2  UK) 

2134 

2161 

2295 

2200 

2240 

2255 

2427 

2300 

2556 

2400 

2688 

*  Untreated  carbon  filament, 
t  Treated  carbon  filament.  "Gem." 


Table  4. — Radiation  Temperature  Corresponding  to  True 
Temperature  ( T ) 


T  =  true  absolute  temperature,  °K 


T 

Cu* 

(3) 

CuO 

(3) 

Fe* 

(3) 

FeO 

(3) 

Mo 

(14) 

Ni2Oj 

(3) 

Pt 

(13) 

W 

(5) 

1000 

880 

963 

557 

892 

562 

581 

1100 

961 

1060 

633 

1003 

632 

659 

1200 

1156 

1156 

708 

1112 

704 

738 

1300 

815 

1245 

1251 

786 

1220 

775 

819 

1400 

873 

1334 

1346 

864 

1332 

849 

905 

1500 

934 

1424 

1092 

1442 

945 

1442 

922 

991 

1600 

1000 

1514 

1163 

1024 

995 

1080 

1700 

1235 

1106 

1070 

1167 

1800 

1307 

1187 

1146 

1254 

1900 

1382 

1272 

1222 

1342 

2000 

1456 

1354 

1297 

1428 

2200 

1523 

1601 

2400 

1693 

1775 

2600 

1866 

1945 

2800 

2039 

2116 

3000 

2286 

*  Molten. 


Table  5. — Brightness*  ( B )  Corresponding  to  True 
Temperature 

T  =  true  absolute  temperature,  °K;  B  =  A  X  10".  Example s. 
W  has  a  brightness  of  0.00012  candle/cm2  at  1()00°K,  of  2.26  at 
1700°K,  and  of  347  candle/cm2  at  2600°K.  Unit  of  B  =  1 
candle/cm2  =  6.452  candle /in.2  =  3.142  lambert. 


T 

n 

|  B.  B.  t|  W 

I  Mo 

Ta 

CJ  |  Nernst  §  Pt 

|  Ni 

n 

A 

1000 

-4 

2.5 

1.2 

1.0 

2.0 

0.7 

0.9 

-4 

1100 

-4 

21 

10 

8.1 

17.4 

6.2 

8.0 

-4 

1200 

_2 

1.30 

0.6 

0.50 

1.1 

0 . 43 

0.52 

_2 

1300 

-2 

6.4 

2.9 

2.4 

5.4 

2.04 

2.5 

-2 

1400 

-1 

2.35 

1.1 

0.89 

1.9 

0.5 

0.74 

0 . 90 

-1 

1500 

-1 

7.22 

3.3 

2.7 

3.2 

6.0 

2.2 

2.4 

2.8 

-1 

1600 

-1 

20.5 

9.2 

7.65 

9.1 

16.2 

7.8 

6.43 

-1 

1700 

0 

5.06 

2.26 

1.87 

2.21 

4.05 

2.27 

1.61 

0 

1800 

0 

1 1 . 25 

5.054.13 

5.04 

8.89 

6.0 

3.56 

0 

1900 

0 

22.9 

10.40  8.34 

10.35 

18.5 

14.0 

7.5 

0 

2000 

1 

4  39 

2.00 

1.59 

2.02 

3.44 

2.93 

1.43 

1 

2100 

1 

7.94 

3.56 

2.86 

3.63 

6 . 30 

5.70 

1 

2200 

1 

13 . 62 

6.13 

4.85 

6.23 

10.69 

10.6 

1 

2300 

1 

22.47 

10.05 

7.95 

9.45 

24.45 

20.6 

1 

2400 

2 

3.50 

1.5701.23 

1.46 

3.72 

2 

2500 

2 

5.31 

2 . 375  1 . 86 

2  29 

2600 

2 

7.75 

3.470 

2.70 

3.24 

2700 

2 

1 1 .30 

4 . 980 

3.91 

4 . 57 

2800 

2 

15.80; 

6.94 

5.40 

6.16 

2900 

2 

21.60 

9.49 

3000 

2 

28.90  12.57 

3100 

2 

37.60  16.47 

3200 

2 

48.50  21.10 

3300 

2 

61 . 10  26.85 

3400 

3 

7.42 

3.37 

3500  l 

3 

8.82 

4.22 

3600 

3| 

10.30| 

5.74 

*  Computed  from  brightness  of  black-body  (s)  and  data  in  Table  2. 
t  Black-body  («);  data  for  T  =  1000  to  1600°  and  2700  to  3000°  are  cal- 
culated. 

X  Untreated  carbon  filament. 

§  Nernst  glower. 
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T \ble  6. — Brightness*  ( B )  Corresponding  to  Color 
Temperature  (Tc) 


Tr  =  absolute  color  temperature,  °K.  Unit  of  B  =  1  candle 
cm1  =  6.452  candle/in. 2  =  3.142  lambert. 


T 

ct 

ct 

Os 

B 

14(X) 

0.20 

0  15 

15(X) 

0.62 

0 . 43 

1600 

1.8 

1.8 

1  15 

1700 

4.4 

4.1 

2.60 

1800 

9.9 

8.9 

5.7 

1900 

20.0 

17.4 

11.0 

2000 

39.0 

32  5 

20.5 

2100 

68 

57.5 

35.0 

2200 

117 

102 

59.0 

2300 

187 

171 

93.0 

2400 

144.0 

2500 

209 

2600 

306 

2700 

427 

2800 

590 

*  Computed  from  brightness  of  blaek-body  («)  and  data  of  Table  2. 
t  Untreated  carbon  filament. 

X  Treated  carbon  filament,  "Gem.” 


Table  7.— Temperature,  Brightness  and  Efficiency  of 
Selected  Sources  of  Illumination 
T,  7'n,  T-  =  true,  brightness,  and  color  temperature,  absolute 
scale,  expressed  in  °K;  E  =  efficiency;  B  =  intrinsic  brightness; 
C  =  carbon,  Os  =  Osmium,  Ta  =  Tantalum,  W  =  Tungsten; 
50-tv.  =  50  watt;  w.p.c.  =  watt  per  candle;  cp.  std.  =  candle 
power  standard.  Unit  of  B  =  1  candle/cm2  =  6.452  candle /in. 2 
=  3.142  lambert;  of  E  =  1  lumen/watt. 


Source 

T 

tb 

Tt 

E 

B 

Remarks 

Candle:  sperm . 

1  930 

1.0 

Bright  spot 

Paraffin . 

1  925 

Kerosene:  flat . 

1  500 

2  055 

1.2 

Bright  spot 

Round . 

1  530 

1  920 

1.5 

Bright  spot 

Hefner  lamp . 

1  880 

0.7 

Bright  spot 

Pentane  lamp* . 

1  920 

10  ep.  std. 

Gaa:  flamef . 

2  160 

Batswing 

1  875 

Candle 

Mantle . 

6.2 

Bright  spot 

Acetylene^ . 

2  380 

Whole  fiarne 

I  660 

2  465 

6.7 

One  spot 

1  730 

2  360 

10.8 

Mees  burner 

Vacuum  lamps: 

C,  4  w.p.c . 

2  030 

2  080 

2.5 

55 

Filament 

3.1  w.p.c . 

2  065 

2  165 

3.2 

71 

Treated 

2.5  w.p.c . 

2  130 

2  195 

l  ') 

78 

Gem 

50-  w . 

2  095 

2  080 

2.5 

55 

Untreated  (s) 

50-w . 

2  130 

2  195 

4.0 

78 

Gem  (») 

Vacuum  lamps: 

Os,  2  w.p.c . 

2  035 

2  185 

6.3 

61 

Ta,  2  w.p.c. .  . 

2  000 

2  260 

6.3 

53 

50-w . 

2  ISO 

2  260 

6.3 

53 

(*( 

W,  I()-w . 

2  355 

2  390 

7.7 

128 

Straight§§  (s) 

25-w . 

2  450 

2  493 

9.8 

193 

Straight§§  (5) 

40- w . 

2  460 

2  504 

10.0 

206  § 

Straight §§  (*) 

60- w . 

2  465 

2  509 

10.1 

211 

Straight§§  (5) 

Source 

T 

Th 

T. 

F. 

B 

H  emarks 

W,  Bulb  frosted  on 

inside  (9): 

15-w 

2  470 

8.4 

2.3 

Coiled 

25-w 

2  505 

9.5 

4  1 

Coiled 

40-w 

2  535 

10.0 

5 . 2 

Coiled 

Gas-filled  lumps  (5): 

W,  50-W 

408 

White  mazda" 

50-w, 

2  685 

2  670 

10.0 

469 

75-  w . 

2  735 

2  705 

11.8 

563 

White  mazduc 

100-w. 

2  760 

2  740 

12.9 

605 

200-  w .  . 

2  840 

2  810 

15.2 

7S1 

200- w . 

2  860 

10.0 

"Daylight” 

500-w. 

2  960 

11.2 

"Daylight" 

7 50-w . 

3  065 

Photographic 

900-w 

3  290 

3  220 

27  3 

2  660 

Special** 

1000-w . . . 

2  990 

2  980 

20.0 

1  225 

1000-w . 

3  185 

3  175 

24.2 

2  065 

Stereopticon 

1 500-w. 

3  105 

Photographic 

2000- w. 

3  020 

3  000 

21.2 

1  350 

Mazda  f  f 

10  kw . 

3  350 

3  300 

31.0 

3  050 

Special** 

30  k  w . 

3  350 

3  300 

31.0 

3  050 

Special** 

Bulb  frosted  on  inside 

50-w . 

2  650 

10.0 

7.8 

Coiled 

60- w . 

2  655 

11.1 

9.2 

Coiled 

100-w . 

2  705 

13.4 

12.3 

Coiled 

Electric  arc: 

Solid  C . 

3  385 

3  780 

9  200 

(t0) 

Cored  C . 

3  075 

3  420 

4  130 

(1°) 

Graphite  (C) . 

3  735 

3  775 

17  300 

(10) 

Hg,  385- w . 

(2) 

Direct  current 

2  2 

no  volt 

430-w . 

(2) 

Alternating 

current  2.4 

110  volt 

500-w . 

(2) 

Quartz  tube 

350 

100  volt 

Clear  sky  (7) . 

0.8 

Average 

Moon  (4) . 

0.25 

Bright  spot 

SunjJ  (as  observed  from  surface  of  earth) 

165  000 

(As  observed  from  top  of  earth’s  atmosphere) 

224  000 

*  Color-matched  by  Bureau  of  Standards. 

t  Mixture  of  coal  gas  and  water  gas,  heating  value  cn.  600  BTU/ft.’;  •'bats¬ 
wing”  and  "candle"  refer  to  the  shape  of  the  flame;  the  candle-shaped  flame 
was  about  10  cm  high. 

t  For  first  two  lines,  the  burner  was  from  a  "prest-o-lite”  automobile  head¬ 
light,  reflector  removed;  for  third  line,  a  Mees  burner  was  used. 

§  For  frosted  bulb,  B  =  2.5;  for  “golden  mazda”  bulb,  B  =  2.0  (®). 

||  For  bulb,  B  =  1.3. 

H  Filament,  sprayed;  for  bulb,  B  =  2.1. 

**  For  special  illumination. 

ft  For  inside  surface  of  coil,  B  =  3  000;  for  frosted  bulb,  B  =  130. 

tt  Calculated  from  data  of  ('). 

§§  Straight  filament. 
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INTRODUCTION 

When  the  angle  of  incidence  is  not  zero,  the  light  reflected  from 
a  metal  is  elliptically  polarized  unless  the  incident  light  is  plane 
polarized  either  in  or  perpendicular  to  the  plane  of  incidence. 
Since  the  reflectivity  and  the  ellipticity  are  very  sensitive  to 
changes  in  the  condition  of  the  surface,  published  values  of  the 
optical  constants  are  quite  discordant.  The  values  are  here 
classified  according  to  the  preparation  of  the  mirror,  since  this 
seems  to  affect  the  results  in  many  cases.  To  obtain  the  dis¬ 
persion  of  the  optical  constants  of  some  materials,  it  may  be 
necessary  to  use  data  from  several  tables.  It  should  also  be 
observed  that  the  reflectivity  may  be  calculated  from  the  indices 
of  refraction  and  absorption  with  the  aid  of  the  formula  given  in 
the  following  section.  The  values  in  the  reflectivity  tables  may  be 
supplemented  in  this  way,  if  necessary. 

For  all  substances  in  which  the  index  of  absorption  is  not  zero, 
both  it  and  the  index  of  refraction  vary  with  the  angle  of  incidence 
(27.1,  45.1). 

Optical  constants  of  dyes  and  vapors  of  metals,  and  data  in 
regard  to  spectra,  emissivity,  magneto-optics,  photoelectricity, 
photoconductivity,  X-rays,  and  y-rays  are  covered  by  other  reports; 
see  index. 


SYMBOLS  AND  NUMERICAL  RELATIONS 

A  100  X  absorption  by  a  thin  film;  A  =  100  —  (22  +  T). 

Jo,  Jx  Intensity  of  parallel  light  at  two  plares  within  the 

substance,  the  planes  being  perpendicular  to  the 
direction  of  propagation  of  the  light,  and  separated 
by  the  distance  x. 

Ji,  Jt,  Jr  Intensity  of  the  incident,  transmitted  and  reflected 
light. 

k  Index  of  absorption  for  normal  incidence  in  the  direc¬ 

tion  of  x;  Jx  =  J0e~i*nkx,Xo,  x  and  X0  are  to  be 


expressed  in  the  same  units. 

fee  Index  of  absorption  for  incidence  at  an  angle  0  with 

the  normal  x;  Jx  =  Joe~*’rnk0x/X*. 


n  Index  of  refraction  for  normal  incidence  =  ratio  cf 

wave  or  phase  velocity  of  light  in  vacuo  (F)  to  ‘hat 
in  the  substance  ( v);n  =  V /v  =  Xo/X. 

no  Index  of  refraction  for  angle  of  incidence  8;  ng  = 

sin  0/sin  p. 

R  100  X  reflectivity;  R  =  100 Jr/Ji. 

Ro  Value  of  R  when  0=0. 

22 1|  [R  jJ  Value  of  R  when  incident  light  is  plane  polarized  with 

electric  vector  parallel  [perpendicular]  to  the  plane 
of  incidence. 

T  100  X  transmissivity  of  a  thin  film;  T  =  100 JT/Ji. 

«H  [m  jJ  Component  of  amplitude  of  reflected  light  with  electric 
vector  ||  [JL]  plane  of  incidence. 

A  Difference  in  phase  of  w||  and  uj_. 

X  Wave-length  in  metal  of  refracted  light. 

Xo  Wave-length  in  vacuo  of  incident  light. 

P  Angle  of  refraction;  p  =  sin-1  (ng~l  sin  0). 

0  Angle  of  incidence. 

0  Principal  angle  of  incidence  =  value  of  0  at  which 

A  =  90°. 

<P  Azimuth  of  restored  plane  of  polarization,  measured 

from  plane  of  incidence;  tan  t/  =  W||/uj_. 

4/  Principal  azimuth  =  value  of  1/  when  0  =  0,  i.e.,  when 

A  =  90°. 

For  transparent  metal  films,  see  (8i  17);for  massive  metals  and 

opaque  films  the  following  relations  apply  (10i  61 ): 

tan  A  =  sin  Q  tan  2 P 
cos  2  <J/  —  cos  Q  sin  2 P 

where 

t  p  =  [n«(l  +  k 2)2  -  2n2(l  -  k2)  sin2  0  +  sin-1  0]1 

sin  0  tan  0 

=  (nVJ  +  2c2) / sin  0  tan  0,  approximately; 

2  n*k 


tan  2 Q  = 
tan  Q  = 


where 


n2(  1  —  k 2)  —  sin2  0 
k,  approximately. 
d  _  ,no”2  (1  +  k*)  -2n  +  1 
“  100  n2  (1  +  ifc2)  +  2n  +  1 

r  =  inn  z  r"s  °'2  +  *1 

(mg  4-  cos  0 1-  +  mj  &| 

22 1|  _  (mg  —  sin  0  tan  0)2  +  mg  k% 
R  ±  ( mg  +  sin  0  tan  0) 2  +  k\ 


mg  =  no  cos  p 

2 ml  =  V(«-  -  n-k- 


sin  0  t 


sin2  0)2  +  4 n'k2  +  (n2  -  n2*2  - 

sin2  0) 

2m$fc$  =  v/ (n-  —  n-k-  —  sin-  0)2  +  4 n*k-  —  (n-  —  n2k2  — 

sin2  0) 

sin2  0 


+ 


an  0  -  »VTl  +  P)  [l  -  ]([-+  J\) 

=  nV(l  +  kr), 

approximately; 


( 2  3/1  —  A-2V 

\  sin4  0 

V  u  + 

)  n4(l  +  X-2)2 

tan  2  i p 


-r  +  ktj  n4(1  +  k2y  -r 


sin2  0 
/i  -  ( 1  +  k2> 


] 


=  k,  approximately. 
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Table  1. — Refraction  and  Absorption  of  Pure  Massive 
Metals,  I,  Mn,  MoSj  and  Steel 

Jz  =  Joe~i*nl'z  x  and  X0  expressed  in  same  unit.  I'nit  of 
X  =  1M  =  104A  =  10~4  cm. 


Ag  (34) 

C,  Graphite  (47);  cf.  (19,  57,  62) 

X 

n 

k 

X 

n 

k 

0.226 

1.41 

0.75 

0 . 436 

1.90 

0.36 

.231 

1 . 43 

0.78 

.492 

1.94 

.34 

.250 

1.49 

0.92 

.546 

1.96 

.34 

.257 

1.53 

0.84 

.578 

1.97 

.33 

.  293 

1.57 

0.62 

.  623 

2.00 

.33 

.298 

1 . 56 

0.58 

322 

0.83 

0.49 

Cb  (57) 

.332 

.40 

1 .61 

0.578 

|  1 .80 

|  1.17 

.336 

.26 

3.21 

.346 

22 

5.01 

Cd  -9 

.361 

.20 

7.22 

0.436 

0.39  Z* 

9.13  Z* 

.395 

.16 

12.3 

.546 

0.76  Z* 

6.41  Z* 

.450 

.16 

14.5 

.579 

0.82  Z* 

6.27  Z* 

.500 

.  17 

17.1 

.589 

1.13 

4.43 

.550 

.18 

18.8 

.630 

1.31 

4.05 

.589 

.18 

20.6 

*  (27);  l  -  liquid  Cd. 

.589 

.20* 

17.1* 

.630 

.  20 1 

19. 5t 

Co  (34,  53);  r/.  (9) 

*(3>).  t(»). 

0.231 

1.10* 

1.30* 

.257 

1.25* 

1.45* 

.275 

1.41* 

1.52* 

A1  (45) 

.298 

1.50* 

1.56* 

3.431 

0.78 

2.85 

.347 

1.54* 

1.61* 

486 

0.93 

3.15 

.395 

1.63* 

1.79* 

.  527 

1  10 

3  39 

.420 

1.68 

1.83 

.589 

1.28 

3.66 

.440 

1.71 

1.87 

.  589 

1.44* 

3  64* 

1 . 86 

1.84 

.657 
*  (30) 

1.48 

3.92 

.520 

1.98 

1.83 

.560 

2.09 

1.83 

.600 

2.21 

1.83 

AU  (53);  cf.  (31, 

50,  61  ) 

.640 

2.34 

1.82 

0 . 400 

1.58 

1.13 

.  680 

2.50 

1.78 

.420 

1.57 

1.15 

*  (34). 

.  440 

1 . 54 

1 . 17 

.460 

1.45 

1.20 

Cr  (14);  Cf.  (57) 

.480 

1.28 

1.32 

0.257 

1.64 

2.25 

.500 

0.94 

1.87 

.275 

1.27 

2.45 

.520 

.  67 

2.99 

.298 

1.21 

2.23 

.540 

.54 

4.32 

.325 

1.26 

2.31 

.580 

.42 

6.65 

.340 

1.26 

2.35 

.620 

.35 

8.95 

.347 

1.42 

2.12 

.660 

.32 

1 1  20 

.361 

1.53 

2.10 

.700 

.28 

13.60 

.398 

1.72 

2.13 

.415 

1.90 

2.13 

Bi  (3 l);e/.  (l) 

.444 

2.36 

1.88 

0.257 

0.99 

1.01 

.468 

2.47 

1.88 

.275 

0.99 

1  15 

.480 

2.65 

1.79 

.298 

0.97 

1.37 

.502 

2.93 

1.56 

.326 

0.98 

1 . 52 

.508 

3.06 

1.53 

.361 

1 .09 

1.64 

.  533 

3.45 

1.41 

.398 

1.26 

1.66 

.588 

3.59 

1.26 

.436 

1 .80  Z* 

1.79/* 

.608 

3.28 

1.31 

.441 

1 .38 

1  .64 

.468 

1.47 

1.64 

Cs,  Cs-glass  mirror  (37) 

.508 

1.55 

1.64 

0.455 

0.362 

2.37 

.546 

2.35  Z* 

1.63  <* 

.489 

.339 

2.70 

579 

2.48  Z* 

1.60  Z* 

.540 

.326 

3.41 

.589 

1.78 

1.57 

.589 

.321 

3.70 

.668 

1.96 

1.58 

.641 

.326 

4.01 

*  (*»>;/  - 

liquid  Hi. 

.680 

.350 

4.34 

Cu  (34,  53);  cf  (9, 

39,  48,  50) 

X 

n 

k 

0.231 

1.39* 

1.05* 

.257 

1.40* 

1 .01* 

.275 

1.37* 

1 .01* 

.298 

1.26* 

1.05* 

.347 

1 . 19* 

1.23* 

.395 

1.17* 

1.50* 

.450 

1 . 13* 

1.90* 

.460 

1.19 

1.93 

.480 

1.17 

2.00 

.500 

1.17 

2.03 

.520 

1.15 

2.11 

.540 

1.07 

2.25 

.560 

0.855 

2.83 

.580 

.  600 

4.66 

.589 

,62f 

4. If 

.589 

.641 

4.08J 

.600 

.565 

5.51 

.620 

.580 

5.72 

.640 

.615 

5.82 

.660 

.655 

5.77 

*(34).  t(3S).  1(30). 

Fe  (9,  30,  50) 


0.589 

2 . 36 

1.36 

.589 

2.18* 

1.25* 

.589 

2 .41  f 

1 .411 

.589 

2.36f 

1.361 

*(50).  f  (10) 

Steel  (34,  si, 

53) 

99  Fe  +  1  C 

0.227 

1.30 

1.26 

.231 

1.32 

1.28 

.257 

1.38 

1.35 

.298 

1.40 

1.43 

.326 

1.37 

1.53 

.361 

1.52 

1.63 

.400 

1.68 

1.62 

.420 

1.79* 

1.58* 

.440 

1.86* 

1.55* 

.460 

1  -93f 

1.541 

.480 

2.07* 

1.46* 

.500 

2.131 

1.461 

.520 

2.26* 

1.38* 

.540 

2.301 

1.411 

.580 

2.441 

1.361 

.620 

2.541 

1.341 

.660 

2.641 

1.311 

.700 

2.701 

1.311 

*(53>.  t(»>). 

Hg,  Liquid  (12,  3 1 ,  38) 

0.257 

0.61* 

2.94* 

.275 

0.62* 

3.03* 

.298 

0.65* 

3.10* 

.302 

0.551 

4.091 

.313 

0.441 

5  751 

.325 

0.69* 

3  35* 

.326 

0.68 

3.32 

.361 

0.77 

3.51 

.365 

0.641 

4.64f 

.398 

0.92 

3.44 

.405 

0.791 

4.301 

.436 

0.881 

3.94f 

Hg. — ( Continued ) 


X 

n 

k 

0.441 

1 .01 

3.39 

.468 

1  15 

3.21 

50S 

1.31 

2.99 

.589 

1.62 

2.71 

.630 

1.72 

2  73 

*  (12).  f  (38) 

I  (31) 

0 . 326 

1.70 

0.49 

.361 

2.04 

.  65 

.398 

2.36 

.63 

.441 

2.81 

.54 

.468 

3.08 

.47 

.508 

3.31 

.37 

.589 

3.34 

.  17 

Ir  (”) 

0.578 

2.13 

2.28 

.660 

2.40 

2.10 

K  (IE  35) 

0.472 

0.070 

14.3 

.546 

.060* 

21  5* 

.589 

.068 

22.1 

.665 

.066 

26.8 

*  (3S). 

Mg  ® 

0.589 

0.37 

11.8 

.63 

.40 

11.5 

Crystal  axis*  X  (20) 

0.416 

0.260 

5.95 

.440 

.290 

6.10 

.496 

.285 

6.37 

.520 

.335 

6.97 

.560 

.337 

6.38 

.589 

.340 

6.25 

.620 

.315 

6.97 

.650 

.323 

6.94 

Crystal  axis*  | 

(20) 

0.416 

0.305 

4.94 

.440 

.340 

3 . 87 

.496 

.365 

5.06 

.520 

.385 

5.57 

.560  | 

.420 

4  62 

.589 

.390 

5  05 

.620 

.420 

5.48 

.650 

.423 

5.18 

*  Principal  axis  ±  [(]J 

to  plane  of 

incidence. 

Mn 

(14,  30,  5  7) 

G.  257 

0.661 

1.79 

.274 

0 . 762 

1  67 

.297 

1.01 

1.58 

.325  ; 

1 .03 

1.71 

.340 

1 .02 

1.75 

.347 

1.10 

1 . 76 

.360  1 

1.16 

1.79 

.397 

1.29 

1 .83 

.414 

1.39 

1  80 

.439 

1.54  I 

.468 

1.65 

1  71 

.479 

1 .69 

1.75 

.507  i 

1.84 

1  78 

.532 

1.85 

1  77 

.578  1 

2.49* 

1.56* 
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Mn. — (I ' ontinucd ) 


X 

n 

k 

0.588 

2.25 

1.67 

.589 

2. Ilf 

1 .61  f 

.  625 

2 . 23 

1.74 

.668 

2 . 62 

1.55 

*  (57).  t  (30). 

MoS2, 

Molybdenite  (32) 

0.330 

2  22 

1.00 

.350 

2.64 

0.98 

.370 

3.21 

.96 

.  390 

3.85 

.89 

.410 

4.00 

.81 

.430 

4.50 

.66 

.  450 

4.68 

.58 

.470 

5.00 

.47 

.500 

5 . 67 

.34 

Na  (ii,  35 

0.435 

0.058 

31.7 

.472 

.057 

33.3 

.546 

.052 

42.6 

.546 

.047* 

47.3* 

.589 

.044 

55.0 

.665 

.051 

55.0 

*  (3S). 

Nb;  see  Cb 

Ni  (9,  50,  53) 

0 . 420 

1.42 

1.79 

.460 

1.46 

1.89 

.500 

1.54 

1.93 

.540 

1.63 

1.97 

.580 

1.73 

1.98 

.588 

1.58* 

2.06* 

.589 

1 . 79  f 

1 . 86 1 

.620 

1.82 

1.99 

.660 

1.95 

1.98 

.700 

2.03 

1.97 

*(50).  t(9). 

Pb  (9,  2  7);  c/. 

0) 

0.436 

1.63  l* 

2.28  l* 

.546 

2.42  l* 

1.84  l* 

.579 

2.56  l* 

1.77  l* 

.589 

2.01 

1.73 

.630 

1.97 

1.74 

*  (27);  l  =  liquid  Pb. 

Pd  (57) 

0 . 578 

1.62 

2.10 

pt  (9,  39,  62) 

0.439 

1.63 

2 . 08 

.466 

1.71 

2.11 

.477 

1.72 

2.14 

.488 

1.76 

2.11 

.  503 

1.79 

2.15 

.517 

1.85 

2.12 

.589 

2.07 

2.12 

.589 

2.06* 

2.06* 

.589 

2.03f 

1 . 96  f 

.630 

2.16* 

2.06* 

.633 

2.22 

2.10 

.665 

2.34 

2.08 

.704 

2.43 

2.11 

*<9).  t(39). 

0 . 455 
.489 
.540 
.589 
.641 

Rb  (36) 

n 

0 . 137 
.134 
.  140 
.131 
140 

k 

5.28 
6.49 
7.97 

9.28 
10.51 

Rh  (57) 

0.578 

1.54 

3.00 

.660 

1.81 

2.94 

Sb  (9) 

0 . 589 

3.04 

1.63 

.630 

3.17 

1.56 

Se  (2i,  31) 

0.257 

1.73 

0.725 

.275 

1.82 

.736 

.298 

2.46 

.  635 

.326 

2.75 

.546 

.361 

2.65 

.518 

.398 

2.88 

.426 

.441 

2.93 

.359 

.468 

2.94 

.320 

.508 

2.92 

.281 

.589 

2.85 

.221 

.589 

3.2* 

.668 

2.79 

.  161 

Crystal  axisf  _L  (33,  49>  58) 

0.30 

2.2 

0.7 

.35 

2.6 

.6 

.40 

2.9 

.6 

.45 

3.1 

.5 

.50 

3.2 

.4 

.55 

3.3 

.3 

.60 

3.4 

.3 

.65 

3.4 

.3 

.70 

3.5 

.3 

Crystal  axisf  ||  (33>  49>  58) 

0.30 

3.4 

0.7 

.35 

3.6 

.6 

.40 

4.0 

.6 

.45 

4.2 

.5 

.50 

4.3 

.4 

.55 

4.3 

.3 

.60 

4.4 

.3 

.65 

4.5 

.3 

.70 

4.5 

.3 

*  (21).  t  Principal  axis  _L  [||]  to 

plane  of  im 

idence. 

Si  (26,  30,  57) 

0 . 578 

3.87 

0.12 

0.589 

4.24* 

.114* 

1 . 00  to 

4 . 07  f 

.  095  f 

2.25 

★  (30)  -J-  (26). 

0 


Sn  (9.  12,  27);  c/.  (l) 


257 

1.12 

2.98 

275 

1.12 

2  95 

298 

1.04 

2.66 

325 

0.98 

2.45 

347 

1.01 

2.20 

361 

0.91 

2.13 

398 

0.68 

2.82 

425 

0.70 

3.55 

Sn. — (C  oniinued) 

V  (57; 

X 

n 

k 

X 

71 

k 

0 . 436 

1 . 181* 

3.44  1* 

0.578 

3.03 

1.16 

.447 

0.72 

4.03 

.468 

0 . 70 

4.44 

W  (57) 

.480 

0.71 

4.68 

0.578 

2.76 

0.98 

.502 

0.78 

4.58 

Zn  (9,  31) 

.  533 

0.89 

4.41 

0.257 

0.55 

1.10 

.546 

1.73  l* 

3.08  l* 

.275 

0.46 

2 . 56 

.579 

1.77  l* 

3.09  l* 

.298 

0.47 

3.41 

.588 

1.12 

4.03 

.326 

0.60 

3.72 

.589 

1 . 48f 

3 . 55f 

.361 

0.72 

3.63 

.620 

1.25 

3.83 

.398 

0.85 

3.45 

.630 

1 . 66  f 

3 . 30f 

.441 

0.93 

3.40 

.668 

1.42 

3.53 

.468 

1.05 

3.32 

*  Liquid  (27);  <-/.  (I). 

t  (9). 

508 

1  41 

9  Q9 

Ta  (57) 

.589 

1.93 

2.41 

0.578 

2.05 

1.13 

.589 

2.12(9) 

2.60(9 

Te  (33) 

.630 

2.36 

2.34 

Crystal  axis 

II 

.668 

2.62 

1.94 

0.300 

1.5 

0. 1 

Crystal  axisf  X  (20) 

.350 

2.0 

2 

0.455 

1.00 

3.55 

.400 

2.4 

.2 

.486 

1.35 

3.14 

.450 

2.5 

.3 

.520 

1.47 

2.94 

.500 

2.6 

.4 

.560 

1.92 

2.60 

.550 

2.7 

.5 

.589 

2.58 

2.29 

.600 

2.5 

.6 

.630 

2.47 

2.47 

.650 

2.0 

.5 

.650 

2.47 

2.15 

Crystal  axisf 

X 

Crystal  axisf  ||  (20) 

0.300 

1.9 

0.3 

0.455 

0.78 

4.58 

.400 

2.4 

.3 

.486 

1.09 

3.80 

.450 

2.9 

.4 

.520 

1.32 

3.49 

.500 

3.0 

.5 

.560 

1.61 

3.08 

.550 

3.1 

.6 

.589 

2.02 

2.86 

.600 

2.9 

.6 

.630 

2.27 

2  79 

.650 

2.4 

.6 

.650 

2.07 

2.60 

f  Principal  axis  _L  [||]  to  plane  of  incidence. 


Table  2. — Refraction  and  Absorption  of  Allots 

Grouped  according  to  number  of  components;  in  each  group  the 
arrangement  is  alphabetical  by  chemical  symbols.  At.  %,  V  %, 
Wt.  %  =  atomic  %,  volume  %,  weight  %',  C  —  composition. 
Jx  =  J0e~iwnkz/Xo-,  x  and  Xo  expressed  in  same  unit.  Unit  of  X  = 
In  =  104A  =  10-4  cm. 


Ag-Cu  (39) 

Ag-Cu. — ( Continued ) 

X  =  0.589,  C  =  Wt.  %  Cu 

X 

n 

k 

C 

n 

k 

0.361 

0.63 

1.82 

0 

0.20 

17.1 

.398 

.59 

2.20 

3 

.25 

11.4 

.441 

.60 

3 . 26 

6 

.52 

6.5 

.468 

.58 

3.83 

10 

.49 

7.5 

.508 

.58 

3.61 

30 

.36 

6.6 

.589 

.37 

6.68 

50 

.31 

7.6 

.668 

.32 

it  38 

72 

.24 

13.8 

80 

.42 

7.1 

Ag-Pt  (39) 

CO 

.51 

5 . 7 

II 

On 

oc 

II 

c»- 

95 

.64 

5.0 

C 

n 

k 

100 

.62 

4.1 

0 

0.20 

17  1 

Ag-Cu  (37) 

15 

0.71 

5.92 

c  = 

=  50  Wt.  %  Cu 

30 

1.15 

3.69 

X 

n 

k 

40 

1.13 

2.74 

0.257 

0.86 

0.94 

45 

1.26 

2.42 

.275 

.89 

0.88 

50 

1 . 57 

2.15 

.298 

.85 

1.05 

90 

2.12 

1.85 

.326 

.72 

1.40 

1(H) 

2 . 03 

1 .96 
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Ag-Sn  (2) 

X  0.578,  C  =  Wt.  %  Sn 


(• 

\ 

n 

1  .05 

k 

3.79 

Ag-Tl  (2) 

X  =  0.578,  C  =  Wt.  %  T1 

2.73 

0.332 

12.16 

4.76 

0 . 423 

10.14 

Al-Cu  (30) 
X  =  0.589,  C  =  \ 

%  A1 

0 

0.64 

4.08 

19 

0.80 

3.70 

36.4 

1 . 32 

2  56 

51.4 

1.97 

1.62 

57.8 

2.24 

1.58 

76 

1.68 

2  35 

100 

1.44 

3.64 

Bi-Hg,  Liquid  (27) 

X  =  0.436,  C  =  At.  %  Hg 


o 

1.80 

1  .79 

40 

1.59 

2.07 

100 

1.01* 

X  =  0.546 

3.39* 

0 

2.35 

1 .63 

40 

2.24 

1.78 

100 

1  1  s 

X  =  0.579 

2.81* 

0 

2.48 

1.60 

40 

2.38 

1.68 

100 
*  (3I). 

1.62 

2.80* 

Bi-Pb,  Liquid  (27) 


X  =  0.436,  C  =  At.  %  Pb 


0 

1.80 

1.79 

6 

1.85 

1.70 

18 

1 .82 

1.77 

26.4 

1.73 

1  90 

48 

1.74 

1.95 

61 

1  74 

1.98 

75 

1.78 

1.99 

86 

1.63 

2.28 

100 

1.63 

X  =  0.546 

2.28 

0 

2.35 

1.63 

6 

2 . 35 

1.64 

19 

2.44 

1.68 

26.4 

2.44 

1.68 

48 

2.24 

1.77 

61 

2.34 

1.79 

75 

2.32 

1.84 

86 

2.42 

1.84 

100 

2.42 

X  =  0.579 

1.84 

0 

2.48 

1 .60 

6 

2.52 

1.59 

19 

2.48 

1.63 

26.4 

2.56 

1 .64 

48 

2.56 

1.64 

60 

2.55 

1.67 

75 

2.62 

1.67 

86 

2.56 

1.77 

100 

2  56 

1.77 

C-Fe,  Steel;  net  Fe 

Table  1 

Cd-Hg  (2) 

X  =  0.578,  C  =  Wt.  %  Hg 


c 

« 

k 

5.14 

1.69 

2.75 

10 

0.79 

6.08 

Cd- 

?b,  Liquid  (27) 

II 

(■s 

II 

0 

0.39 

9.13 

12 

0.55 

6.53 

22 

0.81 

4.61 

33.5 

1.02 

3.74 

64 

1.27 

2.88 

79.5 

1.52 

2.37 

100 

1 . 63 

2.28 

X  =  0.546 

0 

0.76 

6.41 

12 

1.14 

4.20 

22 

1.14 

4.20 

33 . 5 

1.58 

3.07 

64 

1.92 

2.32 

79.5 

2 . 05 

2.16 

100 

2.42 

1.84 

X  =  0.579 

0 

0.82 

6.27 

12 

1.43 

3.51 

22 

1.43 

3.51 

33.5 

1.69 

2.98 

64 

1.99 

2.40 

79.5 

2  21 

2.05 

100 

2.56 

1.77 

Cu-Fe  (30) 

X  =  0.589,  C  =  \ 

r  %  Fe 

0 

0.64 

4.08 

27.6 

1.77 

1.53 

53.4 

2.24 

1.32 

77.6 

2.62 

1 . 30 

100 

2.41 

1.41 

Cu-Ni  (30);  cf. 

(2,  9) 

X  =  0.589,  C  =  '\ 

1  %  Ni 

0 

0.64 

4.08 

25 

1.61 

2.15 

40 

2.09 

1.47 

50 

2.33 

1.55 

60 

2.12 

1 . 55 

75 

2.01 

1.57 

100 

1.79 

1.85 

Cu-Sn,  C  =  Wt 

%  Sn 

X 

=  0  578  (2) 

5 

0 . 63 

6 . 66 

X 

=  0.55  (56) 

32 

1 . 19 

2.4 

X 

=  0.60  (56) 

32 

1.22 

2.7 

Cu-Zn  (2) 

X  =  0.578,  C  =  Wt.  %  Zn 

3.11 

0.50 

8.39 

5.0 

0.45 

9  57 

Fe-Mn  (30) 


X  =  0.589,  C  =  V  %  Mn 


0 

2  36 

1 . 36 

50 

2.42 

1.53 

75 

2.43 

1.55 

100 

2.41 

1  61 

Fe-Ni  (30) 

X  =  0.589,  C  =  V  r'0  Xi 


c 

71 

k 

0 

2.41 

1.41 

1.7 

2.44 

1.41 

6  2 

2.38 

1.40 

20.0 

2.31 

1.47 

22.8 

2.30 

1.48 

25.8 

2.25 

1.52 

33 

2.23 

1.50 

44.2 

2.16 

1.63 

73 

2.01 

1.74 

100 

1.79 

1.86 

K-Na  (35) 


X  =  0.546.  C  =  Wt.  %  Na 


0 

0 

0 

060 

21.5 

15 

7 

0 

088 

17.6 

25 

8 

0 

124 

12.8 

34 

0 

0 

137 

12.5 

45 

0 

0 

115 

15.6 

55 

0 

0 

108 

16.8 

63 

8 

0 

100 

18.5 

82 

7 

0 

081 

27  2 

100 

0 

0 

047 

47.3 

Ni- 

Si  (30) 

X 

=  0.589, 

c  =  V  %  Si 

0 

1 

.79 

1.85 

16 

3 

2 

04 

1.56 

29 

1 

2 

35 

1.32 

39 

3 

2 

61 

1.12 

47 

4 

2 

.87 

0.99 

100 

4 

.24 

0.114 

Pb-Sn,  Liquid  (27) 


X  =  0.436,  C  =  At.  %  Sn 

0 

1.63 

2.28 

14.5 

1.46 

2.61 

62.5 

1.24 

3.09 

93 

1.25 

3.18 

100 

1.18 

3.44 

Pb-Sn.  (Coni 


c 

71 

k 

X  =  0.546 

0 

2  42 

1.84 

14.5 

2.00 

2 . 30 

62.5 

1.9! 

2 . 52 

93 

1.70 

3  05 

100 

1.73 

3 . 08 

X  =  0.579 

0 

2 . 56 

1 .77 

14.5 

2.24 

2.14 

62 . 5 

2.03 

2 . 50 

93 

1 . 89 

2.81 

100 

1.77 

3.09 

Pt-Rh  (52 

X  =  0.5 

78,  C  =  Wt.  %  Rh 

10.0 

1.79 

2 . 35 

X  =  0.660 

10.0 

2.08 

2  22 

Wood’s 

metal  (9>  31 );  cf.  (*  p 

C  =  Wt. 

%  50Bi 

+  25  Pb  4- 

12.5Sn  + 

12.5Cd. 

X 

71 

k 

0.257 

0.58 

2.68 

.275 

0.68 

2.73 

.298 

0 . 76 

2.86 

.326 

0.85 

2.81 

.361 

0.96 

2.80 

.398 

1 . 14 

2.69 

.441 

1.22 

2  67 

.468 

1 .28 

2 . 46 

.508 

1.53 

2.36 

.589 

1.80 

2.24 

.589 

2.03* 

2.29* 

.589 

2.10  J* 

2. 15  f* 

.668 

2.04 

2.10 

*  (9) :  l  = 

liquid. 

Table  3. — Refraction  and  Absorption  by  Opaque  Films  of 

Pure  Metals 

Cath,  Chem,  Elec  =  film  deposited  by  cathode  sputtering, 
by  chemical  reaction,  by  electrolysis.  Jx  -  J0e~*rnkx  x  and  X5 

9 

expressed  in  same  unit.  Unit  of  X  =  1m  =  10*A  =  10-4  cm. 


Ag,  Cath 

ro 

00 

16,  17,  43) 

X 

n 

k 

0.546 

0.168 

19.6 

0 . 578 

0. 172 

19.3 

Chem  C  3,  51 

0.460 

0.270* 

12.0* 

0.500 

0.273* 

13.0* 

0.640 

0.279* 

14.0* 

0.580 

0.284* 

14.8* 

0.620 

0.291* 

15.5* 

0.650 

0.19 

18.1 

0.660 

0.299* 

16.3 

0.700 

0.308* 

16.9* 

o  750 

0. 16 

28.6 

0.940 

0.15 

36.2 

1  15 

o  28 

31.2 

1  47 

0.36 

23.9 

2.10 

1  00 

14.3 

2.89 

1.39 

13.7 

Ag,  Chem.  -(Conti  nm  </) 


X 

71 

k 

3.38 

2.06 

11.1 

4.04 

2.98 

9.5 

4.37 

4.34 

7.4 

Chem  (51),  on  glass, 

light  inc 

dent  through  tin 

-  glass 

0.460 

0.339 

6.90 

.500 

.343 

7  72 

.  540 

.348 

N  51 

.580 

.356 

9.26 

.620 

.  365 

9.93 

660 

.  375 

10.46 

.700  | 
•(**). 

386 

10  96 

Au,  Cath  (28) 


0 

546 

0. 

45 

5  36 

0 

578 

0 

30 

8.93 
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Au. — ( Continued ) 


X 

u 

k 

Elec  (13,  31, 

51) 

0.257 

0.92* 

1.24 

0 . 275 

1.06* 

1.20 

0 . 298 

1  10* 

1 . 25 

0  326 

1  26* 

1.29 

0.361 

1.30* 

1 . 35 

0 . 398 

1.29* 

1.41 

0.441 

1  .  18* 

1.57 

0  460 

1 . 66 

1  . 10 

0 . 468 

1  .  10* 

1 . 66 

0 . 480 

1.53 

1 . 22 

0 . 500 

1 . 33 

1.51 

0.520 

1  . 10 

1.98 

0.540 

0.94 

2.72 

0 . 560 

0.81 

3.50 

0 . 580 

0.73 

4.14 

0 . 600 

0.67 

4 . 86 

0 . 620 

0.65 

5 . 29 

0.640 

0.63 

5.69 

0.660 

0.64 

5.86 

0.670 

0.28* 

18. Of 

0.680 

0.62 

6.26 

0 . 870 

0. 21  f 

26. Of 

1.07 

0.25f 

28. 6t 

1.41 

0 . 36  f 

26. Of 

1.69 

0 . 40* 

28. 6f 

2.11 

0.50f 

28.6* 

2.87 

0.73* 

22. Of 

3.14 

0.80f 

23. 6* 

3.50 

0 . 96* 

23. 6f 

4.13 

1.60* 

18. Of 

4.83 

1 . 83  f 

18. 0| 

*(31).  t(13). 

Cu,  Cath 

13,  28, 

43, 

46) 

0 

.546 

0 

.901* 

2 

.70* 

0 

.546 

0 

.  925f 

2 

.09* 

0 

.546 

0 

.  97  J 

2 

.76* 

0 

.578 

0 

.515* 

4 

.91* 

0 

.578 

0 

.  501  f 

3 

.98* 

0 

.810 

0 

.43 

9 

.8 

1 

.03 

0 

.43 

13 

0 

1 

27 

0 

.37 

19 

1 

1 

53 

0 

53 

15 

1 

1 

77 

0 

73 

13 

0 

2 

28 

0 

68 

16 

8 

3 

05 

0 

90 

15 

9 

3 

25 

1 

08 

15 

1 

3 

59 

1 

39 

13 

6 

4 

20 

1 

92 

11 

9 

Elec 

(13,  5; 

) 

0 

460 

1 

57 

1 

44 

0 

480 

1 

53 

1 

50 

0 

500 

1 

50 

1 

58 

0 

520 

1 

43 

1 

68 

0 

540 

1 

38 

1 

79 

0 

560 

1 

27 

2 

02 

0 

580 

1 

07 

2 

66 

0 

600 

0 

98 

3 

25 

0 

640 

0 

96 

3 

68 

0 

660 

1 

00 

3 

72 

0 

700 

1 

03 

3 

69 

0 

740 

1 

25  § 

3. 

6§ 

0 

900 

1. 

93  § 

2 

6§ 

Cu, 

Elec. — ( Continued ) 

X 

n 

A- 

1  . 10 

3 . 09  § 

2.0§ 

1  .32 

4.32§ 

1.5§ 

3.11 

4 . 74§ 

1  -  7  § 

3.60 

7 . 1 2  § 

1.3§ 

4.61 

7 . 61  § 

1  •  3  § 

*  (28). 

t(46).  to13). 

§  (13). 

Fe,  Cath  (31) 


0 

.257 

1 

.01 

0 

.874 

.275 

0 

.95 

0 

.841 

.298 

0 

.92 

0 

.903 

.  326 

0 

.99 

0 

.923 

.361 

1 

.04 

1 

.05 

.398 

1 

.  17 

1 

.11 

.441 

1 

.28 

1 

.07 

.468 

l 

.34 

1 

.08 

.508 

1 

.38 

1 

.08 

.589 

1 

.51 

1 

.08 

.668 

1 

70 

1 

.08 

Ir,  Cath 

(13)j  cf.  (43) 

0 

.860 

3 

.28 

1 

.63 

1 

.  16 

4 

.26 

1 

.61 

1 

.57 

5 

.16 

1 

.54 

2 

.77 

6 

.55 

1 

.43 

3 

.36 

8 

.80 

1 

.28 

4 

.60 

12 

.28 

1 

.19 

Ni 

Cath  (3  8 , 

31) 

0 

.257 

1 

.09 

1 

.10 

.275 

1 

09 

l 

.06 

.298 

1 

09 

1 

04 

.326 

1 

08 

1 

00 

.361 

1 

08 

1 

01 

398 

1 

09 

1 

08 

441 

1 

16 

1 

06 

.468 

1 

17 

1 

17 

508 

1 

19 

1 

29 

546 

1 

81* 

l 

57* 

578 

1 

84* 

1 

61* 

589 

1 

30 

1 

52 

668 

1 

35 

1 

61 

Elec  (31) 

0 

257 

0 

87 

1 

42 

275 

1 

12 

1 

46 

298 

1 

31 

1 

39 

326 

1 

32 

1 

41 

361 

1 

28 

1 

47 

398 

1 

37 

1 

70 

441 

1 

46 

1 

85 

468 

1 

44 

2 

00 

508 

1 

50 

2 

06 

589 

1 

58 

2 

16 

668 

1 

74 

2. 

18 

*  (28). 

Pt, 

Cath 

(13, 

28);  cj 

.  (29,  44) 

0 

546 

1. 

83* 

2 

09* 

0. 

578 

1  . 

92* 

2. 

10* 

1. 

00 

3. 

42 

i. 

83 

1. 

52 

4. 

71 

i. 

76 

1. 

97 

5. 

92 

i. 

65 

3. 

29 

7. 

50 

i. 

62 

3. 

41 

8. 

82 

i. 

56 

4. 

65 

10. 

9 

i. 

41 

Pt 

— ( Continued ) 

Pt,  Elec. — {Continued) 

X 

n 

A- 

X 

n 

A- 

Elec  (31) 

0.468 

2.09 

1.57 

0.257 

1 . 17 

1.41 

.508 

2.29 

1.48 

.275 

1.29 

1.51 

.589 

2.63 

1.35 

.298 

1.28 

1.67 

.668 

2.91 

1.26 

.326 

1 . 28 

1.72 

*  (28) 

.361 

1.38 

1.77 

W,  Cath  (3  0);  cj 

r-  (42) 

.398 

1.74 

1.71 

0.579 

2.8 

.441 

1.94 

1.63 

0.589 

3.5 

Table  4.  -Refraction  and  Absorption  of  Transparent 
Films  of  Pure  Metals 

Films  are  deposited  by  cathode  sputtering,  r  =  thickness; 
Jx  =  •/ ae~i!r"l:X/ Xo;  x  and  X0  expressed  in  same  units.  Unit  of 
t  =  lm^  =  10~V  =  10-7  cm;  of  X  =  l/i  =  10lA  =  10~4  cm. 


Ag  (16),  x  =  0.436 

CU  (16);  c/.  (3 

,  43) 

T 

n 

A- 

T 

n 

k 

0.9 

2.27 

0.58 

X  =  0.436 

2.4 

1.56 

0.68 

0.8 

3.23 

0.15 

2.8 

1.34 

1.38 

13.7 

1.93 

0.47 

28 . 6 

0.58 

3.71 

20.2 

1.80 

1.10 

53.2 

0.71 

2.92 

X  =  0.546 

X  =  0.546 

0.8 

1.96 

0.41 

0.6 

4.50 

0.067 

13.7 

1.50 

1 . 50 

0.9 

4.25 

0.45 

20.2 

1.45 

1.64 

2.4 

3.23 

0.45 

37.2 

1.26 

1.91 

2.8 

2.53 

0.78 

40.1 

1.23 

1.95 

5.5 

2.07 

0.83 

44.8 

1.13 

1.95 

28.6 

1.22 

2.25 

X  =  0  622 

53.2 

0.81 

3.23 

0.8 

0.60 

1.43 

96.2 

0.21 

14.9 

13.7 

0.92 

1.62 

X  =  0.579 

53.2 

0.90 

1  3.19 

Pd 

(.44)  x  =  0.600 

X  =  0.622 

0.2 

3.10 

0.58 

0.9 

4.83 

0.46 

0.4 

3.40 

0.20 

2.8 

2.90 

0.68 

1.7 

2.94 

0.57 

Au  (44),  x  =  0.500 

3.1 

2.84 

0.65 

1.0 

1.96 

0.46 

5.1 

2.60 

0.82 

1.5 

1.59 

0.85 

6.4 

2 . 46 

0  89 

3.4 

1.34 

1.22 

9.6 

2.20 

1.05 

9.2 

1.12 

1.62 

22.0 

2.10 

1.24 

23.1 

1.02 

1.80 

33.1 

2.01 

1.41 

32.2 

1.06 

1.69 

39.7 

1 . 65 

1.60 

50.3 

1.06 

1.64 

56.3 

1.70 

1.76 

72.6 

1 .09 

1.58 

71.1 

1.86 

1.56 

113.2 

0.85 

1.94 

89.7 

1.72 

1.66 

X  =  0.600 

111.5 

1.95 

1.39 

1.0 

2.09 

0.40 

t  =  232m^ 

1.5 

2.25 

0.89 

X 

n 

k 

3.4 

1.63 

1.64 

0.500 

1.74 

1.24 

9.2 

0.77 

3.74 

0.550 

1.76 

1.36 

23.1 

0.66 

4.39 

0.600 

1.92 

1.31 

32.2 

0.73 

3.75 

0 . 650 

1.94 

1.41 

50.3 

0.77 

3.48 

0.700 

2.05 

1.40 

72.6 

0.77 

3.43 

113.2 

0.35 

7.12 

Pt  (44),  X  =  0.600 

X  =  0.700 

T 

11 

k 

1.5  1 

3.31 

0.55 

1.4 

3.45 

0.29 

3.4 

2.14 

1.42 

2.6 

3.17 

0.74 

9.2 

1.13 

3.10 

4.9 

2. 65 

1 .09 

23.1 

0.58 

5.79 

7.0 

2.25 

1.30 

32.2 

0.63 

4.92 

11.7 

2.16 

1.39 

50.3 

0.63 

4.62 

16.8 

2.10 

1.44 

113.2 

0.20 

12.8 

26.0 

2.04 

1.47 

METALLIC  REFLECTIVITY 


Table  5. — Reflectivity  of  Pure  Metals  and  Steel:  Normal 
Incidence  on  Massive  Metal 


R"  100  =  Jr/Ji.  For  qualitative  comparison  with  speculum 
metal  for  X  =  0.103  to  0.160m,  nee  Gardner  (,8)  for  Ag,  Al,  Au,  Cu, 
Steel,  Pt,  and  Si,  and  Hulburt  (25)  for  Ni.  Unit  of  X  =  1m  = 
10* A  =  10“ 4  cm. 


Ag  (7 

,  22) 

Au,  Polarized  light  t 

X 

Ro 

( Continued ) 

0  45 

88.0* 

6 

R\\ 

0.50 

90.0* 

40 

86 . 2 

0 . 55 

91  .5* 

60 

81.5 

0  60 

92.7* 

70 

80.4 

0  65 

93.5* 

80 

82.8 

0.70 

94.1* 

85 

90. 1 

0.80 

95.1* 

e  = 

60° 

0  00 

96.0* 

x 

R± 

1.00 

96.4 

0.500 

68.3 

1.50 

97.3 

0 . 540 

83.2 

2.00 

97.3 

0 . 580 

90.8 

3.00 

97.3 

0.660 

94.3 

4.00 

97.7 

X 

Ri 

5.00 

97.3 

0 . 500 

33.2 

7.00 

98.5 

0.540 

59.5 

9.00 

98.9 

0.580 

74.3 

11.00 

99.0 

0.660 

84.8 

14.0 

98.8 

*  From  black-body  at 

*  (7). 

temperature  t,  °C. 

t«i 

=  R  when 

electric  vector  is  X  [|||  to 

Al  (5); 

Cf.  (») 

plane  of  incidence;  d  — 

1.06 

73.8 

angle  of  incidence. 

1.71 

80.8 

Bi  (22); 

Cf.  (9) 

3.06 

88.3 

X 

Ro 

3.96 

91.4 

3.00 

71.7 

5.24 

93.8 

4 . 00 

75.2 

6 .75 

95.2 

5.00 

77.2 

8.02 

96.9 

7.00 

79.5 

9.38 

97.4 

9.00 

81.4 

10.49 

96.9 

11.00 

83.2 

12.03 

97.3 

14.00 

81.6 

C,  Graphite  i6,  25)  j 

cf.  G  9>  57,  62) 

Au,  Full 

0.20 

18* 

radiation*  (4) 

0.25 

19* 

t* 

It 

0.30 

19* 

500 

97.7 

0.35 

19* 

1000 

97.6 

0.40 

21 

1500 

97.5 

0.50 

22.5 

2000 

96 . 8 

0 . 60 

23.5 

2.500 

95.7 

0.70 

24.0 

3000 

93.7 

0.80 

25 . 0 

3500 

91.0 

1 .00 

26.8 

4000 

87 . 6 

1.20 

28.3 

Polarized  light  t 

1.40 

30.0 

(61) 

1 . 60 

32.0 

X  =  0.620 

2.00 

35.2 

0 

R  x 

2.50 

39.5 

0 

88.0 

3.00 

43.0 

20 

88.4 

3.50 

46.0 

40 

91  2 

4.00 

47.5 

60 

94.2 

5.00 

50.5 

70 

97.2 

6()0 

52.0 

80 

98.7 

7.00 

53.5 

85 

97  8 

8.00 

55.5 

e 

R 

9.00 

57.5 

0 

88.3 

10.00 

59.0 

20 

87.7 

•  <>»). 

Cd  (5) 


X 

Ro 

1.06 

70.8 

1  71 

85.0 

3.06 

93.0 

5  24 

95  9 

6 .75 

97  0 

9.38 

98.4 

12  03 

98.2 

Co  (5 

.  25) 

0 

.  188 

33 

♦ 

0 

.200 

37 

* 

0 

.251 

44 

* 

0 

.305 

51 

* 

0 

.357 

54 

* 

1 

.06 

67 

.5 

1 

.71 

71 

.5 

3 

.06 

76 

.  7 

3 

.96 

80 

.  7 

5 

.24 

86 

2 

6 

.75 

92 

.7 

8. 

.02 

94 

.8 

9. 

38 

96 

.4 

10. 

49 

96 

.8 

12. 

03 

96 

.6 

*  (2S). 

Cr  (6 

25) 

0. 188 

33* 

0.200 

36* 

0.251 

32* 

0.305 

37* 

0.357 

41* 

0.50 

55 

0.70 

56 

1.00 

57 

1.40 

59 

1.60 

61 

2.00 

63 

2.50 

66 

3.00 

70 

4.00 

76 

5.00 

81 

6.00 

85 

8.00 

89 

9.00 

92 

10.00 

93 

*  (*»>. 

Cs,  Cs-glass 

mirror 

(37) 

0.455 

37.2 

0.489 

45.7 

0.540 

54.1 

0.589 

58 . 6 

0.641 

62.9 

0 . 680 

63.2 

Cu  I22);  cf. 

(9,  39, 

48,  SO 

X 

I  Ro 

0.251 

25  9 

0.288 

24.3 

0 . 305 

25.3 

0 . 326 

24 . 9 

0.357 

27.3 

0 . 385 

28.6 

0  420 

32.7 

0 . 450 

37.0 

0 . 500 

43.7 

0.550 

47.7 

0 .  (K)0 

71.8 

0 . 650 

80.0 

0.700 

83.4 

0.800 

88.6 

1.00 

90.1 

1.50 

93.8 

2.00 

95 . 5 

3.00 

97.1 

4.00 

97.3 

5.00 

97.9 

7.00 

98.3 

9 .  (XI 

98.4 

11.00 

98.4 

14.00 

97.9 

Fe  (5) 

0.50 

55 . 0 

0.60 

57.5 

0.70 

59.5 

0.80 

61.5 

1.00 

65.0 

1.40 

71.5 

2 .  (K) 

78.0 

3.00 

84.5 

4.00 

89.5 

5.00 

91.5 

6.00 

93.0 

7.00 

94.0 

8.00 

94.0 

9.00 

93.8 

Steel  22, 

25,  51  , 

99  Fe  +  1  C 

0.188 

22* 

0.200 

27* 

0.251 

38* 

0.305 

44* 

0.357 

50* 

o  460 

55.5 

0.500 

56.0 

0  540 

56.0 

0.580 

57.3 

0.620 

57.3 

0 . 660 

58.0 

o  700 

58.0 

1.00 

63 1 

2  00 

77 1 

3.00 

83 1 

4.00 

88f 

9.00 

93 1 

14.00 

96 1 

Steel.  —  (t  'until) 
X  R„ 

Polarized  light  + 
(61, 


x  =  0.5X0 


e 

1 

0 

55  5 

10 

55  5 

20 

57.3 

30 

59.9 

40 

63 . 4 

50 

68 . 5 

60 

74.6 

70 

81  1 

75 

86 . 9 

80 

89.5 

82.5 

93 . 0 

0 

li\\ 

0 

55 . 8 

10 

54.7 

20 

54.1 

30 

50.9 

40 

47.0 

50 

40.8 

60 

34.0 

70 

26.2 

75 

24.0 

80 

27.0 

82.5 

33.8 

8  = 

60° 

X 

R± 

0.500 

73 . 6 

0 . 540 

74.4 

0 . 620 

75.4 

0.660 

75 . 5 

X 

*1 

0 . 500 

34.1 

0.540 

33.7 

0 . 620 

34.3 

0.660 

35.6 

*  (25) 

t  <“). 

t«xl««l 

■  R  when 

electric  vector  is  _L  [  } 

to  plane  of 

incidence; 

0  =  angle  of  incidence. 

Hg,  Glass 

hacked 

with  Hg  (22) 

X 

Ro 

0.450 

72.8 

0.500 

70.9 

0.550 

71.2 

0.600 

69.9 

0.650 

71.5 

0.700 

72.8 

It  (5) 

1.06 

79.4 

3.06 

91.4 

5.24 

94.2 

6.75 

94.7 

9.38 

95  6 

12.03 

96  1 

•J53 


K  ( 

1  5 

X 

Ro 

0 . 254 

10  6 

0  265 

17.6 

0 . 280 

25.2 

0.313 

33  2 

0.334 

58.0 

0  365 

74  0 

0  405 

79  0 

0  436 

88 . 0 

0.546 

92  5 

Mg  (6,  25) 

0.188 

13* 

0 . 200 

21* 

0.251 

32* 

0  305 

37* 

0 . 357 

45* 

0.50 

72 

0.60 

73 

1.00 

74.0 

1.40 

75 . 0 

2.00 

77.0 

2 . 50 

79.0 

3.00 

80.5 

4.00 

83.5 

5.00 

86.0 

6.00 

88.0 

7 . 00 

91.0 

8.00 

93.0 

9 . 00 

93.0 

*  (»•). 

Mo  (6 

,  25) 

0.188 

27* 

0.200 

32* 

0.251 

24* 

0.305 

43* 

0.357  , 

41* 

0.40 

44.0 

0.46 

44.6 

0.50 

45.5 

0.60 

47.6 

0.70 

49.8 

0.80 

52.3 

1 .00 

58.2 

1.20 

63.6 

1.40 

69.0 

1.60 

74.2 

2.00 

81 . 6 

2.50 

85.5 

3.00 

87.6 

3.50 

89.2 

4.00 

90.5 

5.00 

92.0 

6.00 

93.0 

8.00 

93.7 

10.00 

94.5 

12  00 

95.2 

•(*• 

Na  (»*) 

0.254  1 

78.0 

0  265 

81.0 

0  280 

80.0 

0  313 

78  0 

0  334 

78  0 

] NTER NATIONAL  CRITICAL  TABLES 


254 


Na. — (Continued) 

Sn. — ( Continued ) 

V. — ( Continued ) 

X 

Ro 

X 

R  o 

X 

R« 

0.365 

78 . 5 

3 . 96 

71  .7 

6.00 

85 

0.405 

80 . 5 

5.24 

76.7 

8.00 

89.8 

0.436 

87.5 

6 . 75 

80.3 

9.00 

92 

0.540  96.0  8.02  83.2 


9 . 38 

87.0 

10.49 

87.0 

Pd  (5 

-  25) 

12.03 

86  9 

1  .06 

74.8 

1.71 

79.3 

W  (6,  25,  59) 

3.06 

87 . 5 

0.188 

14* 

3 . 96 

88.1 

0 . 200 

16* 

5.24 

90.4 

Ta  ('5 

25) 

0.251 

16* 

6 . 75 

93.3 

0.188 

13* 

0 . 305 

25* 

8.02 

94.7 

0 . 200 

13* 

0 . 357 

28* 

9.38 

95.3 

0.251 

15* 

0.40 

47.0 

10.49 

96.6 

0.305 

29* 

0.46 

48.2 

12.03 

96.5 

0.357 

25* 

0.50 

49.3 

0.50 

38 

0.60 

51.3 

0 . 60 

45.0 

0.67 

51 1 

Pt  (22>  25 

);  <•/.  (6) 

0 . 80 

64.5 

0.80 

56 . 3 

0.188 

35* 

1  .00 

78 . 5 

0.80 

55f 

0.200 

38* 

1.20 

84 . 0 

1.00 

62.3 

0.251 

42* 

1.60 

88.0 

1.20 

68.2 

0 . 305 

49* 

2.00 

90 . 5 

1.27 

70  f 

0.357 

51* 

2.50 

91.6 

1.40 

73.8 

9.00 

95.4 

3 . 00 

92.3 

1.60 

78.0 

11.00 

95 . 6 

4 . 00 

93.0 

1.90 

83  f 

14.00 

96.4 

5.00 

93  0 

2.00 

84.6 

*  (2S). 

7.00 

93.5 

2.50 

89.2 

8.00 

93.8 

2.90 

92  f 

Rh 

6) 

12.00 

95.0 

3.00 

90.5 

0.500 

76.0 

*  (2S). 

3.50 

92.0 

0.800 

81 .0 

4.00 

92.8 

1.00 

84.0 

5.00 

94.0 

1.40 

88.3 

6.00 

94.6 

2.00 

91.0 

Te  (6 

25) 

7.00 

95.1 

3.00 

92 . 0 

0.188 

21  * 

8 . 00 

95.6 

4.00 

92 . 5 

0.200 

22* 

9.00 

95.5 

5.00 

93.0 

0.251 

23* 

10.00 

95.5 

7.00 

93 . 5 

0 . 305 

32* 

12.00 

96.3 

9  00 

94.5 

0  357 

41* 

*  (25)  -f-  (59) 

0.60 

49 

Sb  (6) 

0.80 

48 

0 . 600 

53 

1.00 

49.5 

1  . 00 

55 

1.20 

50 

1.60 

58 

1.60 

51 

Zn  (5 

-  7) 

2.00 

60 

2 . 00 

52 

0.45 

54.0* 

3.00 

65 

3.00 

53 

0.50 

55.0* 

4.00 

68 

4.00 

57 

0.55 

56.0* 

6 . 00 

70 

6.00 

63 

0.60 

57.5* 

9.00 

72 

8.00 

72 

0.70 

61.0* 

9 . 00 

78 

0.80 

61.5* 

*  (25^. 

0.90 

55.5* 

bi  (°l 

1 . 00 

49.0* 

0 . 500 

34 

1.20 

74.7* 

0.600 

32 

1.40 

85.8* 

0 . 800 

29 

V  (6) 

1.75 

92.0* 

1 . 00  to 

}  28 

0.50 

57.0 

2.00 

94.0* 

y .  iHJ 

0.70 

58.5 

3.06 

95.5 

1.00 

61.3 

5.24 

97.2 

Sn 

5) 

1.40 

64.5 

6.75 

97.2 

1 .06 

54.0 

2.00 

69 

9.38 

98.1 

1.71 

59.3 

3  00 

74.3 

12.03 

98.3 

3.06 

68.6 

4.00 

78.8 

*(7>. 

Table  6.— Reflectivity  of  Alloys 


All  compositions  expressed  in  weight  %;  tabular  values  are 
R0;  Ro/100  =  Jr/ Jr,  unit  of  X  =  1/x  =  104A  =  10~4  cm 


X 

1 

2 

3 

4 

5 

6 

1 

1  8 

0 

188 

23 

0 

200 

25 

0 

251 

25 

67 

0 

29 

9 

35 

8 

0 

288 

29 

70 

6 

37 

7 

37 

1 

0 

305 

31 

72 

2 

41 

7 

37 

2 

0 

326 

33 

75 

5 

39 

3 

0 

357 

37 

81 

2 

51 

0 

43 

3 

0 

385 

41 

83 

9 

53 

1 

44 

3 

0 

420 

44 

83 

3 

56 

4 

47 

2 

0 

450 

46 

83 

4 

63 

5 

60 

0 

56 

5 

49 

2 

0 

500 

48 

83 

3 

65 

8 

63 

2 

57 

8 

49 

3 

0 

550 

52 

82 

7 

68 

3 

64 

0 

59 

0 

48 

3 

0 

600 

83 

0 

70 

1 

64 

3 

60 

2 

47 

5 

0 

650 

82 

1 

71 

0 

70 

0 

65 

4 

61 

8 

49 

7 

0 

700 

83 

3 

71 

8 

71 

2 

66 

8 

63 

7 

54 

9 

0 

800 

84 

3 

73 

0 

67 

2 

63 

1 

71 

1 

1 

00 

84 

1 

74 

0 

72 

4 

70 

5 

72 

3 

69 

8 

74 

3 

1 

50 

85 

5 

75 

3 

77 

8 

75 

0 

78 

2 

79 

1 

78 

1 

2 

00 

86 

7 

76 

8 

82 

3 

80 

4 

83 

8 

82 

3 

87 

0 

3 

00 

87 

4 

80 

0 

85 

6 

86 

2 

88 

7 

85 

8 

90 

1 

4 

00 

88 

7 

82 

8 

88 

3 

88 

5 

91 

0 

87 

1 

91 

9 

5 

00 

89 

0 

89 

5 

89 

1 

87 

3 

92 

6 

7 

00 

90 

0 

92 

7 

90 

1 

88 

6 

93 

6 

9 

00 

90 

9 

93 

0 

92 

2 

90 

3 

11 

00 

90 

7 

93 

4 

92 

9 

90 

2 

14 

00 

92 

2 

94 

2 

93 

6 

90 

3 

1.  Al-Cu,  Duralumin  (8);  94.19  AI  +  4.20  Cu  +  0.37  Fe  +  0.51 
Mn  +  0.54  Mg  +0.19  Si. 

2.  Al-Mg,  Mach’s  mirror  magnalium  (22);  69  Al  +31  Mg. 
C-Fe  Steel;  see  Fe,  Table  5. 

3.  Co-Cr,  Stellite  (7);  secret  composition. 

4.  Cu-Ni,  Constantan  (22);  60  Cu  +  40  Ni. 

5.  Cu-Sn,  Speculum  metal;  Ross’s  metal  (22);  68  Cu  +  32  Sn. 

6.  Cu-Fe-Ni,  Monel  metal  (7);  68  to  70  Ni  +  1.5  Fe  +  30.5  to 
28.5  Cu. 

7.  Cu-Fe-Ni-Sn,  Braudes  and  Schumann  alloy  22);  32  Cu  + 
34  Sn  +  29  Ni  +  5  Fe. 

8.  Cu-Ni-Zn,  German  silver  (41);  52  Cu  +  26  Zn  +  22  Ni. 
Table  7. — Reflectivity  of  Sulfides  Which  Show  Metallic 

Reflection  (5>  8>  54) 

FeSj  =  Pyrites,  MoS2  =  Molybdenite,  PbS  =  Galena,  Sb2Sj  = 
Stibnite;  7?0/100  =  Jr/Ji\  unit  of  \  =  1m  =  104A  =  10-4  cm 


X 

FeS2 

MoSj 

PbS 

Sb2Sj 

0.24 

49 

53 

40 

52 

0.25 

48 

57 

40 

51 

0.27 

48 

56 

42 

57 

0.30 

50 

50 

49 

61 

0.35 

46 

48 

48 

60 

0.40 

38 

50 

41 

54 

0.45 

44 

53 

37 

51 

0.50 

52 

47 

34 

49 

0.55 

53 

42 

37  f 

42* 

0.60 

54* 

42 1 

36  f 

41* 

0.70 

60* 

42  f 

42  f 

44  f 

1.0 

62  f 

39  f 

35t 

40 1 

3.0 

62  f 

39  f 

31 1 

37  f 

6.0 

62  f 

31 1 

37  f 

11.0 

62 1 

31 1 

37  + 

13.0 

62  f 

30  f 

*(54).  t(5). 


METALLIC  REFLECTIVITY 


zoo 


Table  8. — Reflectivity  of  Opaque  Films  of  Puke  Metals 
.fto/100  =  Jr/Ji]  unit  of  \  =  1  fi  =  104A  =  10~4  cm 
Deposited  by  catliode  sputtering  (25);  tabular  values  =  R0 


X 

Ag* 

Alt 

Au 

Hi 

Cd 

Cu* 

0.188 

22 

25 

17 

17 

20 

23 

(I  200 

25 

31 

20 

18 

23 

31 

0  ‘Jo  I 

33 

53 

25 

24 

36 

26 

0  305 

17 

64 

36 

30 

49 

29 

0  357 

67 

70 

45 

36 

60 

32 

X 

Xi* 

Pb 

Sb 

Si 

Sn 

Zn 

0.188 

35 

16 

31 

64 

8 

17 

0.200 

44 

18 

33 

73 

9 

22 

0.251 

38 

20 

53 

75 

17 

39 

0  305 

46 

22 

64 

73 

21 

48 

0 . 357 

49 

26 

71 

60 

27 

51 

*  Ag  is  chemically,  and  Cu  and  Xi  arc  olcctrolytically  deposited;  see  below  for 
other  data,  f  Cf.  (5S). 


Deposited  by  cathode  sputtering  (22);  tabular  values  =  R„ 


X 

Ag 

Au 

Pt 

X 

Ag 

Au 

Pt 

0.65 

94.6 

89.1 

63.8 

7 . 00 

98.3 

95.7 

93.0 

1 .00 

95.5 

93.6 

70.4 

8.00 

98. 1 

96.1 

92.5 

1.50 

94.8 

75 . 3 

9.00 

98.1 

96.1 

92.5 

2.00 

96.8 

94.9 

79.8 

10.00 

98.5 

96.4 

93.1 

3.00 

97.4 

95.6 

88.5 

11.00 

98  8 

96.5 

92.7 

4.00 

97.6 

96.0 

91.6 

12.00 

98. 1 

97.2 

94.9 

5.00 

97.3 

95  7 

90  8 

14.00 

96.7 

94.7 

Chemically  (Chem)  and  electrolytic-ally  (Elec)  deposited 


Ag,  Chem 


^22,  25,  51) 

R 

0 

0 

188 

22 

* 

0 

200 

25 

* 

0 

251 

34 

1 

0 

288 

21 

2 

0 

305 

9 

1 

0 

316 

4 

2 

0 

326 

14 

6 

0 

338 

55 

5 

0 

357 

74 

5 

0 

385 

81 

4 

0 

420 

86 

6 

0 

450 

90 

5 

0 

460 

90 

5t 

0 

500 

92 

7t 

0 

500 

91 

3 

0 

540 

93 

Of 

0 

550 

92 

7 

0 

580 

94 

8t 

0 

600 

92 

6 

0 

620 

95 

Of 

0 

650 

93 

5 

0 

660 

95 

2t 

0 

700 

94 

6 

0 

700 

95 

3f 

0 

800 

96 

3 

1 

00 

96 

6 

1 

50 

97 

9 

3 

00 

98 

1 

4 

00 

98 

5 

- 

00 

98 

1 

7 

00 

98 

5 

14 

00 

98 

8 

Ag. — (Cntitinued) 
Chem  on  glass J  (51) 


X 

R  o 

0 . 460 

81.0 

0 . 500 

84.0 

0 . 540 

86.2 

0.580 

88.5 

0.620 

90.2 

0.660 

91.9 

0 . 700 

93.0 

X 

Rnf  (41)§ 

0 . 779 

92.0 

0.910 

94.4 

1.096 

96.0 

1.329 

97.3 

1.718 

97.5 

2.204 

98 . 0 

3 . 842 

98.0 

4.810 

98.1 

6 . 264 

98.2 

7  737 

98.5 

X 

Hot 

0 . 779 

85.2 

0.910 

86 . 5 

1  096 

88.3 

1.329 

89.5 

1.718 

90.9 

2 . 204 

91.9 

3  842 

93.6 

4.810 

94.1 

6 . 264 

95.5 

7 . 737 

96.2 

*  (*s).  t  (»*)-  X Light 

incident  on  glass  side. 

-  R  for  new 

fold  1  film. 


Ag,  Chem 


(Lacquered)  (7) 

X 

R 

Before  exposure* 

0.55 

68.6 

0.60 

73.5 

0.65 

77.0 

0.70 

79.8 

0.75 

81.9 

1.00 

87 . 8 

1.25 

90  8 

1.50 

93.2 

2.00 

95.0 

After  exposure* 


0 

.55 

62 

.0 

0 

60 

68 

.  7 

0 

65 

73 

.8 

0 

70 

77 . 

5 

0 

75 

80 

5 

*  Exposed  six  hours  to 
light  from  a  15  amp. 
carbon  arc  0.5  meter 
away.  Deterioration 
due  presumably  to  the 
effect  of  ultra-violet  light 
on  t be  lacquer. 


Au, 

Elec 

(22,  51) 

0 

251 

38 

.8 

0 

288 

34 

0 

0 

805 

31 

8 

0. 

326 

28 

6 

0 

357 

27 

9 

0 

385 

27 

1 

0 

420 

29 

.3 

0 

450 

33 

.1 

0 

460 

37 

0‘ 

\u,  Elec.- 

-(.Cont'il.) 

Cu,  Elec  (2  5,  si) 

Ni,  Elec 

—  (Cant'd) 

X 

Rt 

X  R0 

X 

R0 

0 . 480 

38.0* 

0.188  23* 

1 .000 

72.0 

0 . 500 

43.0* 

0.200  3 1  * 

2.00 

83.5 

0 . 520 

53.0* 

0.251  26* 

3 . 00 

88.7 

0.540 

61.8* 

0.305  29* 

5.00 

94  4 

0 . 560 

70.8* 

0.357  32* 

7 .  (X) 

94 . 3 

0 . 580 

75.8* 

0.460  46.0 

9 .  (X) 

95  6 

0 . 600 

79.2* 

0 . 480  48  0 

11.00 

95  9 

0.620 

81.2* 

0 . 500  49 . 0 

14.  (X) 

97  2 

0.640 

84.0* 

0.520  51.2 

*  (2S>. 

0.660 

85.2* 

0 . 540  54 . 0 

0.680 

85.3* 

0 . 560  57 . 5 

0.700 

92 . 3 

0 . 580  65 . 5 

0.800 

94.9 

0.600  71.0 

1.50 

97.3 

0.640  76.5 

Pt,  Elec  (22) 

2.00 

96.8 

0.660  77.7 

0.251 

33.8 

4.00 

96.9 

0.700  78.6 

0.288 

38.8 

5 . 00 

97.0 

*  (25)# 

0 . 305 

39.8 

7.00 

98.3 

0.326 

41.4 

9.00 

98.0 

Ni,  Elec  (22,  25 

0.357 

43.4 

11.00 

98.3 

0.188  35* 

0 . 385 

45.4 

14.00 

97.9 

0.200  44* 

0.420 

51 .8 

*  (S'). 

0  251  37  8 

0.450 

54.7 

Au,  Chem  (22) 

0 . 288  42 . 7 

0.500 

58.4 

0.65 

89.6 

0.305  44.2 

0.550 

61 . 1 

0.70 

91.3 

0 . 326  45 . 2 

0.600 

64.2 

1.00 

94.7 

0 . 338  46 . 5 

0.650 

66 . 5 

1.50 

96.7 

0 . 357  48 . 8 

0.700 

69.0 

2.00 

96.5 

0 . 385  49  6 

0.800 

70.3 

3.00 

96.7 

0.420  56.6 

1 .00 

72.9 

4 . 00 

97.2 

0 . 450  59 . 4 

1.50 

77.7 

5.00 

96.9 

0  500  60  8 

2.00 

80.6 

7.00 

97 . 3 

0.550  b_ . 6 

3.00 

88 . 8 

9.00 

96.7 

0 . 600  64 . 9 

4.00 

91.5 

11.00 

97.7 

0.700  68.8 

5.00 

93.5 

14.00 

98.7 

0.800  69.6 

7.00 

95.5 

ABLE  9. — 

Transmission,  Reflection,  and  Absorption  of 

Thin  Films  of  Puke  Metals 
72„/100  =  Jr/Ji-,  77 100  =  Jt/Ji)  A  =  100  -  (R0  -f  T);  r  = 
thickness  of  film.  Ag  is  chemically  deposited  on  glass.  Au  and  I’t 
are  deposited  on  quartz  (Si02)  by  cathode  sputtering.  1’nit  of 
t  =  lmM  =  10 I  m  =  10~7  cm;  of  X  =  1M  =  104A  =  10“4  cm. 


T 

48.6 

79.0 

1(X) . 4 

X 

Ag  (23);  Cf.  (24,  52 

,  T 

0.221 

7.0 

2 . 5 

0.251 

6.8 

1  20 

0.288 

10.2 

2  92 

1.32 

0 . 305 

23.2 

10.3 

4.6 

0.310 

33.4 

14.6 

8.2 

0.316 

39.8 

26.7 

19.7 

0.321 

44.1 

31.6 

22.5 

0  326 

39  4 

25  4 

16.9 

0 . 332 

27.6 

15.9 

10.0 

0.338 

20.7 

10.2 

3.63 

0.357 

11.8 

4.16 

0.81 

0.385 

9.90 

2.38 

0  43 

0.420 

8.85 

1  30 

0.32 

0.450 

6  80 

0.84 

0.24 

0  500 

5  32 

0  40 

0.10 

0.55 

4.12 

0.27 

0  076 

0.60 

3.36 

0.142 

0  050 

0.65 

2.78 

0.106 

0  034 

0.7 

2.55 

0  079 

0.025 
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Table  9. — ( Continued ) 


r 

48  6 

79.0 

100.4 

X 

Ag  (23);  cf.  (24,  52), 

0.8 

1.95 

0.052 

0.017 

1.0 

1.40 

0.029 

0.010 

1.2 

1.29 

0 . 024 

0 . 006 

1.5 

1.16 

0 . 036 

0.007 

T 

|  53 . 3 

73.2  !  101.1 

I  20 . 9 

51.5  |  89.9 

X 

Au  (23),  7’ 

1 

Pt  (2  3),  T 

0 

326 

2 

87 

0 

91 

7 

7 

0 

357 

3 

98 

1 

06 

0 

306 

7 

6 

0 

49 

0 

385 

4 

15 

1 

41 

0 

309 

7 

6 

0 

51 

0 

42 

5 

10 

1 

74 

0 

440 

7 

1 

0 

57 

0 

45 

6 

62 

2 

80 

0 

685 

7 

0 

0 

54 

0 

027 

0 

50 

10 

03 

4 

12 

0 

929 

6 

7 

0 

52 

0 

021 

0 

55 

6 

66 

2 

42 

0 

519 

6 

1 

0 

55 

0 

022 

0 

60 

3 

97 

i 

38 

0 

283 

5 

9 

0 

51 

0 

024 

0 

65 

3 

02 

0 

726 

0 

202 

5 

8 

0 

51 

0 

023 

0 

7 

2 

31 

0 

555 

0 

172 

5 

6 

0 

52 

0 

021 

0 

8 

i 

67 

0 

288 

0 

101 

5 

1 

0 

49 

0 

020 

1 

0 

i 

48 

0 

227 

0 

040 

4 

2 

0 

53 

0 

019 

1 

2 

i 

01 

0 

127 

0 

027 

4 

0 

0 

50 

0 

022 

1 

5 

0 

639 

0 

074 

0 

016 

4 

1 

0 

50 

0 

028 

2 

0 

0 

285 

0 

039 

3 

9 

0 

52 

0 

038 

2 

5 

0 

159 

0 

031 

3 

6 

0 

50 

0 

041 

Pt  (40)(  x  =  0.300 

R*  I  R*  1  T  1  A*  I  Aj 


0 

7.9 

7.9 

82.6 

0 

0 

1.0 

9.9 

5.8 

67.4 

15.1 

21.0 

2.7 

12.8 

5.0 

53.6 

27.2 

38.4 

4.2 

15.7 

6.0 

46.9 

31.6 

45.9 

10 

25.8 

11.7 

24.7 

46.1 

62.8 

15 

28.1 

14.7 

19.2 

50.0 

65.2 

22 

28.6 

19.4 

9.1 

60.9 

70.5 

50 

26.4 

19.3 

0.5 

73.0 

80.6 

Pt  (40),  \  =  0.400 

T 

R*  R*  1  T 

a;  i 

0 

9.2 

9.2 

91.5 

0 

0 

1.0 

10.8 

7.2 

80.8 

8.4 

12.0 

2.7 

13.2 

5.4 

65.0 

21.8 

29.6 

4.2 

17.2 

5.7 

54.8 

28.0 

39.5 

10 

29.5 

13.2 

30.0 

40.5 

56.8 

15 

41.7 

21.3 

19.1 

39.2 

59.6 

22 

47.5 

33.4 

10.0 

42.5 

56.6 

50 

49.8 

34.2 

0.5 

49.7 

65.3 

*  R/,  A /  [iJ«,  As]  =  value  of  R,  A  when  light  is  incident  on  film  [on  quartz] 
side  of  plate. 
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Table  1. — Specular  Reflectivity 
Pabular  values  are  R  =  100 /,//,■;  I,  =  intensity  of  radiation 
specularly  reflected  when  intensity  of  incident  radiation  is  /,. 
Xm  =  wave-length  at  which  R  is  a  local  maximum,  Rm  =  value  of  R 


at  Xm;  ||„,  ||a,  ||k,  ||C)  [10J  =  incident  light  is  plane  polarized  with 
electric  vector  parallel  to  optic  axis,  to  a,  b,  c  crystallographic  axis 

[X  to  optic  axis].  - »  [ - ]  indicates  that  dft/dX  has  the 

same  sign  [is  essentially  zero]  throughout  the  region  covered  by  the 
symbol;  {indicates  that  R  lies  between  the  values  so  connected. 
In  most  cases,  angle  of  incidence  is  nearly  0. 

Table  is  spectrally  subdivided;  elementary  substances  are 
indicated  by  their  symbols,  others  by  the  following  kev  numbers 

(Nk): 


Xu 

Substance 

Nk 

Substance 

li 

H20,  Water 

6 

CS2 

1. 

H20,  Ice 

7 

OH3OII,  Methyl  alcohol 

2 

H2SO4 

8 

C2H5OH,  Ethyl  alcohol 

3 

NH4CI 

9 

CsHsOs,  Glycerol 

4 

NH«Br 

10 

Celle,  Benzene 

6 

Sb2S3,  Stibnite 

11 

C7IL,  Toluene 

NON'- METALLIC  REFLECTIVITY 


Nk 

Substance 

Nk 

Substance 

xk 

Substance 

xk 

Substance 

12 

C#Hio,  Xylene 

24 

(CuOH)jCOj,  Malachite 

37 

BaS04,  Barite 

46 

Mica  (muscovite 

13 

C#H80,  Cinnamic  aide- 

25 

Fe2Oj,  Hematite 

38 

BaCOi,  Witherite 

47 

Porcelain 

hvde 

26 

Fc2( ) 4 ,  Magnetite 

39 

BaHgI4.5H20 

48 

Tourmaline 

14 

CioIIjBr,  a-Bromonaph- 

27 

FeS2,  Pyrites 

40 

XaC'l.  Rock  salt 

49 

Cassia  oil 

thalene 

28 

FeCOj,  Siderite 

41 

Na  N <  1 

50 

Collodion 

SiOi,  (see  Vol.  VI) 

29 

(Fe.Xi)S,  Pentlandite 

LiXa(SeO«j 

61 

Kerosene 

15 

PbCli 

Co(NH<)t(SeO*)t 

42 

KC1,  Sylvite 

52 

Xaphtha 

16 

PbS,  Galena 

Xi(XH4)2(Se04)2 

43 

KBr 

53 

Paraffin 

17 

PbS04,  Anglesite 

30 

MoSj,  Molybdenite 

44 

KI 

64 

Paraffin  oil 

18 

Pb  ( NOj )  j 

31 

A1,(S04)j(XIE)2SO<.24- 

XiK2(Se04)i 

65 

Vaseline  'melted 

19 

ZnS,  Sphalerite 

II20,  Ammonium  alum 

45 

Carborundum 

ZnSe04 

32 

Cal'2,  Fluorite 

Additional  data:  (a)  Infra-red:  Aniline  dves  (29  ,  esters  and  salts 

20 

(ZnFe)S,  Zinc  blende 

33 

C'aCOi,  Aragonite 

of  organic  acids  22  ,  inorganic  salts  i82  .  (6)  Aqueous  solutions: 

21 

ZnCUj,  Smithsonite 

34 

CaCOa,  Calcite 

Xit rides  (X  =  1  to  10/x 

4  .  inorganic 

salts  i22  .  effect  of  chlorides. 

22 

CuS,  ( 'ovellite 

35 

SrS04,  Celcstite 

nitrates,  and  sulfates  in 

shifting  the  water  maximum  near  X  =  3u 

23 

Cu2S,  Chalcocite 

36 

SrCOa,  Strontianite 

(5). 

Unit  of  X  =  l/i  =  104  A  =  10~4  cm 


X 

Br 

C* 

Te 

6 

6 

8 

9 

10 

12 

13 

14 

16 

0.185 

0.20 

3.7 

5 . 5 

6.0 

0.21 

<4 

6.0 

6.0 

0.23 

21 

9.0 

9.0 

0.25 

50 

4.0 

0.5 

6.0 

40 

0.27 

1 .0 

2.0 

2.0 

0.29 

1 

4.0 

0.31 

63 

2.0 

0.32 

0.33 

0.8 

50 

0.40 

I 

2.0 

4.0 

4.0 

4.0 

Oil 

40 

/  40 

(I  15 

<4 

30 

50 

45 

0.540 

17 

30 

0.600 

30 

0.645 

40 

/  40 

0.72 

50 

45 

0.75 

Lit. 

(27) 

(53) 

(81,  88) 

(12,  15, 

(27,  42, 

(49) 

(49) 

(49) 

(49) 

(27,  42, 

(27,  42, 

(12- 

15, 

18,  32, 

49) 

49) 

49) 

32, 

87) 

87) 
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Table  1. — ( Continued ) 


X  =  1  to  21^;  incident  light  unpolarized;  for  1,  7,  8,  10,  11,  34,  46,  46,  47,  48,  see  infra 


X 

C*  |  S  6 

16 

19 

22 

23 

26 

26 

27 

29 

30 

32 

60 

1 

16 

.5  1  40 

30 

10 

45 

15 

1 

2 

5 

30 

15 

30 

3 

3 

8 

1 

6 

50 

10 

7 

3 

10 

1 

10 

1 1 

40 

56 

12 

30 

30 

13 

1 

10 

, 

1 

14 

8 

30 

76 

56 

12 

38 

48 

19 

16 

5  | 

(63)  I  (13,  70,  (12, 

15, 

(12 

15, 

(12, 

18) 

(!3) 

(13) 

(12, 

32) 

(12) 

(12> 

15, 

(13) 

(13 

15, 

(47 

(86) 

Lit. 

74)  18, 

32, 

32, 

87) 

33, 

87) 

16, 

18, 

87) 

33, 

87) 

X  h  1  7  8  10  11 


Lit. 

1  (3,  9,  22, 
72,  73) 

(8) 

,3) 

(3,  72) 

(3) 

<3, 

1.0 

1.98 

1.72 

1.95 

2.25 

3.85 

3.90 

1.5 

1.95 

1.62 

1.95 

2.20 

3.81 

3.90 

2.0 

1.74 

1.62 

1.85 

2.05 

3.75 

3.85 

2.4 

1.45 

1 . 13 

1.77 

1.82 

3.55 

2.6 

1.25 

0.73 

1.67 

3.35 

3.70 

2.8 

1.35 

0.70 

1.35 

1.45 

3.40 

3 . 60 

3.0 

3.40 

1.60 

1.95 

1  75 

3.60 

3.80 

3.2 

4.10 

5.10 

2.05 

2.10 

3.35 

3.65 

3.4 

3.25 

3 . 90 

1.80 

2.00 

3.45 

3.55 

3.5 

2  95 

2.81 

1.92 

2.12 

3.67 

3.77 

4.0 

2.20 

1.75 

2.15 

2.50 

4.00 

3.95 

4.5 

2.14 

(22) 

2.15 

2.60 

3.84 

3.90 

5.0 

2  00 

2.15 

2.40 

3.90 

5.5 

1.68 

1; 

2.20 

3.60 

5.6 

1.67 

1C 

II 

5.8 

1.40 

3.80 

5.9 

1.50 

N 

6.0 

2.00 

4.00 

2.05 

6.1 

2.28 

6.2 

2.46 

6.3 

2.34 

6.5 

2.10 

2.00 

7.0 

1.95 

3.25 

2.00 

7.5 

1.75 

2.03 

8.0 

1.67 

3.20 

2.20 

8.5 

1.60 

2.30 

9.0 

1.44 

2.50 

1.70 

9.5 

1.24 

2.05 

10.0 

0.95 

2.10 

3.03 

10.5 

0.85 

10.75 

11.0 

0 . 75 

1.80 

2.40 

11.5 

1.10 

2.70 

12.0 

2.00 

2.80 

2.80 

12.5 

2.00 

2.65 

13.0 

3.10 

4.70 

2.85 

13.5 

3.40 

14.0 

4.10 

6 . 65 

3.00 

14.5 

4.80 

15.0 

5.30 

8.20 

3.00 

15.5 

5.4 

16.0 

5.3 

8.7 

3.0 

16.5 

6.0 

17.0 

6.6 

9.8 

2.8 

17.5 

6.9 

18.0 

6.7 

11.3 

2.9 

X 

1: 

1/;  Zi  = 
50° 

7 

8 

10 

11 

Lit, 

(3,  9,  22, 
72,  73) 

(22) 

(3, 

(3,  72) 

(3, 

(>) 

IS. 5 

7.5 

19.0 

8.4 

13.7 

2.9 

20.0 

8.9 

21.0 

8.2 

X 

34,1,1 

1  34f 

|  45 

46 

47 

48j| 

CD 

1 

.0 

15 

.0 

5 

.9 

5 

.5 

2 

.0 

25 

.0 

21 

.0 

5 

7 

5 

.5 

2 

.5 

5 

.6 

5 

.3 

3 

.0 

17 

0 

20 

.0 

5 

5 

5 

7 

4 

.0 

13 

0 

17 

0 

17 

0 

1 

0 

4 

.9 

5 

,i 

5 

0 

11 

0 

15 

0 

4 

2 

4 

5 

6 

0 

3 

0 

11 

0 

18 

0 

3 

0 

1 

0 

3 

3 

3 

8 

6 

5 

90 

0 

11 

5 

3 

5 

1 

0 

3 

4 

7 

0 

95 

0 

9 

0 

2 

0 

0 

5 

2 

7 

7 

5 

45 

0 

9 

0 

i 

5 

17 

0 

3 

0 

8 

0 

32 

0 

9 

0 

18 

0 

i 

0 

0 

5 

12 

0 

1 

0 

8 

5 

4 

0 

9 

0 

3 

0 

2 

0 

9 

0 

21 

0 

8 

0 

17 

0 

35 

0 

13 

0 

12 

0 

37 

0 

9 

25 

38 

0 

16 

0 

11 

0 

21 

0 

9 

5 

14 

0 

29 

0 

13 

0 

30 

0 

30 

0 

9 

75 

40 

0 

38 

0 

25 

0 

10 

0 

22 

0 

I 

0 

i 

0 

27 

0 

8 

0 

40 

0 

20 

0 

10 

25 

6 

0 

10 

5 

32 

0 

13 

0 

7 

0 

25 

0 

17 

0 

11 

0 

26 

0 

2 

0 

80 

0 

10 

0 

5 

5 

15 

0 

8 

0 

11 

25 

27 

0 

89 

0 

11 

5 

50 

0 

94 

0 

12 

0 

24 

0 

17 

0 

98 

0 

2 

0 

9 

0 

2 

0 

12 

5 

91 

0 

8 

0 

25 

0 

13 

0 

18 

0 

13 

0 

63 

0 

5 

0 

24 

0 

13 

5 

55 

0 

10 

0 

2 

0 

14 

0 

15 

0 

8 

0 

53 

0 

7 

0 

30 

0 

14 

25 

25 

0 

8 

0 

3 

0 

39 

0 

14 

5 

22 

0 

11 

0 

15 

0 

2 

0 

15 

0 

Lit, 

52 

,52, 

«  1  3  ) 

(12, 

13) 

(13)  |  (13, 

63)  I  (13, 

63 

*  Diamond, 
t  (3«). 

$41,  45,  43,  51  correspond  to  X  =  0.590,  0.610,  0.640,  0.69;  X«  at  0.250, 
0.450,  0.610,  0.690 p.  At  —  160°C,  Xm  shifted  from  0.61  and  0.69  to  0.595  and 
0.655m,  and  maxima  are  enhanced. 

§  R  =*  3  from  X  =  O.6/1  to  X  =  7.0. 
o  —  ordinary,  e  =*  extraordinary  ray. 
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X  =  1  to  21  n\  incident  light  polarized  (79) 


Su  list  a  nee 

Rm  j1  Substance 

x„ 

Rm 

ZnSe04 . 

II. 

11.43 

30 

Ni(.\H4)i(Se04)J.— (Coni' d.) 

11  15 

5 

ZnSe04 . 

_L„ 

11.48 

18 

LiXaSot  )4 

1 1  12 

L3 

Co(NH«),(SeO,),... 

II 

(|a 

11.56 

9 

X. 

1 1  30 

19 

IU 

11.22 

6 

Xi  I\  •>  ( SeO  4)2 . 

llo 

1 1  32 

15 

lie 

11  12 

5 

Ik 

11.50 

17 

Ni(NH4)t(SeO«), . 

II. 

11.42 

9 

lie 

11  18 

10 

Ik 

11  30 

6 

X  =  22  to  310/x;  incident  light  not  polarized 


X  = 

22 

23 

27 

33 

39 

52  | 

63 

83 

94 

117  | 

310 

Lit. 

s 

11H 

9.2 

(13,  70,  74) 

ll 

6 . 5 

7.2 

9.3 

10.6 

10.9 

111 

12.7** 

15  1** 

(69) 

2 

8.8 

7.9 

16.9 

18.7 

17.7 

17.7 

18.4 

21.7 

(69) 

3 

3.8 

3.1 

79.5 

54.7 

32.3 

26.3 

23.4 

19.8 

(69, 

4 

6.0 

3.8 

55.1 

66 . 4 

41.5 

28.8 

24.4 

21  1 

(69) 

9 

5.8 

5.5 

5.2 

6.3 

7.5 

8.5 

9.4 

(69, 

15 

10.2 

6.9 

23.3 

43.2 

61.8 

71.4 

58.9 

51.8 

(69, 

18 

6.9 

6.2 

5.5 

3.1 

5.0 

29.4 

63.7 

55.8 

50.8 

36 . 9 

(38) 

20 

7.2 

35.4 

73.7 

51.9 

30.3 

27.7 

25  5 

25.0 

24  4 

23.5 

(38) 

24 

8.5 

32.4 

23.6 

20.0 

23.5 

24.2 

24.0 

22.2ft 

20 . 8 

(38) 

31 

6.5 

4.4 

5.7 

9.2 

18.9 

18.0 

16.0 

15.1 

17.7 

17.8 

(38) 

32 

*)5 . 3 

83.0 

30.0 

25.2 

21.6 

20.4 

20.6 

19.9 

(69) 

40 

2.1 

1.7 

80.2 

64.5 

27 . 5 

24.3 

19.9 

17.9 

(69) 

42 

2.3 

1.6 

39.9 

80.0 

37.5 

24.4 

17.4 

14.0 

(69) 

43 

3.8 

3.2 

2  2 

18.0 

82.8 

56.3 

21.9 

14.9 

(69) 

44 

5  6 

4.4 

2  2 

2.3 

30.2 

75.0 

23.0 

15.8 

(69, 

X  =  22  to  310/x ;  incident  light  plane  polarized 


X 

= 

22 

27 

33 

39 

52 

63 

83 

94 

no 

11 

7 

310 

Lit. 

17 

Ik 

3 

2 

43 

7 

36 

2 

32 

8 

20 

5 

18 

5 

17 

4 

17.2 

(37) 

17 

Ik 

2 

5 

55 

4 

54 

9 

35 

3 

22 

9 

18 

7 

18 

5 

18.3 

(37) 

21 

Ik 

2 

2 

15 

4 

20 

4 

29 

0 

79 

0 

75 

9 

41 

5 

31 

9 

29 

6 

25.7 

(38) 

21 

±0 

3 

< 

21 

7 

45 

5 

32 

6 

59 

5 

50 

4 

33 

8 

31 

7 

29 

5 

25.4 

(38) 

28 

Ik 

5 

/ 

30 

8 

20 

2 

30 

2 

69 

7 

41 

5 

25 

7 

22 

5 

21 

1 

17.7 

(38) 

28 

X. 

5 

5 

42 

4 

46 

5 

31 

0 

39 

1 

31 

1 

25 

9 

24 

3 

23 

5 

22.3 

(38) 

33 

Ik 

0 

84 

60 

3 

66 

0 

44 

3 

28 

8 

22 

9 

22 

7 

19 

9 

19.7 

(37) 

33 

Ik 

1 

5 

67 

1 

71 

8 

51 

2 

27 

4 

21 

4 

27 

1 

28 

8 

27.9 

(37) 

33 

Ik 

1 

9 

62 

5 

51 

< 

42 

1 

29 

2 

24 

2 

24 

7 

22 

4 

21.8 

(37) 

34 

Ik 

50 

4 

29 

5 

8 

2 

2 

2 

48 

4 

80 

8 

48 

3 

28.9 

(37) 

34 

1. 

64 

5 

43 

2 

25 

8 

15 

9 

26 

2 

58 

0 

38 

5 

27.2 

(37) 

35 

Ik 

5 

4 

8 

8 

30 

6 

57 

2 

33 

4 

54 

3 

44 

1 

31 

3 

25.6 

(37) 

36 

Ik 

6 

2 

6 

1 

14 

4 

57 

5 

66 

t 

15 

5 

13 

9 

53 

i 

54.5 

(37) 

35 

Ik 

5 

4 

10 

2 

41 

4 

48 

/ 

21 

9 

28 

5 

27 

7 

26 

2 

23.9 

(37) 

36 

Ik 

1 

5 

18 

9 

48 

0 

62 

0 

42 

5 

25 

5 

22 

1 

20 

3 

19.1 

(39) 

36 

X, 

2 

4 

24 

9 

50 

5 

39 

0 

28 

2 

23 

5 

22 

1 

20 

5 

19.3 

(39) 

37 

Ik 

6 

0 

5 

t 

6 

4 

41 

2 

55 

5 

36 

4 

45 

5 

34 

3 

25.2 

(37, 

37 

lit 

6 

9 

5 

7 

5 

9 

40 

9 

56 

5 

13 

4 

33 

0 

52 

2 

43  3 

(37) 

37 

||e 

6 

3 

8 

2 

22 

2 

68 

1 

37 

5 

24 

2 

17 

4 

29 

4 

26.7 

(37) 

38 

ll« 

2 

1 

12 

9 

40 

4 

86 

0 

78 

9 

37 

7 

26 

1 

24 

4 

21 . 1 

(38) 

38 

JL# 

4 

5 

15 

0 

52 

1 

66 

5 

38. 

1 

28 

4 

25 

2 

24 

6 

21  6 

(38) 

41 

ik 

1 

7 

0 

6 

6 

6 

21 

0 

22 

2 

11 

1 

4 

1 

2 

9 

36 

« 

:ts  0 

(38, 

41 

1. 

3 

5 

2 

4 

8 

- 

26 

5 

29 

9 

18 

1 

11 

. 

8 

5 

20 

9 

19. 1 

(38, 

48 

II* 

33 

# 

17 

2 

16 

2 

15 

8 

17. 

7 

18 

1 

18. 1 

(38, 

48 

x. 

33 

9 

24 

2 

22 

6 

21 . 

3 

22 

0 

22 

2 

21  1 

(38) 

48ff 

29 

2 

14 

4 

19 

9 

17 

3 

15. 

2 

16 

8 

19. 

0 

18. 

3 

17  8 

(37) 

48ff  1 

32 

3 

22 

1 

24 

2 

23 

1 

17 

1 

22 

1 

21 

5 

21 

3 

20.0 

(37) 

r  For  X  ■■  24/i. 

•*  At  0°C,  Raw  -  11.8,  Ruon  -  14.9;  at  3C°C,  Ruin  -  13.2,  R i\m  -  17  1. 
ft  For  X  -  110. 

Jt  Hod  tourmaline 
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Tabi.i.  2.  -Wave-lengths  (xm)  of  Maxima  of  Specular 
Reflectivity 

Incident  light  unpolarized  except  for  ZnSe04  to  NiK2(SeG4)2 


where  data  are  marked  thus: 


114) 


[  1»]  =  plane  of  electric 


vector  is  parallel  to  optic  axis,  to  a,  b,  c  crystallographic  axis, 
[perpendicular  to  optic  axis]. 

Additional  Data. — \m  for  Nd-eornpounds,  visible  (34);  effect  of 
water  of  crystallization  on  Am  in  infra-red,  alums,  sulfates,  selenates 
9>  77);  aqueous  solutions  of  salts  of  strong  acids  (5).  L7nit  of 
X„,  =  1/x  =  104  A  =  10-4  cm.  See  also  Tables  1  and  3. 

Substance 


(80) 


AgClOj. . . 
Ba(C10j)2 . 
KClOa . . . . 
NaClO,. . . 


(80) 


AgBr03. . . 
Ba(Br02)2. 
Cd(BrO„)2. 
NaBrOj. . . 


h2so4 . 

h2so4* . 

BaS04 . 

BeS04 . 

CaS04 . 

CdS04 . 

CoS04 . 

CuS04 . 

FeS04 . 

F  e2(S04)3 . 

K2S04 . 

Li2S04 . 

MgS04 . 

Na2S04 . 

NiS04 . 

SrS04 . 

ZnS04 . 

M(NH4)»(SO<)it. 

MK2(S04)2J . 

K,  Alum§ . 


0 


2,  31, 


54, 


KHSO, 


CdSe04 . 

CuSe04 . 

K2Se04 . 

Mn2(Se04)3. 
NiSe04 . 


(57) 

(79) 


ZnSe04. .  . 
LiNaSe04. 


Ni(NH4)2(Se04)2. 


UNO,..  .  . 
AgXOj. . . 
Ba(NO,)s. 
HgNOi. . . 


KNO,.. 

NaNOj 


^■m 

10 . 76 

16.38 

10.24 

19.6 

10. 12 

16.22 

10.04 

16.04 

12.6 

13.1 

12.3 

12.64 

12.3 

13.2 

12.2 

61,  76) 

7.2 

8.6 

10.4 

8.6 

9.6 

11.35 

8.9 

15.8 

8.82 

9.08 

16.04 

8.68 

14.84 

9.05 

15.96 

9.05 

9.15 

15.88 

8.83 

9.1 

9.05 

15.92 

8 . 76 

15.32 

8.70 

9.25 

8 . 72f 

9.02 

16 . 08  f 

9.04 

15.74 

8.4 

9.1 

15 . 75 

9.2 

9 

16 

9 

16 

9.04 

16.74 

8.21 

11.44 

11.52 

11.20 

11.36 

11.44 

l|o- 

±o 

11.44 

11.43 

11.48 

11.42 

11.30 

II- 

II* 

Hr 

11.56 

11.22 

11.12 

11.42 

11.30 

11.15 

11.32 

11.56 

11.18 

78) 

7.85 

10.55 

7.45 

7.3 

13.7 

15.6 

8.06 

12.5 

15.9 

10. 

08 

7.13 

7.12 

12.04 

14.44 

Substance 


Pb(NO,)2 
Rb(NO,)  . 
Sr(N03)2. 


(12,  54,  78) 


/  .  I  z 
7.24 
7.28 


13.9 

12.3 

12.36 


15.9 

15.2 

15.36 


Substance 

0 

!,  35) 

A1P(>4 . 

9.25 

9.7 

BiP04 . 

9.2  to  10  0 

10  9 

16.6  to  18.15 

18.6  to  19.15 

Ca3(P04)2 . 

9.5 

Li3P04 . 

9.25 

16.4  to  19.1 

Mg3(P04)a . 

9.4 

10.5 

17.1 

Na3P04 . 

9.6 

17.5  to  18.0 

Pb3(P04)2 . 

10. 15 

17 . 25  to  18.7 

Sr3(P04)2 . 

8.7  to  9 

.8 

Zn3(P04)2 . 

9.4 

16.6 

Xa4P  40 12 . 

7.9  to  9.15  to  11.16 

19.0 

Substance 

| 

An 

(35) 

Ag4P 207 . 

...19.2  to  11.2 

14.3  to  19.3 

K4P207 . 

. . .  7. 75  to 

9.05 

11.2  to  14.8 

18.7  to  19.15 

Na4P207 . 

...8.5  to  10.9 

12.5  to  13.6 

17.4  to  18.7 

Pb2P207 . 

. . .  J  8 . 0  to 

8.95 

9 . 9  to  1 1 . 1 

13.5 

Substance 


(12,  13,  45,  57,  76) 


BaC03|| . 

6.85 

11.6 

14.5 

CaCCV' . 

6.7 

11.4 

14.2 

Cu3(CO,)2(OH),** . 

7.0 

11.92 

14.16 

10 

54 

(Cu0H)2C03)tt . 

7.2 

11.56 

13 . 32 

6.65 

9.64 

12.14 

CaMgtCOsMt . 

6.9 

11.5 

14.7 

FeC03§§ . 

6.8 

11.5 

13.7 

MgCO.HII . 

6.62 

11.32 

MnCOaHH . 

6.7 

11.42 

14.0 

Na2C03 . 

7.0 

11.48 

14.56 

PbCOs*** . 

7.1 

11.97 

15.0 

SrC03ttt . 

6.74 

11.6 

14.32 

ZnC03«t . 

6.76 

11.4 

13.71 

Substance 

Xm 

(1  1,  57,  79) 


Ag20rO4 . 

11 

45 

to 

li 

.95 

Ag2Cr207 . 

10. 

78  to 

n 

15 

BaCr04 . 

11 

.08 

li 

58 

CaCr04 . 

10 

96 

K2(T<>4 . 

10. 

88  to 

li 

10 

K2Cr207 . 

10 

35 

Li2Cr04 . 

10 

75 

MgCrO, . 

10 

90 

I 

PbCr04 . 

11 

.45  to 

SrCr04 . 

10 

.  65  to 

( ?sHs03§  §  § . 

4 

8 

1 

*  H2S04  +  xHjO. 
t  Thenardite. 

t  M  -  Co,  Cu,  Mg,  Mn,  Ni,  or  Zn. 

11.54  to  11.88 


12.5 


14.05 


9.7  (54) 


§  A1»(S04) j.K5SO«.24HjO;  nearly  same  Xm  for  other  alums. 
||  Witherite. 

IT  Same  Xm  for  calcite,  marble,  and  aragonite. 

**  Azurite. 
tt  Malachite. 

+  t  Dolomite.  ***  Cerussite. 

§5  Siderite.  ttt  Strontianite. 

1111  Magnesite.  ttt  Smithsonite. 

Tt  Khodochrosite.  §§5  Glycerol. 
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Table  3. — Wave-lengths  of  Residual  Rays 


After  many  reflections  from  a  given  material  tlie  reflected 
radiation  contains  only  a  few  (“residual”)  wave-lengths  in  the 
range  18/x  to  15(V.  I 'nit  of  X  =  1/t  =  104  A  =  10-4  cm. 


Substance 

X 

^nwan 

Lit. 

NH4C1 . 

46 . 3 

54  0 

51  .5 

( 4 8,  75) 

NH«Br . 

55.3 

62.3 

59.3 

(75) 

Sit ) 2  (see  Vol.  VI) . 

PbClj . 

74 

92 

114 

01 

(68) 

Tin . 

91.6 

(75) 

TIBr . 

117 

(75) 

Til . 

151.8 

(75) 

HgCU . 

95 

(68) 

HgjCl, . 

91  .6 

117.8 

98.8 

(68) 

AgCl . 

74 

90 

81.5 

(68) 

AgBr . 

112.7 

(68) 

AgCN . 

93 

(75) 

MgCOj* . 

30.2 

(I3) 

CaFjf . 

24.0 

31.6 

(66,  74) 

CaFjfJ . 

22.0 

33 . 0 

(I9) 

Ca('(),§ . 

29.4 

(6) 

CaCO.II . 

93 

116 

98.7 

(67,  68) 

CaCO.1I . 

39 

(37) 

SrCOj** . 

43.2 

(48) 

BaCO.ft . 

46 

(48) 

NaCltt . 

47 

54 

52 

4  8,  68, 

70,  71) 

NaClJ  it . 

52 

(I9) 

NaBr . 

50  to  55 

(6) 

K(  T  §  § . 

62.3 

70.6 

63 . 4 

(68,  70, 

71) 

K(’U§§ . 

63 

(19) 

KBr . 

74.0 

86.0 

83 . 3 

(6,68,71) 

KBrJ . 

83 

(I9) 

KI . 

96 

(68,  71) 

Kit . 

94 

(19) 

H2KAl,(Si04)»|||| . 

18.4 

21.5 

(13,  74) 

*  Magnesite, 
t  Fluorite. 

t  Using  only  one  reflecting  surface 
polarizing  angle. 

§  Marble. 

||  Calcite. 

Aragonite. 

**  Strontianite. 


plane  polarized  light  incident  at  the 

ft  Witherite. 
tt  Rock  salt. 

§§  Sylvite. 

’[|  Muscovite  (mica). 


Table  4. — Polarization  of  Light  by  Reflection  from  Liquids 
When  unpolarized  light  is  reflected  at  the  boundary  of  two 
substances  it  is  partially  polarized;  if  for  the  reflected  light  1 
[/ jJ  =  amplitude  of  component  of  the  electric  vector  parallel 
[perpendicular]  to  the  plane  of  incidence,  /  j_  >  I The  angle 
at  which  ('ll /'a)  is  a  minimum  is  called  Brcwsterian  angle;  at 
that  angle  (/  //L)  =  k  X  10-4.  Data  apply  to  clean  surfaces. 

Substance  (60)  [  k 


HjO,  Water . 

CCh,  Carbon  tetrachloride 

CSj,  Carbon  disulfide . 

CH«0,  Methyl  alcohol. 
CjHdO,  Ethyl  alcohol 

CjH»0,  Allyl  alcchol . 

C|H«0,  Acetone . 

CjHsO,  m- Propyl  alcohol. 
CjILO,  Isopropyl  alcohol 
C  II  .< 1  .  <  Jlyoerol 
C4H10O,  n- Butyl  alcohol 
C4II10O,  Isobutyl  alcohol 


75  » 
84 
142 
69 
66 
110 
81 
96 
110 
0 
92 
87 


Substance  (6°i  |  k 

CjH  11,  n- Pentane .  170 

CsHuO,  Amyl  alcohol  150 

C*HiNO*,  Nitrobenzene  131 

CelL,  Benzene .  107 

(VHs,  Toluene .  194 

C'kHio,  to- Xylene .  202 

C,Hi8,  Octane .  66 

ChHjjOj,  Palmitic  acid  ...  1!M) 

(  18H34O2,  Oleic  acid .  210 

Olive  oil .  107 

*  Rayleigh  (SJf  gives  for  H jO.  k  =  12. 


Diffusion  Diagrams. — When  light  is  diffusely  reflected,  the 
intensity  (ho)  of  the  light  reflected  at  the  angle  6  depends  upon 
the  intensity  (/,)  of  the  incident  light  and  also  upon  the  angle  it) 
of  incidence,  and  varies  with  6.  The  distribution  of  the  reflected 
light  when  the  surface  is  illuminated  by  a  beam  of  parallel  light 
may  be  shown  by  a  diffusion  diagram  (Figs.  1  to  4)  in  which  the 
value  of  (Ire)  for  any  value  of  6  is  represented  by  a  point  at  a 
distance  equal  to  (Ire)  from  a  common  center  and  in  the  direction 
6.  If  Ire  =  Do  cos  6,  these  points  will  lie  upon  a  circle  tangent  to 
the  surface.  Data  additional  to  Figs.  1  to  4:  Diffusion  by  non- 
metals  (L  7>  23i  24i  43>  90),  by  roughened  metals  (44);  polarization 
and  depolarization  by  diffuse  reflection  (10>  46). 


Fio.  1. — Diffusion  diagram:  MgO  (*9). 
X  =  0.55m‘.  unit  intensity  =  (Jr®)t-o 


Fig.  2. — Diffusion  diagram:  Rhodamine  R  on  white  drawing  paper  1,1 

Unit  intensity  »  (/o)»_«  for  MgO.  In  A,  -  X  ■■  0.65m.  -  —  X  —  0  r>r»u. 

in  B,  X  ■■  0.55m- 


Fio.  3. —  Diffusion  diagram:  Roughened  milk  glass  (••>. 
White  light,  gins*  roughened  with  emery'  P»P«r  unit  intensity  -  I 
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Rig.  4.  —  Diffusion  diagram:  CaSO-i  plaque  (8S). 

Into  light;  plaster  of  Paris  (CaSO.)  east  on  a  glass  surface,  reflection  from 
the  smooth  surface;  unit  intensity  =  (I To)i-o. 

Table  5. — Albedo:  White  Light 
A  =  Albedo  =  Fr/F;  Fr  =  total  luminous  flux  (in  complete 
hemisphere)  reflected  from  a  plain  surface  coated  with  the  material 
and  uniformity  illuminated  with  white  light,  the  total  luminous 
flux  incident  upon  it  being  F.  Pg  =  ground  pigment;  Pt  = 
applied  and  dried  paint;  w  Pg  =  white  pigment.  Paints  and 
pigments  are  arranged  in  the  order:  Black,  white,  gray,  red,  yellow, 
green,  blue,  purple.  Same  system  of  key  numbers  (N)  for  Tables 
5  and  6.  Unit  of  A  =  0.01  =1%. 


N 

Substance 

A 

Lit. 

2 

H20,  snow . 

93* 

(SI) 

3 

94* 

(51  ) 

4 

AI2O3 . 

94* 

(51) 

9 

MgO . 

97* 

(26,  51,  55) 

11 

1  HSb02 . 

w  Pg 

89 

(21) 

13 

ZnO . 

w  Pg 

91 

(21) 

14 

CaC'<  >, . 

95* 

(51) 

15 

MgC()3 . 

98 

(30,  55,  84) 

17 

BaS04. . .  . 

w  Pg 

88 

(21) 

18 

Munsell  cards: 

Gray . 

N9 

74 

(59) 

N  7 

47 

(59) 

N5 

24 

(59) 

N3 

9 

(59) 

N 1 

2 

(59) 

Red . 

r  % 

46 

(59) 

r  % 

22 

(59) 

r  % 

9 

(59) 

Yellow . 

yK 

50 

(59) 

y  H 

28 

(59) 

y  % 

10 

(59) 

Green . 

g  Vi 

49 

(59) 

g  H 

25 

(59) 

g  :,2 

9 

(59) 

Blue . 

b  y  i 

49 

(59) 

b  % 

26 

(59) 

b  H 

9 

(59) 

Purple . 

P  Vs 

51 

(59) 

P  % 

25 

(59) 

P  % 

9 

(59) 

21 

China  clavf . 

Pg 

84 

(21) 

22 

Flat  white  x. . . 

Pt 

71 

(21) 

23 

Gloss  white  X.  .  . . 

Pt 

65 

(21) 

24 

Lithopone . 

Pg 

91 

(21) 

26 

Titanium  oxide . 

Pg 

91 

(2 1  ) 

28 

White  lead! . 

Pg 

90 

(21) 

31 

Grav,  light . 

Pt 

49 

(2  1 ) 

32 

Gray,  medium . 

Pt 

30 

(21) 

33 

Pink,  light . 

Pt 

67 

(21) 

34 

Fj,  red-brown  § . 

Pt 

6.37 

(58) 

F2,  red-brown . 

Pt 

6.46  ! 

(58) 

N 

Substance 

A 

Lit. 

35 

Red . 

Pt 

13 

(21) 

36 

Venetian  red . 

Pg 

11 

(41) 

37 

Vermilion  (Amer.) . 

I  Pg 

14 

(41) 

38 

Burnt  sienna. . 

Pg 

11 

(41) 

39 

Chrome  yellow.  , 

Pg 

55 

(41) 

40 

Yellow,  light . 

Pt 

65 

(21) 

41 

Cream,  light. . . 

Pt 

74 

(21) 

42 

Chrome  green. . . . 

Pg 

20 

(41) 

43 

A,,  green  § . 

Pt 

32.0 

(58) 

A!(  green  § . 

Pt 

32.4 

(58) 

44 

Green,  dark . 

Pt 

12 

(21) 

45 

Green,  light . 

Pt 

47 

(21) 

46 

Cobalt  blue . 

Pg 

7 

(41) 

47 

Ci,  blue§ . 

Pt 

19.6 

(58) 

C2,  blue§ . 

Pt 

19.1 

(58) 

48 

Blue,  light . 

Pt 

61 

(21) 

49 

Blue,  medium . 

Pt 

36 

(21) 

50 

B],  red-purple  § . 

Pt 

24.8 

(58) 

B2,  red-purple  § . 

Pt 

24.6 

(58) 

Airship  fabric  (A1  coated) . . . 

33 

(20) 

Airship  fabric  (black  r.)|| _ 

6 

(20) 

Black  velvet . 

ca.  1 

(14,  83) 

Brown  soil . 

32 

(28) 

Green  leaves . 

ca.  25 

(2,  14,  28) 

Ink  (various  kinds) . 

1  to  4 

(50) 

Paper,  white . 

70  to  80 

(2,  28,  55,  83) 

Print . 

60 

(50) 

Science  abstracts.  . . . 

62 

(50) 

Azo^f  A  (matt) . 

72 

(50) 

Azolf  C  (glossy) . 

74 

(50) 

Plaster  (raw) . 

45 

(50) 

Plaster  (finished) . 

65 

(50) 

Cement  and  lampblack,  see  (84) 


*  Value  corrected  to  agree  with  A  =  98  %  for  MgCOa. 
t  Kaolin. 

X  Basic  carbonate. 

§  Camouflage  paint. 

||  Coated  with  black  rubber. 

If  Photographic  paper. 


Table  6. — Monochromatic  Albedo 

A\  =  Monochromatic  albedo  =  F\r /Fx;  FXr  =  total  flux  (in 
complete  hemisphere)  of  radiant  energy  of  wave-length  X  reflected 
from  a  plain  surface  coated  with  the  material  and  uniformly 
illuminated  with  radiation  of  wave-length  X,  the  total  radiant 
flux  of  this  X  incident  upon  it  being  F\.  Normal  incidence:  Pg  = 
powdered  pigment;  Pt  =  applied  paint;  b  =  black,  gn  =  green, 
gy  =  gray,  w  =  white,  y  =  yellow.  Same  system  of  key  num¬ 
bers  ( N )  for  Tables  5  and  6.  Additional  data:  Flowers  (®4), 
paints  (25),  pigments  (ultra-violet)  (17).  Unit  of  Ax  =  0.01  = 
1%;  of  X  =  1/u  =  10bl  =  10-<  cm. 


X 

0 . 2536 

0.3131 

0.3655  0.4047  0.4358 

N 

Material 

Ax  (56) 

1 

s 

7 

8 

18 

13 

ZnO . 

Pg 

2 

70 

93 

24 

Lithopone .  .  . 

Pg 

5 

70 

77 

95 

25 

Timonox . 

Pg 

5 

35 

60 

85 

90 

27 

Titanox . 

Pg 

5 

30 

80 

87 

28 

White  lead*.  .  . 

Pg 

5 

60 

75 

75 

90 

29 

White  leadf . 

Pg 

5 

17 

17 

70 

83 

*  Basic  carbonate, 
t  Sublimed. 


XOX-M FTALLIC  REFLKCTIX  IT\ 


m.i 


X 

0.44|  0  46 

0.50 

0.52  0  54 

0  56 

0  58 

0.60 

0 . 62 

0.64 

0  66 

(I  68 

(1  70 

0  74 

N 

Material 

.lx  40>  58 

9 

MgOJ . 

37 

Vermilion  (Amer.)§. 

Pg 

8 

<S 

5 

6  6 

9 

1 1 

24 

39 

53 

til 

GO 

(».) 

38 

Burnt  sienna  § 

Pg 

4 

4 

4 

5  (> 

9 

14 

18 

20 

21 

23 

24 

25 

39 

Chrome  yellow 

Pg 

5 

5 

8 

IS  48 

66 

75 

78 

79 

81 

Si 

SI 

81 

43 

At,  green 

Ft 

23 

28 

33  37 

36 

34 

28 

24 

21 

18 

16 

15 

13 

A 2.  green  j] . 

Ft 

22 

38 

45  |  36 

31 

27 

27 

27 

28 

39 

54 

67 

17 

50 

B,,  red-purple  . 

.  Ft 

27 

22 

21  21 

22 

26 

32 

32 

29 

27 

24 

23 

21 

B2,  rod-purple  [| . 

.  Ft 

28 

23 

22  23 

22 

24 

28 

31 

33 

43 

58 

70 

76 

47 

Ci,  blue || . 

.  Ft 

36 

29 

25  22 

19 

16 

14 

13 

12 

10 

9 

9 

9 

C2,  blue  [| . 

Ft 

37 

39 

28  IS 

15 

13 

13 

13 

14 

22 

37 

55 

71 

34 

Fi,  rod-brown  . 

Ft 

4 

4 

5  5 

5 

7 

9 

11 

10 

1 1 

10 

10 

9 

F2,  rod-brown|| . 

Ft 

5 

7 

5  5 

6 

6 

8 

8 

9 

14 

26 

42 

63 

J  Effect  of  thickness  (/)  of  MgO  applied  to  colorimeter  plate;  kind  of  plate  is 
not  stated  (5S) : 


t 

1  0.1 

0.35  | 

99  3 

100  0 

100  -'1 1  >]  1 1 r-  •'!  Rro»*n  • 

101.5 

100.0 

§  From  Sherwin  Williams  Paint  Co. 
||  Camouflage  paint  (58  i 


X 

0.6  0.95 

4.4 

1  8.8 

1  2[ 

N 

Material 

-lx  (14) 

5 

CaO . 

w  Fg 

85 

22 

1  4 

6 

6 

CojOj . 

S.v  Pg 

3 

4 

14 

13 

6 

7 

CrjOj . 

gn  Pg 

27 

45 

33 

5 

8 

8 

CuO . 

b  Pg 

24 

15 

4 

9 

MgO . 

w  Pg 

86 

16 

3 

9 

10 

PbO . 

Pg 

52 

51 

26 

10 

12 

ThOj . 

Pg 

86 

47 

1 

10 

13 

ZnO . 

y  Pg 

82 

86 

9 

3 

5 

13 

Zinc  oxide  Xo.  104*' . 

Ft 

68 

72 

15 

MgCOj . 

w  Fg 

8589 

11 

4 

9 

19 

Ft 

3 

3.4 

3.5 

3.8 

4.4 

19 

Lampblack  (various  flames) 

1.0 

1.0 

1.5 

4 

20 

Platinum  black,  paint... 

Ft 

2 

2.7 

5.9 

8.7 

12.1 

Electrolytic,  1  min.**.. 

1 

1.5 

25 

Electrolytic,  2  to  3  min.** 

1 

1 . 5 

11 

7.5 

Electrolytic,  3  min.  **  (65 ) 

1.5 

6 

7 

Electrolytic,  4  to  6 min.** 

1 

1.5 

n> 

4 

28 

White  lead  No.  103* 

Ft 

76 

79 

30 

Zinc  lead  white  Xo.  107* 

Ft 

70 

*  In  linseed  oil;  Sherwin  Williams  Paint  Co.’s  number. 

**  Electrolytically  deposited  or.  Pt  (14)  [on  Ag  (65)|  for  time  indicated. 
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TOTAL  (NON-SPECTRAL)  TRANSMISSION  OF  RADIATION 

John  W.  T.  Walsh  and  H.  Buckley 


Data  for  the  transmission  of  long  electric  waves,  X-rays  and 
gamma  rays  are  excluded  from  this  section;  for  the  rest  of  the 
spectrum  reliable  quantitative  data  for  the  total  transmission  arc 
available  for  only  a  very  few  substances.  For  spectral  trans¬ 


mission,  v.  p.  268  and  359. 
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SYMBOLS 

(v.  also  Vol.  I,  p.  16;  others  defined  where  used) 


/  [/']  Intensity  of  radiation  incident  upon  [transmitted  by] 
a  given  plate  of  material.  I  =  I\d\;  /'  = 

X  '*dx- 

1 1  [l\]  Luminous  intensity  of  I  [/'].  It  =  f:  .\\I\dX. 

P  Pressure. 

p  %  defect  in  polarization  =  100  w/s. 

S,  Intensity  of  light  scattered  by  the  substance  at  temper¬ 

ature  t. 

Sa  [*S<ss]  Intensity  of  light  scattered  by  air  at  t  =  0°C,  P  =  760 
mm  of  Hg  [by  liquid  (C2Hs)20  at  35°C], 
s  [re]  Strongest  [weakest]  plane  polarized  component  of  the 

scattered  light. 
t  Temperature,  °C. 

w  See  s. 

a  Absorption  factor  =  (7  —/')//  =  1  —  r;  at  =  1  —  n. 

Reflection  losses  taken  as  zero. 

0  Angle  observed  light  makes  with  incident  beam. 

8  [v>]  Angle  of  view  [of  incidence]  measured  from  normal  to 
surface. 

A  x  Visibility  factor,  h  =  f  A\I\ dX. 

•/o 

t  Transmission  factor  =  P/I',  t,  =  reflection  losses 

being  taken  as  zero. 

Table  1. — Transmission  Factor  for  Radiation  (r)  and  Light 
(tj)  from  a  Black-Body 

T  =  temperature  of  the  black-body  (°K);  x  =  thickness  of  trans¬ 
mitting  plate  (mm) 


T  |2400l:jfl00*|5000l2400tl3600*|5000t 


Substance* 

X 

lOOr 

100«i 

Lit. 

H2O,  Water . 

10 

22.5 

50 

69 

0.10 

0.08 

0.07 

(j>  2>  i4i 

100 

9 

.31.5 

54 

1.04 

0.84 

0.74 

(•> 2- »«) 

SiO*.  Quartz . 

in 

90 

98.5 

99 

Practically 

zero 

(13) 

100 

84 

95 

98 

Practically 

zero 

(!3) 

MaCl,  Rock  salt . 

Very  great 

Practically 

zero 

(13) 

KC1,  Sylvito . 

V 

■ry  (treat 

Practically 

zero 

(13) 

CaKj,  Fluorite . 

Very  great 

Practically 

zero 

(13) 

Glass,  Crown  § . 

10 

85 

91 

97 

1.35 

1.38 

1.40 

100 

65 

74 

80 

12.5 

12.6 

12.7 

Glass,  Light  flint  § . 

10  86 

92 

97 

1.22 

1.25 

1.28 

100  Inn 

75 

80 

114 

11.5 

11.7 

*  Corresponds  to  plain  carbon  arc. 

f  Corresponds  to  W-filament  vacuum  lamp  at  9  lumens  per  watt, 
t  White  light;  approximately  noon  sunlight.  §  Typical  data. 


Color  Filters  for  Photometry  of  Black-Body  Sources 

Suitable  dilutions  of  stock  solutions  A  and  B  may  be  used  to 
produce  a  color  match  between  two  sources  which,  in  the  visible 
spectrum,  radiate  approximately  like  black-bodies  (19). 

Stock  A,  yellow:  100  g  CoSO«(NH<)2S04.6HjO  +  0.733  g 
K2Cr2C>7  +  10  cm3  HNOj(d  =  1.05)  +  II20  to  make  1  1  of 
solution.  Stock  B,  blue:  50  g  NiS04(NH4)2S04.6H20  +  10  g 
(NH2)4S04  +  55  cm3  XH4OH  (d  =  0.90)  +  H20  to  make  1  1 
of  solution.  Stock  A  is  to  be  diluted  with  H2Oj  stock  B  with  a 
solution  of  10  g  (NH4)*S04  in  1000  cm3  H20.  For  transmission,  v. 
Figs.  1  A,  1  At,  and  IB. 


Source:  Carbon  filament  lamp  at  4  watts  per  candle.  Solution  is  1  cm  thick. 
Unit  of  concentration  (C)  =  1  cm3  stock  per  100  cm3  of  solution.  C-l  [W-1J  = 
carbon  [tungsten]  filament  lamp;  w.  p.  h.  c.  =  watts  per  horizontal  candle; 
w.  p.  m.  s.  c.  =  watts  per  mean  spherical  candle. 

A.  Multiplication  factor  for  solution  -4  at  20°C.  Iu  [/**]  =  luminous  inten¬ 
sity  of  source  x  [of  standard  C-l  at  4  w.  p.  c.];  in  section  S  [X],  filter  is  in  front  of 
standard  [of  source  x].  For  S,  t{  =  Tlx/ 1  u  and  logio  tx  =  —  0.245(0. 01C)0*9;  for 
X,  rt  =  I  u/ 1  lx  and  logio  rz  =  —  0.366(0. 01C)1*08.  Color  match:  a  =  Hefner 
lamp,  b  —  Pentane  lamp,  c  =  W-l  at  1.25  w.  p.  h.  c.,  d  =  W-l  at  0.65  w.  p. 
m.  s.  c. 

At.  Variation  of  transmission  factor  (rf)  of  solution  A  with  temperature. 
Ordinates  are  (tj)i0/(t|)  20°. 

B.  Transmission  factor  (rz)  of  solution  B  at  20°C.  tj  is  practically  inde¬ 
pendent  of  temperature;  logio  ri  =  —  0.539(0.01  C)103.  Color  match:  a  *=  W-l 
at  0.5  w.  p.  m.  s.  c.,  b  =  W-l  at  0.65  w.  p.  m.  s.  c.,  c  =  W-l  at  1.0  w.  p.  h.  c.» 
d  =  W-l  at  1.25  w.  p.  h.  c.,  e  =  C-l  at  3.1  w.  p.  h.  c. 


Diffusing  Materials 

On  transmission  through  a  plate  of  diffusing  material,  such  as 
opal  glass,  light  is  scattered  in  all  directions;  the  apparent  bright¬ 
ness  of  the  second  surface  depends  on  (a)  the  material,  its  thick¬ 
ness,  and  the  state  of  its  surface;  ( b )  the  angle  of  incidence  of  the 
light;  (c)  the  angle  of  view,  and  the  relation  between  the  plane  of 
incidence  and  that  of  the  direction  of  view. 

The  first  (a)  is  so  dependent  on  small  variations  in  manufacture 
that  only  typical  data  can  be  given  (4>  21>  27);  see  Figs.  2,  3. 


TR  A  NS  MISS1VITY.  T( )T  A I . 


2ho 


In  general  log,0  r(  =  ax6,  where  x  is  the  thickness  and  a  and  6  arc 
constants  of  the  material;  for  a  certain  opal  glass  (12)  a  =  —0.282 
and  b  =  0.80  if  unit  of  x  is  1  mm. 


Fig.  2. — Diffuse  transmission:  Variation  of  brightness  with  angle  (fl) 

of  view  (2T). 

Opal  glass;  incidence  normal  (< <p  =0). 


Fio.  3. — Diffuse  transmission:  Variation  of  brightness  with  angle  ( <p ) 

of  incidence  (39). 

Opal  glass;  angle  of  view  normal  ( 0  =  0).  Curve  A  is  for  rough  (depolished) 
and  li  is  for  polished  glass. 

Table  2. — Absolute  I  ntensity  ok  Light  Scattered  Laterally 
by  Dust-free  Gases  and  Liquids 

Ii,[I u 3]  =  Luminous  intensity  of  incident  light  [of  light  scattered 
at  angle  d  to  the  incident  beam];  v  =  volume  of  the  gas  which 
participates  in  the  scattering;  V.  P.  =  pressure  of  saturated 
vapor;  tr ,  P,  =  critical  temperature  and  pressure.  If  d  =  90°, 
1 10  =  KvI  ii. 


Unit  of  R  =  1  cm  *;  of  P  =  1  mm  of  Hg;  of  X  =  1  A  =  10-8  cm; 

t  is  °C 


Substance 

t 

P 

b 

R 

Lit. 

Air,  gas . 

Ik* 

760 

3030 

3.65  X  10"' 

(5) 

Ir* 

760 

3340 

2.70  X  IO"8 

(5) 

A,  gas . 

27 

760 

4358 

1.34  X  IO"8 

(••  7) 

COj,  liquid . 

30.5 

V.  P. 

5400 

2.79  X  10~< 

(3) 

It 

Pt 

6400 

9.76  X  10~4 

*  Temperature  not  stated;  probably  room  temperature. 


Table  3. — Intensity  Relative  to  Air,  of  Light  Scattered 
Laterally  by  Dust-free  Gases 

(For  absolute  values,  r.  Table  2;  for  polarization  of  scattered 
light,  v.  Table  4.) 


Pressure  (P)  =  ca.  1  atm.;  room  temperature;  d  =  90°;  .S’  [.S'a]  = 
intensity  of  light  scattered  by  the  gas  [by  air]  under  same  con¬ 
ditions  of  t  and  P. 


Method  and 
(C,H6),0.  (b) 

(37,  40). 

source  of  light:  (a)  Visual:  C-arc 
Photographic:  Hg-arc  (7i  40); 

(40)  for  II  and 
sun  (41);  C-arc 

Gas 

S/So 

Lit. 

Gas 

s  So 

Lit. 

Air . 

1  00 

() . 

0.93* 
1 5 
3.40 

2  0° 

(7) 

A . 

0 . 79 

(7) 

(7-  40) 
(37) 

(") 

Xe 

1  1 

H, . 

0.23 

X  ,< ) 

(40) 

He . 

0.017 

COj 

(7i 

(40  i 

Kr . 

1 .95 

(CjHj)jO . 

26 . 8 

N . 

1 .02* 

(7) 

*  Adjusted;  recorded  values  are  <  1  for  both  N  and  O. 


Table  4. — Polarization  of  Light  Scattered  Laterally  by 
Dust-free  Gases  and  Vapors 
(For  intensity  of  scattered  light,  r.  Table  3;  for  variation  with  t 
and  P,  see  Table  6.) 

Pressure  (P)  =  ca.  1  atm.;  room  temperature;  d  =  90°;  B.  P. 
temperature  just  above  the  boiling  point;  p  -  c[  defect  in  polari¬ 
zation  =  100  w/s.  Values  by  different  observers  may  differ  in 
ratio  of  2  to  3. 


Method  and  source  of  light:  (a)  Visual:  Sun  (8>  9,  io,  16,  26,  29, 
30,  33,  34 C-arc  40  for  CjH(  *0.  (6  Photographic:  Hg-aro 

(40);  sun  (io,  n,  17,  26);  tungsten  arc  (36);  C-arc  (37,  40). 


Gas 

P 

Lit. 

Air . 

4.3 

(10,  30,  36, 

A . 

0.50* 

(11,  37) 

II  ■ . 

3.7 

(10,  30,  36) 

He . 

<6.5 

(37) 

Kr . 

0.55 

(") 

Nj . 

3 . 6 

(10,  17,  36) 

Ne . 

<1.0 

01) 

O-i . 

8.9 

(10,  17,  30,  36) 

Xe . 

0.55 

(") 

HC1 . 

1.0* 

(34) 

I12S . 

1.0* 

(34) 

NO . 

2.6 

(10) 

NjO . 

15.0 

(10,  1  7,  26,  30,  36) 

NIL,  . 

1.0* 

(17,  34) 

CO . 

3.4f 

(10,  34,  40) 

COj . 

11.0 

(10,  1  7,  26,  30,  36  ) 

Vapor 

1  t,  °C 

V 

1 

Lit. 

CCL,  Carbon  tetrachloride.  .  .  . 

.  .  ./?.  P. 

2 

5 

(16,  29,  40 

) 

CS2,  Carbon  disulfide . 

B.P. 

15 

.0 

(8,  16,  26, 

40) 

CHClj,  Chloroform . 

.  .  .  B.  P. 

3 

2 

(16,  26,  29 

,  40) 

CIL,  Methane . 

...  20 

1 

5 

!  (*) 

CH«0,  Methvl  alcohol . 

.  .  B.  P. 

2 

.  7 

:  (16) 

CjNj,  (N’anogen . 

.  .  20 

12. 

0 

1  (40) 

C2II4,  Ethvlene . 

.  .  .  20 

3 

0 

(<°) 

C 2 II 4O 2,  Methvl  formate  . 

B.P. 

4 

6 

!  (16) 

C2H«,  Ethane . 

.  20 

1 

6 

1  (9) 

CjH«0,  Ethyl  alcohol . 

. . .  B.  P. 

1 

/ 

(,e) 

C  112*.  Allyl  alcohol 

. . .  B.  P. 

5 

9 

(16) 

C,H«0,  Acetone . 

.  .  .  B.  P. 

4 

8 

(t6) 

C,Hi)Oj,  Ethyl  formate 

. .  .  B.  P. 

3 

3 

(,6) 

CjH«Oj,  Methyl  acetate 

...  jB.  p. 

4. 

8 

(16) 

C,IL.  Propane . 

. . .  20 

1. 

6 

(9) 

CjH.O,  n-Propvl  alcohol 

.  .  .1  B.  P. 

2 

0 

(16) 

CjHsO,  Isopropyl  alcohol 

. . .  1  B.P. 

1 

9 

(16) 

*  Correction  for  non-parnllclifirn  of  incident  light  reduces  ;»  to  about  O  '*  for 
HC1,  IDS,  and  NHi,  and  to  0.25  for  A;  it  is  suggested  that  f--r  A.  »  is  net  ially 
*ero  (34). 


t  By  (i«)  p  -  1.7  for  CO. 
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Table  4. — ( Continued ) 


Vapor 

1  6  °C 

V 

Lit. 

Vapor 

1  t,  °C 

V 

Lit. 

CiILO,  Methyl  ethvl  ketone 

B.P. 

4.4 

(16) 

C5H12,  Isopentane . 

.  .  I  22.5 

1.2 

I9) 

('.1ILO2,  Propyl  formate 

B.  P. 

3.5 

(1®) 

CcH5Br,  Broinobenzene 

.  .  B.  P. 

7.8 

(!6) 

< '4HB02,  Ethyl  acetate . 

B.  P. 

3.4 

(16) 

CgHsCI,  Chlorobenzene. 

.  B.  P. 

7.8 

(16) 

( '<11  m,  «- Butane . 

20 

1  .7 

(9) 

C,IL„  Benzene . 

B.  P. 

6.9 

18,  16,  26,  30, 

(\HioO,  n- Butyl  alcohol . 

..j  B.P. 

2.8 

(16) 

32,  40) 

C4H10O,  Isobutvl  alcohol 

.  .  .  B.P. 

1.8 

(!6) 

CbH12,  Cyclohexane . 

.  .  20 

1 . 1 

(33) 

C411  loO,  Ethyl  ether . 

.  .  .  B.P. 

3.0 

(16,  26,  29,  30, 

C6H14,  rt-Hexane . 

B.  P. 

3.3 

(16) 

40) 

28.5 

1.5 

(9) 

CJ1  2- Met li\ ■  1-2-butene . 

.  .  .  B.  P. 

6.1 

(16) 

C7Hs,  Toluene . 

.  B.  P. 

6.4 

(16) 

C5H10O,  Methvl  propvl  ketone. 

.  . .  B.P. 

3.2 

(16) 

C7H1,,,  Heptane . 

B.  P. 

3.1 

(16) 

C.,ILo02,  Propyl  acetate . 

. . .  B.P. 

3.2 

(16) 

CkH10,  wi-Xvlene . 

B.  P. 

6 . 7 

(16) 

C6IIi  »,  n- Pentane . 

. . .  B.  P. 

3.0 

(16,  30  ) 

CgHig,  Octane . 

.  B.  P. 

2.7 

(16) 

1  22.5 

1.2 

(9) 

1 

Table  5. — Relative 

Intensity 

AND 

Polarization  of 

Light  Scattered  Laterally 

by  Dust- 

free  Liquids 

(For  variation  with  temperature  and  pressure,  v.  Table  6.) 

d  =  90°;  S  [5.]  =  intensity  of  light  scattered  by  the  liquid  [by  liquid  (C2Hs)20  at  same  temperature]  IF,  R,  G,  B  =  white,  red, 
green,  blue;  subscript  i  [s]  indicates  color  filter  is  in  incident  [in  scattered]  light  (if  liquid  does  not  fluoresce  the  value  for  i  =  that 
for  s).  Temperature:  18°C  (8.  18.  22,  23,  24)(  30°C  (20,  35)(  20°C  (25),  35°C  (29).  Method  and  source  of  light:  (a)  Visual:  Sun 
(8,18,  20,  35,  41),  C-arc  (22),  W-arc  (23,  24,25).  (ft)  Photographic;  Sun  (2  9). 


Substance 

s/s. 

1 

Lit. 

P  = 

%  defect 

in 

polarization 

= 

lOOw/s 

11 

Lit. 

I 

u 

R 

R 

Gi 

G. 

Bi 

B 

Lit. 

lit).  Water . 

0 

20 

(20, 

24, 

2  9) 

9 

0 

(8,  18,  20,  23, 

29  ) 

9 

6 

8 

5 

11 

8 

7 

9 

9 

5 

14 

5 

9 

9 

(20) 

SO2,  Sulfur  dioxide . 

1 

70 

(22) 

22 

0 

(22) 

CCL,  Carbon  tetrachloride . 

1 

10 

(2  0, 

29) 

9 

0 

(8,  20,  29) 

CS2,  Carbon  bisulfide . 

14.0 

(20, 

24, 

29) 

70 

(8,  15,  20,  24, 

29,  35) 

69 

68 

5 

70 

71 

73 

(20) 

CHCL,  Chloroform . 

1 

40 

(20, 

29) 

20 

0 

(20,  23, 

29) 

CH2C12,  Methylene  chloride . 

1 

24 

(2  0) 

31 

(20) 

CH202,  Formic  acid . 

1 

22 

(20) 

55 

(20) 

CILO,  Methyl  alcohol* . 

0 

56 

(20, 

24, 

29) 

8 

0 

(20,  22, 

29) 

8 

2 

6 

0 

8 

0 

12 

6 

7 

4 

(20) 

CTEBr^,  Ethylene  bromide . 

3 

42 

(20) 

61 

(20) 

C2H4CL,  Ethylene  chloride . 

1 

44 

(20) 

36 

(20) 

C2H40,  Acetaldehyde' . 

0 

89 

(20) 

20 

(20) 

20 

0 

38 

9 

19 

4 

21 

6 

19 

0 

(20) 

C2H402,  Acetic  acid . 

1 

19 

(20) 

47 

(20) 

47 

47 

47 

18 

48 

(20) 

C2H.,02,  Methyl  formate . 

1 

09 

(20) 

28 

1 

(20) 

C2H5Br,  Ethyl  bromide . 

1 

58 

(20) 

25 

0 

(20) 

C2HdS,  Methyl  sulfide . 

1 

22 

(20) 

12 

9 

(20) 

C2H60,  Ethyl  alcohol . 

0 

60 

(20, 

24, 

29) 

7 

3 

(20,  24, 

29) 

6 

8 

5 

3 

7 

1 

10 

5 

6 

8 

(20) 

CsHjBr,  Allvl  bromide . 

3 

10 

(20) 

59 

(20) 

(LHsCl,  Allyl  chloride . 

1 

47 

(20) 

36 

(20) 

CjHcO,  Allvl  alcohol . 

1 

22 

(20) 

29 

3 

(20) 

29 

3 

29 

6 

29 

4 

34 

31 

38 

37 

(20, 

CsHsO,  Acetone  f . 

0 

81 

(20) 

26 

(20,  35) 

CsHeOj,  Propionic  acid . 

1 

24 

(20) 

41 

(20) 

41 

41 

42 

42 

41 

5 

49 

47 

(20) 

C3H0O0,  Ethyl  formate . 

1 

00 

(20) 

22 

1 

(20) 

22 

1 

21 

3 

21 

6 

20 

7 

19 

6 

(20) 

(LHjBr,  Propyl  bromide . 

25 

0 

(20) 

C3H7CI,  n- Propyl  chloride . 

1 

34 

(20) 

16 

3 

(20) 

C3H7CI,  Isopropyl  chloride]: . 

1 

38 

(20) 

16 

2 

(20) 

C,H80,  n-Propyl  alcohol . 

0 

66 

(20, 

24) 

8 

0 

(20,  24) 

7 

6 

7 

1 

9 

9 

11 

0 

7 

2 

(20) 

CsHsO,  Isopropyl  alcohol . 

0 

60 

(20) 

7 

2 

(20) 

7 

2 

5 

0 

6 

7 

10 

7 

7 

2 

(20) 

C4ILO3,  Acetic  anhydride . 

1 

01 

(20, 

43 

(20) 

C\HgO,  Methyl  ethyl  ketonet . 

0 

80 

(20) 

17 

4 

(20) 

17 

4 

16 

6  18 

1 

25 

5 

18 

2 

(20, 

C4H802,  Butyric  acid . 

1 

19 

(20) 

40 

(20) 

40 

36 

39 

41 

5 

44 

68 

55 

(20) 

C4H802,  Propyl  formate . 

0 

94 

(20) 

21 

0 

(20) 

21 

0 

21 

021 

1 

18 

1 

20 

4  18 

6 

17 

7 

(20 

CgHsOj,  Ethyl  acetate . 

0 

95 

(20, 

22) 

23 

0 

(20,  22) 

C4H9Br,  Isobutyl  bromide . 

26 

4 

(20) 

C4HaCl,  Isobutvl  chloride . 

1 

59 

(22) 

17 

0 

(20,  22) 

C4H10S,  Ethyl  sulfide . 

1 

33 

(20) 

18 

2 

(20) 

C4H10O,  n-Butyl  alcohol . 

0 

65 

(20) 

11 

5 

(20) 

11 

5 

9 

3  11 

0 

14 

9 

11 

0 

(20) 

C4H10O,  Isobutvl  alcohol . 

0 

76 

(20, 

24) 

10 

0 

(20,  24) 

11 

2 

7 

3  11 

8 

16 

3 

9 

0 

(20) 

C4II10O,  tert.-Butvl  alcohol . 

0 

69 

(20) 

6 

2 

(20) 

6 

2 

4 

1 

5 

8 

9 

2 

5 

6 

(20, 

C4H10O,  Ethyl  ether . 

1 

00 

9 

0 

(15,  20, 

24,  29 

,  31) 

9 

1 

8 

0 

9 

3 

8 

3 

8 

9 

10 

9 

8 

8 

(20) 

CiH10,  2-Methvl-2-butene . 

1 

54 

(20) 

25 

8 

(20) 

CjHiuO.  Diethyl  ketone f . 

1 

06 

(20) 

36 

(2  0) 

36 

18 

0 

36 

0 

78 

24 

9 

(2°) 

TRANSMISSIVITY,  T(  )T  A I 


•Jt'.T 


Substance 

s/s. 

Lit. 

TV 

p  =  %  defect 
Lit:  1 

in  polarization  =  lQOtr 
W  |  R%  1  i?i  j  Gi  | 

B, 

B. 

Lit. 

C4H10O,  Methyl  propvl  ketone . 

19.6 

(20) 

C31 1 ; o<  >2.  l’ropvl  acetate . 

0.95 

(20) 

21.7 

(20) 

CjH  i2,  n- Pentane . 

1 . 25 

(20,  41) 

7 . 5 

(20,  23) 

('■.II 12,  Isopentane . 

1.06 

(20) 

5.6 

(20) 

CiHitO,  dLAmyl  alcohol . 

0.74 

(20) 

11.9 

(20) 

119 

9.8 

12.5 

27  9  10. 8 

(20 

C6H120,  Isoamyl  alcohol . 

0.84 

(24) 

9.0 

(15) 

CsHjBr,  Bromobenzene . 

4.92 

(20) 

65 

(20) 

(’elliCl,  Chlorobenzene 

4.1 

(20,  24) 

54.0 

(20,  22,  23,  24) 

58 

57  5 

58  6 1 

61 

56 

55 

(20  , 

CjHgNOj,  Nitrobenzene  . 

10.5 

(20) 

70.0 

(20,  23,  38) 

C(He,  Benzene . 

3.2 

(20,  24,  29, 

48.0 

(8,  15,  18,  20,  24,  25, 

47 

47 

47  48 

48 

50 

51 

20) 

32) 

29,  32) 

CcHjN,  Aniline  § . 

3.42 

(20) 

60 

(20) 

Cr,H  10O3,  Propionic  anhydride . 

1.41 

(20) 

44 

(20) 

C«H|2,  Cyclohexane . 

0.87 

(24) 

8.0 

(24) 

Cr.Il  14,  Hexane . 

1 .05 

(24) 

10.0 

(20,  24) 

C7H5N,  Benzonitrile . 

65.0 

(38) 

C  ’ 7 1 1 gCl,,  Benzal  chloride . 

3.21 

(20) 

55 

(20) 

55 

52 

55 

71 

53 

(20) 

C7H7CI,  Benzyl  chloride . 

3.50 

(20) 

58 

(2  0) 

58 

56 

61 

73 

54 

(20) 

C7H7XO,,  o-Nitrotoluene§. 

9.4 

(20) 

82 

(2°; 

C7H7XO2,  m-\it.rotoluene§ . 

9.8 

(20) 

83 

(20) 

C7H,,  Toluene . 

3.5 

(20,  24,  29) 

51.0 

(15,  20,  24,  29) 

52 . 5  52 . 5 

52  55 

51 

57 . 5 

59 

(20) 

C7H80,  Benzyl  alcohol . 

2.93 

(20) 

65 

(20) 

65 

62 

63 

67 

66 

(20) 

C7H1S,  Heptane . 

1.00 

(20) 

11.0 

(20,  25) 

CgHio,  Ethylbenzene . 

3.18 

(20) 

53 

(20) 

53 

54 

53  53 

55 

53 

59 

(20) 

C8H,0,  o-Xylene . 

4° 

(20) 

40 

40 

38 

42 

41 

,20) 

C,II,o.  m-Xvlene . 

3.87 

(20) 

57 

(20) 

57 

56 

60 

64 

61 

20 

CHLo,  p-Xylene . 

4.61 

(20) 

66 

(20) 

66 

66 

67 

67 

68 

(20) 

C8Hio,  o~,  m~,  p-Xylene! . 

3.55 

(24) 

52.5 

(24) 

C8H|602,  Isobutyl  butyrate . 

1.35 

(22) 

17.3 

(22) 

CgH  l8,  Octane . 

0.96 

(20) 

12.9 

(20) 

O9H10O2,  Ethyl  benzoate . 

1 5  .*) 

(22) 

55 

(22) 

C 10II 7CI,  a-Chloronaphthalene . 

18.2 

(22) 

78 

(22) 

CioHs,  Naphthalene . 

v.  Table  6 

SiCL,  Silicon  tetrachloride. 

1.13 

(20) 

5.8 

(20) 

*  I.iquid  became  dark  brown,  f  Showed  tendency  to  decompose.  J  Background  not  perfect.  §  Not  quite  free  from  dust  particles.  Mixture  of  xylenes 


Table  6. — Intensity  and  Polarization  of  Lioht  Scattered 
by  Dust-free  Liquids  and  Vapors:  Variation  with 
Temperature  and  Pressure 

Sat.  vap.  =  saturated  vapor;  Unsat.  =  unsaturated  vapor; 
G  =  vapor  above  critical  temperature;  G,t  =  G  at  constant  density, 
d;  V.  P.  =  pressure  of  saturated  vapor;  St,  [.S0],  [.S'e3s]  =  intensity 
of  light  scattered  by  the  gas  at  f,°(\  P  =  1  atm.  [by  the  gas  at  0°C 
and  P  =  1  atm.],  [by  liquid  (C2H6)jO  at  35°C];  p  =  %  defect  in 
polarization.  Unit  of  P  =  \  atm. 

CO,  (28) 


p |  s,/s o  i  I,  °C  1  tSb/.So  1  P  S,/So  p 


G,  t  =  35°C 

Gd,  d  =  0.320 

Unsat,,  t  =  30°C 

61 

290 

40 

1 

620 

68 

1  078 

67 

680 

50 

1 

HU 

Sat.  vap. 

72 

1  170 

Unsat.,  t  =  30°C 

t,  °C 

St/So 

P 

77.5 

3  200 

P 

St/ So 

P 

5 

102 

81 

4  230 

15 

22 

10 

195 

87 

1  750 

20 

33 

15 

347 

5.8 

91 

1  430 

30 

54 

9 

20 

567 

4 

40 

83 

8 

24 

1  030 

Gd,  d 

=  0.320 

50 

140 

6 

25 

1  190 

3 

t,  °C 

S,/So 

55 

197 

26 

1  890 

32 

1 

60 

307 

4.5 

28 

3  560 

35 

2  730 

65 

665 

4 

30 

8  000 

1.5 

C  O ,. — (Conti  1 1  lint) 


Liquid 


t,  °C 

P 

I  Si/S. 

P 

5 

V.  P. 

360 

10 

V.  P. 

480 

14  j 

15 

V.  P. 

680 

10 

15 

51 

663 

15 

68 

522 

15 

76 

470 

15 

82 

428 

20 

V.  P. 

990 

8 

20 

80 

10 

20 

92 

13 

23 

V.  P. 

1  280 

25 

V.  P. 

1  880 

5 

25 

V.  P. 

2  100 

25 

68 

1  650 

25 

74 

1  200 

25 

83 

778 

25 

90 

9 

25 

92 

600 

27 

V.  P. 

2  950 

3 

29 

V.  P. 

6  200 

3 

30 

V.  P. 

11  oco 

30.5 

V.  P. 

22  500 

30  5 

72.5 

5  480 

30.5 

76.5 

2  61C 

30.5 

84.0 

1  097 

30.5 

86.5 

940 

31 

V.  P. 

35  000 

C,H n,0,  Ethyl 

C4H 

oO. 

— (C  ont'd) 

ethe 

r  ;!1 

Sat. 

vap 

* 

t,  °C 

S t /  S,3i 

t,  ° 

c 

s, 

/St  *4 

G 

186. 

5 

21 

194 

378 

190 

42 

196 

172 

191 

63 

198 

126 

Lie 

|uid 

200 

84 

t,  °C 

s, 

l  ^ 

202 

64 

33 

1 

.  00 

8 

212.5 

27 

61 

1 

.23 

8 

217 

21 

80 

1 

.85 

i 

91 

1 

.  90 

Sat. 

vap.* 

104 

2 

.3 

7 

t,  °c 

*S  t  Sf as 

125 

3 

.0 

!  7.5 

33 

0 . 038 

139 

3 

.8 

5 

54 

0.075 

145 

4 

.9 

3 

75 

0.150 

153 

6 

.3 

1  7 

91 

0.22 

170 

12 

.0 

l  7 

108 

0.45 

179 

22 

123.5 

0.71 

I  86 

38 

1  3 

144.5 

1.31 

190.5 

82 

1  3 

164 

2.7 

•  From 

-  160  In 

170.5 

2tK)  <  . 

V  VHrHf  f 

OR)  1  3 

3.9 

to  1.0 

no 

rhnng*'  in 

179.2 

9.1 

panning 

t  hrough 

critical 

183.5 

13.0 

trrnpor: 

»turr 

2GS 


INTERNATIONAL  CRITICAL  TABLES 


C:H.; 

,n-Pentane( 

41) 

C 

H 

12- - 

(f  ant'd) 

Cf.Hr,. — 

( Cant'd ) 

t,  °C 

1  S,/ 

0,36 

V 

t.  ° 

c 

St/ 

*8,3  6 

/ 

t,  °C 

St/ 

*8,3  6 

V 

( 

i 

Liquid 

Liqui 

d  (32) 

200 

48 

5 

36 

.5 

1 

.61 

7 

2 

35 

3 

2 

43 

203 

30 

8 

80 

7 

2 

125 

3 

67 

32 

210 

20 

8 

86 

6 

2 

.84 

6 

7 

182 

5 

48 

19 

214 

15 

2 

103 

.8 

3 

.40 

205 

7 

21 

14 

117 

0 

4 

.25 

5 

2 

228 

11 

0 

9.5 

128 

0 

5 

.36 

5 

2 

268 

20 

5 

3.0 

138 

0 

6 

.37 

283 

102 

2.8 

148 

6 

8 

18 

1 

7 

Sat. 

vap 

156 

8 

9 

10 

1 

5 

87 

0 

235 

173 

1 

5 

125.2 

0 

73 

137 

1 

20 

t,°  C 

SJ 

*?  20 

P 

145 

1 

95 

2 

.5 

Liquid  (25) 

149 

2 

10 

0 

49  f 

154 

2 

42 

Cr.Hf,,  Benzene 

5 

48 1 

155.4 

2 

66 

Sat.  vap.  ( 

12) 

10 

48 

167 

3 

90 

2 

.0 

35 

7. 

2 

20 

1 

00 

49 

172 

5 

88 

100 

6. 

2 

100 

1 

33 

39 

183 

13 

4 

i 

.5 

182 

0 

95 

3. 

5 

200 

2 

40 

15.4 

187 

17 

8 

204 

1 

56 

3. 

4 

250 

6 

0 

6.1 

189 

22 

1 

228 

3 

00 

2 

5 

260 

10 

7 

4.5 

190.5 

23 

3 

247 

4 

9 

2 

0 

270 

19 

4 

2.5 

193 

30. 

8 

267 

11 

9 

i . 

5 

280 

62 

0 

1.5 

196 

70. 

8 

i 

5 

280 

0. 

9 

tUnder-coolod. 

t  M.P. 

C7H16,  Heptane 

CjHis- — ( Cant’d ) 

CioHs, 

Xaphthalen 

°C  i  S,/SM 

V 

t,  °c 

S,/S,o  1 

V 

t,  °C  [ 

St/Sao\  P 

Liquid  (2S) 

Liquid  (25) 

Liquid  (2S) 

20  1 . 00 

12.7 

240 

10.1 

2.0 

80 

1.00  71.0 

100  1  30 

10.0 

250 

13.4 

1.7 

200 

1.04  63.5 

200  3.97 

3.8 

260  § 

16.8 

1.65 

300 

1.30  41.0 

225  |  6.8 

2.6 

270§ 

28. 1 

1 . 55 

§  At  critical  temperature  St/Sto  is  very  great. 
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(For  a  key  to  the  periodicals  see  end  of  volume) 
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SPECTRAL  ABSORPTION  OF  LIGHT  AND  HEAT  BY  PURE  INORGANIC  SUBSTANCES 

AND  MISCELLANEOUS  MATERIALS  (NONMETALS) 

Jean  Becqueiiel  and  J.  Rossignol 


Order  of  Substances. — Atmospheric  air,  elementary  substances, 
pure  inorganic  compounds,  minerals  of  variable  composition. 


Absorption  of  Atmospheric  Air 

w  =  equivalent  thickness  of  liquid  H20  in  a  column  of  air  117  m 
long  (P  =  1  atm.,  t  <  40°C)  =  volume  of  liquid  H20  obtained  by 
condensing  the  H20  vapor  contained  in  a  column  of  air  of  unit 
sectional  area  and  117  m  long.  0  =  opacity  of  the  atmosphere 
(source  of  light  at  zenith)  =  /<//„;  Ii[I0]  —  intensity  of  radiation 
beyond  atmosphere  [at  surface  of  earth].  /  =  /Oe-A:i(lo)n;  l  = 
length  of  path  in  which  intensity  is  reduced  from  7o  to  I.  All  7's 
refer  to  radiant  energy,  not  to  its  visibility. 

Unit  of  ft(10)n  -  1  cm-1;  of  7  =  1  cm;  of  w  —  1  cm;  of  X  =  1m  = 
104A  =  1CT4  cm. 


X 

1  & 

w 

0.008 

0.082 

Dry  air  (»2), 

w  =  0,  n 

=  -3 

* 

k 

k 

0.186 

\  4.82  | 

3.2 

to  4.0 

2.1 

3.95 

Moist  air 

(7),  n  = 

-5 

4.0 

to  4.9 

3.3 

5.9 

w 

0.008  | 

0 . 082 

4.9 

to  5.4 

1.7 

4.7 

\ 

1  k  1 

k 

5.4 

to  5.9 

5.4 

16 

n,  j 

5.9 

to  6 . 4 

8.7 

30 

1.3  to  1.75 

0.54 

1.7 

6.4 

to  7.0 

9.8 

30 

1 . 75  to  2 . 2 

1.25 

2.9 

7.0 

to  8.0 

2.5 

8.3 

2.2  to  3.2 

2.3 

4.5 

Moist  air  (7),  n  =  —  5 


w 

0.003 

0.03 

0.3 

3.0 

X 

k 

k 

k 

k 

3  to  4 

0.9 

3.05 

5.9 

12 

4  to  5 

1.4 

5.1 

10.3 

26 

5  to  6 

1.5 

4.8 

9.2 

26 

6  to  7 

5.1 

16 

26 

>40 

7  to  8 

1.2 

4.7 

16 

>40 

8  to  9 

<  0.1 

0.17 

4.4 

5.9 

9  to  10 

<  0.1 

<  0.1 

<  0.1 

1.4 

10  to  11 

<0.1 

0.17 

0.44 

4.4 

11  to  12 

<  0.1 

<  0.1 

0.35 

0.9 

12  to  13 

<  0.1 

<  0.1 

1.2 

1.9 

13  to  16 

>40 

>40 

>40 

>40 

16  to  20 

20 

>40 

>40 

>40 

20  to  30 

10(?) 

14(?) 

20(?) 

>40 

30  to  40 

>40(?) 

>40(?) 

>40(?) 

>40 

40  to  50 

>40 

>40 

>40 

>40 

Opacity  of  atmosphere* 

(6) 

X 

Logio  0 

X 

Logio  O  X 

Logio  O 

0 . 2898 

6.36 

0.2931 

4.36 

0 . 2997 

2.22 

.2906 

5.78 

.2936 

4.12 

.3022 

1.77 

.2912 

5.39 

.2946 

3.73 

.3052 

1.40 

.2917 

5.08 

.2956 

3.33 

.3104 

0.99 

.2922 

4 . 82 

.2963 

3.10 

.3143 

0.84 

*  Average 

conditions,  no 

clouds,  value  of  w  is  not  indicated. 

SPECTRAL  ABSORPTION 


Absorption  of  Pure  Non-Metai.lic  Inorganic  Substances  and 

Minerals 

I  =  / l  =  length  of  path  in  which  intensity  is  reduced 
from  It  to  I;  I  and  /0  refer  to  radiant  energy,  not  to  its  visibility; 
d  =  density.  For  metals,  v.  p.  248. 

Lnit  of  A’(IO)’*  =  1  cm-1;  of  l  =  1  cm;  of  P  =  1  mm  of  Hg;of 
d  =  1  g  cm-3;  of  A  =  1/x  =  104A  =  10-3  cm;  t  is  °C. 


Br  124),  i 

=  16°, 

Br.— 

( Cont'il ) 

C.—  ( < ' ontimu  d ) 

P  =  66,  n 

—  _  2 

X 

k 

X 

k 

X 

k 

0.510 

51  ±1 

0 . 430 

11 

0 . 356 

10 

6+0.1 

.  557 

19.6  ±0.4 

.550 

<1 

.3641 

22 

4+0.2 

t  = 

620° 

.600 

3 

.3713 

38 

9  ±0 . 4 

0 . 344 

18.3  ±0.4 

.  3838 

75 

3  ±0.8 

.358 

37  6  ±  0 . 8 

C,  Graphite  (37)t 

.3900 

98 

±1 

.379 

74  ±  1 

0.430 

1455  ±25 

.4009 

129 

±1 

.395 

97  ±2 

.450 

1410  ±25 

.4070 

136 

+  1 

.420 

113  ±2 

.  500 

1305  ±25 

.421 

135 

±1 

.433 

113  ±2 

.550 

1225  ±20 

.433 

128 

±1 

.459 

97  ±2 

.600 

1155  ±20 

.449 

112 

±1 

.484 

71  •  1 

.650 

1110  ± 15 

.487 

76 

±4 

.530 

37 .9  ±  0 . 8 

.700 

1070  ±15 

.510 

57 

±3 

.  577 

16  3±0.3 

.526 

38 

±2 

C,  Amorphous  (30)t 

.546 

23 

±1 

C,  Diamond  (22)* 

0 . 430 

198.0  ± 1 .0 

.572 

12 

1  ±0.6 

0.226 

1477 

.450 

188.0 ± 1 .0 

.608 

3 

1  ±0.2 

.2316 

678 

.480 

174. 5  ±1.0 

t  = 

320 

O 

> 

.255 

74  ±  1 

.500 

166.0  ±1.0 

0.354 

21 

3  ±0 .4 

.275 

59  ±1 

.530 

155.5  ±1.5 

.377 

65 

±1 

.300 

43  ±1 

.550 

149.5  ±1.5 

.406 

115 

±2 

.320 

32  ±1 

.580 

141 .5  ± 1 .0 

.428 

122 

+  2 

.350 

21  ±2 

.600 

137.0 ± 1 .0 

.439 

115 

±2 

.380 

15  ±  1 

.630 

131 .5  ±0.5 

.471 

85 

-f  2 

.400 

12 

*  n  =  — 

2.  tn  =  +  3. 

o 

II 

o 

O 

=  760,  n  = 

_2 

X 

k 

(21) 

k 

(10) 

k 

(24) 

X 

k 

(21) 

k 

(i°) 

k 

(24) 

0.226 

62 

0 . 338 

568  ±  1 1 

.230 

62 

.340 

527 

.235 

62 

.346 

529  ±  10 

.245 

43 

.350 

477 

.250 

43 

.3525 

456  ±  9 

.254 

2.5 

.3593 

366  ±  7 

.255 

50 

.360 

422 

.260 

60 

.  365 

280  ±  6 

.  265 

12.8 

.366 

284 

.270 

80 

.370 

370 

.275 

93 

.373 

192  ±  4 

.280 

123 

77.1 

.380 

212 

.285 

157 

.381 

130  ±  2 

.289 

74.8 

.385 

158 

.290 

187 

.390 

183 

.295 

211 

.405 

277 

41.6 

.297 

278 

.410 

211 

.300 

300 

.411 

3.7  ±0. 1 

.303 

367 

.435 

117 

.310 

415 

.436 

17.1 

313 

571 

.472 

4.2 

3142 

129  ±  2 

.480 

2  1 

.3192 

225  ±  4 

.496 

1.05 

.820 

508 

.509 

0.47 

.321 

315  ±  6 

.545 

61 

.3238 

445  ±  9 

.546 

0.018 

327 

529  ±  10 

.579 

0.003 

.330 

560 

.580 

82 

.331 

565  ±  1 1 

.614 

0.51 

.334 

684 

.643 

0  41 

I,  Solid  (ib, 
r»  =  +3 


X 

k 

0.325 

318 

.360 

462 

.400 

466 

.440 

437 

.470 

384 

.510 

300 

.590 

120 

I,  Gas  (32),  n  =  -2 


t 

48° 

88° 

400° 

10  0(XW 

0.254 

2.5 

2.5 

X 

k 

k 

k 

0.440 

0.8 

.445 

4.0 

.450 

6.5 

19 

.455 

9 

23 

.460 

10 

13 

27 

.465 

12 

17 

32 

.470 

13 

22 

37 

.475 

15 

29 

45 

.480 

16 

40 

55 

.485 

17 

54 

64 

.490 

19 

64 

68 

.495 

20 

71 

71 

.500 

21 

75 

72 

.505 

20 

77 

71 

.510 

19 

76 

68 

.515 

16 

68 

60 

.520 

14 

52 

48 

.525 

13 

42 

38 

.530 

13 

36 

35 

.535 

13 

32 

34 

.540 

14 

29 

34 

.545 

14 

27 

33 

.550 

14 

26 

31 

.555 

15 

25 

29 

.560 

15 

24 

26 

.565 

14 

23 

23 

.570 

13 

22 

21 

.575 

11 

21 

20 

.580 

9 

20 

19 

.585 

8 

18 

20 

.590 

7 

16 

20 

.595 

14 

Nj(12),  t  = 
P  —  760,  n  = 
X  k 

0.186  109 

0°, 

—  5 

02(12),  t  = 

0° 

P  =  760,  n  = 

-3 

0.186 

20  6 

0.193 

3  35 

0 P 

=  7f)(1 

(t  + 

2731/27 

3,  n  = 

0(35 

t 

1220° 

1400° 

X 

k 

k 

0.210 

0.33 

0.73 

.220 

II  26 

0.50 

.230 

0. 19 

0.32 

.230 

0.13 

0.22 

.254 

0.06 

0.13 

t 

1580° 

1760° 

X 

k 

k 

0  210 

>4  5 

>4.5 

.220 

0.02 

1.77 

.230 

0.54 

0.97 

.230 

0  37 

0.67 

.  254 

0  21 

0  42 

o„ 

Ozone,  l 

=  0° 

P 

=  1 

n  = 

0 

X 

k 

k 

k 

(1  9) 

(13) 

(s) 

0.  193 

26 . 9 

.  200 

17.9 

.210 

26.4 

.  220 

44.3 

.  230 

112 

1 15 

.240 

241 

260 

219 

.250 

2S4 

374 

276 

.254 

430 

.260 

291 

276 

.265 

341 

.270 

267 

171 

209 

.  2S0 

169 

112 

106 

.290 

89 

56 

38 

.  300 

69.8 

18 

10.8 

.310 

2.83 

.  320 

0.81 

.330 

0.21 

.  340 

0.06 

S,  Gas  (ii 

),t 

=  450°, 

d  =  67 

X 

10-«, 

n 

= 

-2 

X 

k 

0.435 

>7 

.460 

20 

.  500 

15 

.550 

7 

.610 

<0 

5 

Se,  Vitreous, 

n 

= 

+3 

X 

k 

k 

(36) 

(17) 

0.260 

613 

.275 

611 

.300 

652 

.325 

580 

360 

480 

.400 

726 

380 

.415 

660 

.425 

594 

.440 

525 

300 

.  170 

460 

252 

190 

382 

.610 

203 

1  .") 

27 

3 

.  550 

17 

6 

.590 

9 

5 

5 

170 

.640 

4 

7 

i 

.670 

84 

.710 

21. 

4 

.760 

10 

1 

Se,  Gas  (ii 

), 

t  = 

700°C, 

1  a 

10.9  X 

io-s, 

n 

_  2 

X 

k 

0.435 

43 

.450 

39 

.510 

23 

.525 

19 

.580 

<0  5 

H*0,Gas(*),<  =  0°, 
P  =  7tj0,  n  =  -3 
1.35  4  6 

1.37  8.7 


209 


H:0. — 

( Cant'd ) 

X 

1  * 

1.404 

19  3 

1 . 45 

11  4 

1 . 50 

4.2 

1 . 80 

3.7 

1  ,N5 

18.7 

1 . 885 

25  8 

1 . 935 

18  8 

1.97 

12.0 

2.0 

3  6 

2.55 

25.8 

2.585 

64  4 

2.618 

90 

2.65 

59 

H..O,  Liquid  (12 

n  = 

2 

0.186 

68.8 

.  193 

16.6 

.200 

9  0 

.210 

6.1 

.220 

5 . 7 

.230 

3.4 

.240 

3.2 

.260 

2.5 

.300 

1  .5 

n  = 

-3 

X 

M>> 

k(*> 

k(*) 

0.415 

0.35 

.420 

0.32 

.430* 

0.23 

.440 

0.16 

.450 

0.20 

0  12 

.460 

0  11 

.470 

0  12 

.480 

0.20 

0.  13 

.490 

0.14 

0  02 

.500 

0.20 

0. 15 

.510 

0.22 

0.16 

.520 

0.  18 

0. 1H 

0.02 

.530 

0.08 

0.19 

0.03 

.  540* 

0.09 

0.21 

0.11 

.5.50 

0.36 

0 . 23 

0.26 

.560 

0.30 

0.27 

0.40 

.570 

0.20 

0 . 33 

0.  43 

.580* 

0.26 

0.42 

0.50 

.590 

0  78 

0.70 

0 . 89 

.600 

1.60 

1.07 

1.65 

.610 

1.90 

1.18 

2 . 20 

.620 

o  j2 

1 . 24 

2.40 

.630 

•»  •>! 

1.30 

2.50 

.640 

2.35 

1.37 

2.75 

.650 

a  60 

1.48 

3  05 

.660 

2  .  HO 

1  62 

3  25 

.670 

3.00 

1.83 

.680 

3.40 

2.  10 

.690 

4  (K) 

2.50 

.700 

5.50 

3.00 

.710 

7.90 

3.90 

.720 

11.5 

1  70 

.730 

17.5 

5  70 

740 

23.0 

•  ^ 

24.1 

.80 

20.4 

.  85 

69  1 

.90 

101  I 

.95 

311 

.995 

416 

472 

1.05  | 

368  1 

•  Liquid  H 

tO, 

-  —  3. 

10  435810. 546150 

10  12 

lo  :i« 

jo  64 

270 


H20.  -(Coni '  d)  H  O. — (Cont'd) 


n  =  0 

x  1*0) 

*  (9) 

X 

*(«) 

<•(3) 

11.0 

12.0 

1  o.r> 

0 . 3(58 

12.0 

25  9 

1  08") 

0 . 333 

1 3 . 0 

28.9 

1 . 095 

0.188 

1 5 . 0 

35 . 7 

1  13 

0.60 

18.0  (25) 

29 . 9 

1  .  17 

1  .  12 

^  >0. 

16 

1  21 

I  .  30 

52  >0. 

If) 

1  243 

1 .22 

<"  1  >0 . 

16 

(20) 

1 . 25 

1.24 

108 

4.23 

1.281 

1  .  17 

314 

2.12 

1  30 

1.48 

1 . 35 

2. 14 

H  Br,  Gas  f 3  3 ) ;  r/.  ( 3  8 ) 

1 .40 

3 . 05 

t  =  0°,  P 

=  760, 

1  .  4.5 

20  1 

n  = 

3 

1.475 

29 . 9 

k 

1 . 50 

38.4 

20 . 4 

X 

1.56 

15.0 

0.207 

44 . 4 

1 . 60 
1.677 

9.2 

.  253 

3.20 

5.2 

1 . 708 

11.4 

HI,  Gas  C3  4) 

Cf.  (38) 

1.75 

7 75 

t  = 

0 

O 

1 . 85 

12.7 

1.90 

31.5 

P  =  760, 

n 

=  -3 

1.95 

86 

0.207 

62.2 

1.956 

1.97 

123 

104 

.253 

29.0 

2.00 

70 

SOj,  Gas  (8), 

t  =  0°, 

2.08 

35.6 

P  =  760.  n  =  0 

2.  10 
2.147 

27.8 

31.6 

0 . 220 

57 

2.  15 

24 . 7 

.2225 

18.5 

2.237 

19.6 

.280 

32 

2.30 

25.9 

.285 

35.5 

2.35 

33  0 

2.40 

40.3 

.290 

39.5 

04 

+ 

II 

.295 

42.5 

X 

*  0) 

k  (9) 

.300 

41 

2.6 

5.32 

.305 

34 

2.8 

22.4 

.310 

20 

3.0 

73.3 

3.02 

27.3 

.315 

6.3 

3.2 

66.4 

.320 

4.0 

3.4 

14.4 

3.6 

4.9 

NO,  Gas  (12U  =  0°, 

3.93 

2.04 

P  =  760, 

n 

=  —3 

i  5 

4.47 

4.70 

5.45 

0 . 200 

142.2 

5.27 

3.08 

.210 

95.1 

5.42 

3.42 

.220 

84.1 

5.47 

3.35 

9.1 

.230 

52.1 

5. 8 

6 . 0 

21.4 

.240 

24.0 

6.09 

25.3 

.250 

3.18 

6.2 

6.5 

20.0 

10.3 

.  300 

0.80 

6 . 73 
6.765 

8.7 

8.8 

C02,  Gas  (12),  t  =0°, 

6.92 

8.2 

P  =  760, 

n 

=  -3 

6 . 955 

8.3 

0.186 

7 . 64 

7.0 

8.9 

.193 

2  13 

7.11 

7.275 

8.2 

8.45 

.200 

0 . 95 

7.41 

7.9 

n  =  — 

3  (29) 

7.44 

8.  1 

1 .96 

0.3 

7.49 

8.0 

7.545 

8.  1 

2.12 

0.3 

7.65 

7.65 

2.28 

0.03 

7.70 

7.85 

2.40 

1.7 

7.83 

7.88 

7  r>."> 

7 . 77, 

2.50 

5.7 

7.94 

6.9 

2.60 

11.5 

8.0 

7.55 

2.70 

13.4 

8.065 

7 . 85 

2.80 

11.4 

8.13 

8. 16 

7.65 

7.85 

2.90 

6.5 

8.22 

7 .  15 

3.00 

2.7 

8.28 

7.65 

3.10 

1.1 

8.38 

6.95 

3.20  1 

8.43 

7.55 

3 . 80  / 

<  0.01 

8.49 

7.25 

9.0 

7.0 

3.90 

1.3 

10.0 

7.05 

4.C 

4.1 

INTERNATIONAL 

C02 — ( Cant’d ) 

X 

k 

4.10 

12.0 

4.20 

33 . 5 

4.25 

50 

4.30 

61 

4 . 33 

63 

4 . 35 

60 

4.40 

38 

4.45 

27 

4.50 

20 

4.60 

11.2 

4.69 

1.2 

CS2,  Liquid  (25), 

n  - 

0 

24 

5.1 

52 

0.20 

61 

0.30 

Si02,  v.  Yol.  VI 

AgCl  (25),  n  =  0 

24 

4.8 

52 

>27 

61 

>27 

AgBr,  Fused  (31), 

n  = 

+3 

0 . 360 

6.7 

.370 

5.0 

.380 

3.8 

.390 

2.79 

.400 

2.00 

.410 

1.38 

.420 

0.90 

.430 

0.60 

.440 

0.41 

.450 

0.27 

Agl  (28),  n  —  -|_3 

X 

k 

0.215 

85.3+  1.9 

.220 

88.0+  2.0 

.225 

87.7 ±  2.0 

.230 

88.5+  2.0 

.235 

88.8+  2.0 

.240 

96.3+  2.1 

.245 

99. 5 ±  2.1 

.250 

102  +  2 

.255 

104  +  2 

.260 

113  +  2 

.265 

138  ±  3 

.270 

276  +  6 

.2712 

282  +  6 

.275 

259  +  5 

.280 

235  ±  5 

.285 

220  +  4 

.290 

208  +  4 

.295 

198  +  4 

.300 

188  +  4 

.305 

179  +  4 

.310 

171  ±  4 

.315 

167  ±  4 

.3191 

1 67  +  4 

.320 

167  +  4 

.325 

165  ±  4 

.330 

158  +  3 

.335 

144  +  3 

.340 

124  +  3 

.345 

117  +  2 

CRITICAL 

TABLES 

Agl. 

— ( Cont'd ) 

CaF2. — (C  ant’d) 

X 

k 

X 

k 

0.350 

111  ±2 

n  =  0  (25) 

.  355 

104  ±  2 

24 

>8.5 

.  360 

101  ±  2 

52 

5 . 7 

.365 

98+2 

61 

5.02 

.370 

95+2 

.375 

93  +  2 

CaCO,, 

Calcite 

.380 

90  ±  2 

n  =  0  (23) 

.  385 

88  ±  2 

0.215 

3.36 

.390 

87  ±  2 

.230 

1.25 

.395 

86+2 

.240 

0.58 

.400 

85  ±  2 

.250 

0.40 

.  405 

85  +  2 

.260 

0.29 

.410 

88+2 

.270 

0.20 

.415 

101 

+  2 

.280 

0.16 

.420 

128  +  3 

ku f,  n  - 

0  (™) 

.4227 

138  ±  3 

1.02 

0.00 

.425 

117 

+  2 

1.25 

0.00 

.430 

33  + 10 

1.45 

0.00 

.435 

10+3 

1.72 

0.03 

.440 

5.1+  1.5 

2.07 

0.13 

.445 

1.1+  1.0 

2.11 

0.74 

.450 

.1+  0.3 

2.30 

1.92 

F  e  1 0 1 

Magnetite 

2.44 

3 . 00 

(I4),  n 

=  +3 

2.53 

1.92 

X 

k 

2.60 

1.21 

0 . 440 

242 

2.65 

1.74 

.460 

222 

2.74 

2.36 

.480 

201 

2.83 

1.32 

.500 

183 

2.90 

0.70 

.520 

169 

2.95 

1.80 

.540 

158 

3.04 

4.71 

.560 

150 

3.30 

22.7 

.580 

145 

3.47 

19.4 

.600 

138 

3.62 

9.6 

.620 

133 

3.80 

18.6 

.640 

126 

3.98 

00 

.660 

118 

4.35 

6.6 

.680 

109 

4.52 

14.3 

.700 

98 

4.66 

11.6 

Fe»03.CuO,  Cupro- 

4.83 

6.1 

ferrite  (i 4) 

n  —  +3 

5 . 25 

8.0 

0.440 

270 

M,  n  = 

0  (18) 

.460 

230 

2.49 

0.14 

.480 

200 

2.87 

0.08 

.500 

179 

3.00 

0.43 

.520 

162 

3.28 

1.32 

.540 

145 

3.38 

0.89 

.560 

118 

3.59 

1.79 

.580 

90 

3 .76 

2.04 

.600 

80 

3.90 

1  .  17 

.620 

72 

4.02 

0.89 

.640 

64 

4.41 

1.07 

.660 

55 

4 . 67 

2.40 

.680 

47 

4.91 

1.25 

.700 

38 

5.04 

2.13 

5.34 

4.41 

CaF 

,  Fluorite 

5.50 

12.8 

n 

=  0  (23) 

f*o  for  ordinary  and 

0.186 

0.22 

for  extraordinary  ray. 

n 

=  0  (26) 

6 

<0.01 

NaCl,  Rock  salt 

8 

0.17 

n  =  0  (23) 

9 

0.61 

0. 186 

0.36 

10 

1.8 

.210 

0.26 

11 

4.6 

.231 

0.15 

12 

>7 

.280 

0.040 

NaCl. — ( Cont’d ) 

* 

k 

71=0  (27) 

6  to  8 

<0.001 

9  to  11 

0.005 

12 

0 . 007 

13 

0.024 

14 

0.071 

15 

0.167 

16 

0.41 

17 

0.66 

18 

1.29 

19 

2.34 

20.7 

5.1 

n  =  0  (25) 

24 

10.7 

52 

>16 

61 

>16 

KC1,  Sylvite 

n  =  0  (27) 

10 

0.012 

11 

0.010 

12 

0.005 

13 

0.005 

14 

0 . 025 

15 

0.047 

16 

0.066 

17 

0.081 

18 

0.148 

19 

0.277 

20.7 

0.535 

24 

1.86 

Biotite  (1S),  n  =  0, 

t  = 

25° 

1.52 

42.0 

1.82 

19.0 

2.25 

8.1 

2.76 

6.8 

2.91 

6.2 

2.96 

6.1 

3.0 

4.7 

3.04 

4.6 

3.12 

4.2 

3.22 

3.4 

3.85 

3.6 

4.06 

3.8 

n  =  0,  t 

=  250° 

1.50 

63 

1.80 

42 

2.21 

34 

2.72 

22 

2.92 

19 

3.0 

17 

3.19 

16 

3.4 

13 

3.6 

12 

3.8 

10 

4.01 

11 

Mica 

n  =  +2  (25) 

24 

1.8 

52 

3.2 

61 

3.0 

n  =  +2  (20) 

108 

3.3 

314 

1.1 
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SPECTRAL  FILTERS 

K.  S.  Gibson 


The  filters  here  considered  cover  the  spectral  regions  commonly 
designated  as  ultra-violet  (I’V),  visible  (v),  and  infra-red  (IRi. 
The  numerical  data  are  based  on  quantitative  measurements,  but, 
owing  to  the  variability  of  much  of  the  material  or  to  the  insuffi¬ 
ciency  of  the  details  given  by  the  authors,  they  are,  in  general,  to 
be  considered  as  illustrative  only.  As  a  rule,  only  such  glasses, 
crystalline  material,  and  simple,  well-known  substances  as  have  a 
relatively  sharp  transition  between  the  regions  of  free  transmission 
and  of  strong  absorption  are  noted.  Many  of  these  filters, 
especially  those  having  selective  transmission  between  X  =  0.3/i 
and  0.7 ti,  can  be  practically  duplicated  by  means  of  dyes  and  other 
solutions. 

Filters 

Spectral  filters  may  conveniently  be  divided  into  three  classes: 

Cla.su  1. — Strong  absorption  if  X  is  less  than  a  certain  value, 
\c,  and  free  transmission  over  a  wide  adjacent  range  where  X 
>  Xc. 

Radiation  in  range  0.002/1  <  X  <  0.12 /i  is  not  transmitted  1  y 
any  solid  or  liquid;  of  ordinary  gases,  II2  is  the  most  and  ()2  is  the 
least  transparent  in  this  region  (31).  The  1  V -limit  of  trans¬ 
mission  of  air  is  near  that  of  II20  (Xr  of  \\  1,  ca.  X  =  0.17/i)  (3* 
Curves  similar  to  those  of  I  ig.  1  may  be  obtained  between  0.2/i 
and  0.35/1  by  use  of  organic  liquids  (C  2>  47),  between  0.3/i  and 
0.7/i  by  use  of  solutions  or  of  dyed  films  of  gelatin  (ls),  and  in  1R 
(4,  43,  46)  by  use  of  thin  layers  of  lampblack  or  various  thicknesses 
of  black  paper  or  cardboard. 


Fio.  1. — Filters  of  Class  1:  Transmission  near  Xc. 

For  description*  of  filters,  see  Table  1 ;  C  i*  of  <  In*"  2.  1™  1  i.  1  Q.V  9.V  " 

:s.  O’  and  G|.  only  value  of  X,  i*  indicated;  curve,  for  C,  C  a,  I  A.  <•  . 
t':  have  been  entree  ted  for  surface  and  window  lo-..  -  r.  flection  and  absorption  . 
tiler  curve*  are  uncorrected  0  1  (J  —  10  *  cm  ™  1000  A 


Class  2. — Strong  absorption  over  wide  region  in  which  X  is 
greater  than  Xf,  and  free  transmission  over  a  wide  adjacent  range 
for  which  X  <  Xf. 

For  the  substances  considered  here,  the  long  wave-length 
boundary'  of  the  absorption  lies  far  in  the  IR,  but  transmission  tit 
still  greater  values  of  X  may  be  of  much  importance.  For  summary 
of  such  data,  and  bibliography  to  1921,  sec  (4G).  Crystalline 
Si02  is  notably  transparent  if  X  >  5(V;  if  sufficiently  thin,  many 
substances  transmit  if  X  >  ca.  100/t,  and  there  is  considerable 
transmission  through  1  mm  of  CaF2,  KC1,  XaCl,  and  amorphous 
SiC)2,  but  there'  seems  to  be  no  transmission  through  this  thickness 
of  H20  or  of  glass. 


See  also  C  of  Fig.  1.  For  description  of  filters,  see  Table  1.  Curves  for  F, 
RS,  and  S  have  been  corrected  for  reflection  at  surfaces,  others  are  uncorrected. 

t/i  =  10-*  em  =  10  000  A. 


Aqueous  (I120)  solutions  of  C’u  salts  completely  absorb  the  IR 
while  freely  transmitting  the  visible  spectrum  (c/.  C,  Fig.  1  :  at 
least  2  cin  of  the  solution  should  be  used  (®*  I9).  For  glasses 
which  visually  approximate  filter  C,  sec  *6,  20i  22 they  all 
transmit  some  IR  (' 1 »  12).  For  isolating  the  region  X  <  0.3/i, 
see  Class  3. 

Class  3. — Strong  absorption  except  over  certain  narrow  regions 
of  the  spectrum. 

In  Figs.  3,  4  and  5  are  shown  the  transmissions  of  certain  filters 
of  this  class.  By  a  suitable  choice  of  these  filters,  i-d-n  d  by  those 
of  classes  1  and  2  as  may  be  necessary,  it  i>  possible  to  isolate  any 
one  of  many  narrow  spectral  regions  ' 9  .  No  known  filter  trails 
mits  only  the  region  X  <  0.3/i;  the  best  consists  of  quart/  Sift 
cells  filled  with  Cl  and  Hr  gas  (37  ;  see  Fig.  3.  For  transmission  of 
Cl,  see  also  (24,  36),  of  Br  49).  Aqueous  solutions  of  aeetone 
(C,H«0)  (*),  of  p-nitroeodimethyl&iuline  C*H  NjO  !  ■ 

etc.,  may  assist  in  isolating  the  CY,  especially  when  . . nee  ot 

radiation  at  X  >  0.5/i  can  be  ignored,  as  in  usual  photographic 
work.  Sec  also  Fig.  4  and  Special  Filters,  4. 
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Special  Filters 

Filters,  for  isolating  or  for  removing  certain  radiations  emitted 
by  the  source  being  used,  are  especially  convenient  for  the  follow¬ 
ing  purposes  ( see  also  Class  3,  supra): 

1.  Eye  Protection. — The  cornea  may  be  seriously  injured  by  even 
a  short  exposure  to  UV  at  X  <  0.31m-  When  exposed  to  the 
quartz  Ilg-arc,  unscreened  metal  arc  or  spark,  or  other  source 
which  is  intense  in  this  region,  the  eyes  should  be  protected  by  a 
filter  which  absorbs  completely  all  radiations  of  X  <  0.35m,  such 
as  G4,  Di,  etc.  (Fig.  1).  Radiations  of  greater  X  do  not  damage 
the  eye  unless  so  intense  as  to  cause  discomfort.  Glasses  are 
available  for  reducing  the  brightness  and  for  absorbing  most  of 
the  I  It  (7,  it,  20)  (see  also 

2.  Trichromatic  Photometry. — The  three  filters  typified  by  GH 
(red),  Gc8  (green),  and  GCs  or  Gc4  (blue)  form  a  set  which  is 
usually  satisfactory;  see  also  (17). 

3.  Elimination  of  Stray  Light. — In  spectrophotometric  work  at 
X  <  0.5/t  or  X  >  0.65m,  stray  light  may  introduce  error  (18).  For 
work  in  blue  and  violet  it  may  be  eliminated  by  filters  of  type 
Gc<,  in  red  by  GM,  and  in  far  red  by  Gc4  +  G14,  by  D2,  or  by  D3. 

4.  Isolation  of  Certain  Spectral  Regions. — Extra-focal  methods 
assist  in  isolation  in  UV  (1°)  and  lit  (43,  46).  Some  of  UV  can  be 
isolated  from  all  other  radiation  by  Gn„  Gn2,  or  Ag;  most  of  v 
by  Ge  +  C,  see  also  (25);  all  of  v  and  UV  to  X  =  ca.  0.3 m  by  C; 


Fios.  3,  4,  5. — Transmission  of  filters  of  Class  3. 

For  description  of  filters,  sec  Table  1. 

much  of  lit,  either  with  or  without  v,  by  filters  of  Class  1  (Fig.  1). 
For  isolation  of  X  <  0.3m,  see  text  for  Class  3;  of  0.7m  <  X  <  1.5m, 
use  W  (or  Gl)  +  D3,  or  W  (or  Gl)  +  Gc4  (or  Gn-3)  +  a  red  glass, 
of  1m  <1  X  <C  3m,  use  Gi4  (or  D2)  G,  -f-  Gc^J  of  2m  <  X  <C  3m, 
use  G]4  (or  D2)  +  G|  +  Gc'.  Certain  regions  (residual  rays) 
between  X  =  8 m  and  X  =  152m  may  be  isolated  by  multiple 
reflection  from  Si02  (X  =  8  to  9m),  Til  (X  =  152m),  and  other 
substances  (3>  4i  46);  ( see  also  p.  261). 

5.  Isolation  or  Removal  of  Certain  Lines  from  a  Line  Spectrum. — 
[Nee  also  (32).]  In  combination  with  the  following,  filters  of 
Classes  1  and  2  may  be  used  to  absorb  the  UV  and  IR. 

(a)  Ilg-arc  in  SiOi.—\  =  0.578m  is  absorbed  and  X  =  0.546m 
is  transmitted  by  filter  X.  The  visible  lines  (0.578,  0.546,  0.436, 
0.405m)  may  be  readily  isolated  from  one  another  by  glasses 
(19,  22);  solutions  (28i  48),  or  otherwise  (15).  Certain  of  the 
UV  lines  (0.365,  0.335,  0.313,  0.303,  0.254,  etc.)  may  be  more  or  less 
isolated  by  Cl  (36),  Cl-Br,  Ag,  Gn,,  and  Gn2.  In  the  IR,  the 
group  between  1.0  and  1.8m  (strongest  at  1.014  and  1.129m)  niay 
be  isolated  from  the  other  lines  and  in  part  from  one  another  (see 
4,  supra).  There  is  radiation  at  300m  also. 

(b)  Hydrogen  Tube. — For  isolation  of  visible  lines,  see  (22). 

(c)  Helium  Tube. — For  isolation  of  some  of  visible  lines,  see  (22). 
In  III  there  is  an  intense  line  at  1.084m  and  a  weak  one  at  2.026m. 
The  yellow  line  is  absorbed  by  X. 

(d)  Bunsen  Flame. — Most  of  the  energy  is  concentrated  at  4.4m 
and  may  be  isolated  by  a  gelatin  filter  of  type  D3  (12). 

(e)  Flame  Spectra. — Sodium  D-Iines  absorbed  by  X  (16). 

(/)  Copper  Arcs. — Blinding  yellow  glare  absorbed  by  X  (22). 

Classified  References. — Commercial  filters,  see  (15>  1 6>  4 1 ,  44); 
discussion  of  special  filters  (6>  9i  10>  13,  14,  17,  19,  21,  22,  25,  28,  32, 
34,  36,  37,  40,  47,  48,  49) ;  germicidal  action  of  UV  (J  3);  absorption 
data  of  special  value  in  construction  of  filters,  quantitative 
(1-6,  8,  9,  12  —  14,  17—24,  26,  27,  29,  30,  37  —  39,  42)j  qualitative 
(31,  33,  45). 

Tahle  1. — Filters  and  Their  Symbols 

t  =  thickness  of  absorber,  unit  =  1  mm.  IR-limit  [UV- 
limit]  =  wave-length  bounding  the  transmission  band  on  its 
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HI  [UVJ  edge:  All  filters  except  Cl  and  S  are  represented  in  I 
Fig.  6. 


Symbol 

Filter 

Lit. 

Fin 

Ag 

Ag  chemically  deposited  on  SiO*;  r  of  Ag  = 
7.9  X  10~“;  no  lit  is  transmitted 

(”);<■/.  (38> 

3 

e 

Aqueous  (HtO)  solution:  57.0  g  CuSO*.5HtO 
per  1  of  solution;  r  =  10.00;  transmits  UV  to 
about  X  —  0.3/*;  for  IR-limit,  see  (*) 

07) 

1 

c-k 

Two  aqueous  (HtO)  solutions  in  different  glass 
cells;  57.0  g  CuS04.5Ht0  per  1,  and  72.0  g 
K*Cr*07  per  1:  r  ==  10.0  for  each;  transmits 
practically  no  lit,  but  cf.  (6) . 

07) 

3 

Ca 

Calcite  (CaCOa):  transmission  _L  axis;  r  = 

6  1  .  f( -r  I  1 :  • .  a  1  '•  . 

(39J 

1 

Cl 

Cl-gas  in  quartz  (8iOj)  cell . 

(37) 

3 

Cl-Br 

Cl-gas  and  Br-vapor  in  quartz  (SiOa)  cells: 
combined  transmission . 

(37) 

3 

Di.  Dj,  Dj 

Dyed  gelatin  films:  no  data  beyond  0.7/*;  (most 
of  curves  G«  to  Gu  can  be  approximately 
duplicated  by  such  films) . 

(15);c/.  (>2) 

1 

EA 

Ethyl  alcohol  (CsHtOH),  chemically  pure: 
r  *  10;  IR-limit  approximately  that  of  HsO 
(W,  Fig.  2) . 

(3.) 

1 

F 

Fluorite  (CaFt),  colorless:  r  =*  10;  for  U V- 
lin.it,  sec  Fi  and  Ft,  Fig.  1 . 

(42) 

2 

Fi 

Fluorite  (CaFt),  best  quality,  colorless:  thin 
plates,  value  of  r  is  not  stated;  for  IR-limit, 
ace  F,  Fig.  2 . 

(31) 

1 

F, 

Fluorite  (CaFt):  transmission  by  prism  and 
lenses;  value  of  r  is  not  stated;  data  from 
Schumann's  map;  for  IR-limit,  see  F,  Fig.  2. 

(31) 

1 

G'* 

Cover-glass,  special  crown  for  UV  trans¬ 
mission;  t  is  very  small . 

(3l) 

1 

G"* 

Glass,  special  crown  for  UV  transmission; 
r  =  1 . 

(31.  44) 

1 

G"'» 

Glass,  special  for  UV  transmission:  r  =  0.39. 

l22) 

1 

Gi* 

Glass,  common  cover-glass;  r  is  very  small.  .  . 

(3I) 

1 

G', 

Glass:  r  =  11.9;  for  UV-limit,  see  (22) . 

C9) 

2 

Gi* 

Glass,  crown:  r  =  1.68 . 

(20,  2  2  ) 

1 

G', 

Glass,  crown:  r  ==  2.18;  for  UV-limit,  see  G* 
Fig.  1  . 

(7-  ll) 

2 

G.* 

Glass:  r  —  8.30 . 

C22) 

1 

G.» 

Glass:  ,  ■=  2.05 . 

(20) 

1 

Gi*  lo  Gu* 

Glass,  yellow,  orange,  or  red:  principal  coloring 
agent  is  CdS  or  Se;  r  =  0.88  to  4.23 . 

(18,  20,  22) 

1 

Gc, 

Glass;  Co:f  r  =*  4.62 . 

(16,  22) 

3 

gC; 

Glass;  Co:f  r  =  3.13 . 

02) 

5 

Gc, 

Glass;  Cot  *F  Cu:f  r  =  2.59 . 

(16,  22) 

3 

Gc; 

Glass;  Cof  +  Cu:t  r  —  2.40 . 

(>2) 

5 

Gc« 

Glass;  Cof  ■+■  Cu:f  r  =  2.99;  IK  transmission 
is  somewhat  similar  to  that  of  Gc' . 

(  2  2  ) 

3 

Gc, 

Glass;  Cu.’t  r  *  5.55 . 

(16,  22) 

3 

Gc; 

Glass;  Cu:f  r  =  4.93 . 

(12) 

5 

Gc, 

Glass;  Crf  -f-  Cu:f  r  =  2.99;  IR  transmission 
is  somewhat  similar  to  that  of  Gc'  and  Gc'- 

(16,  22) 

3 

Gc, 

Glass;  Mnf  +  Cr:tr  =  2.46;  should  be  tested 
for  possible  violet  transmission . 

(12,  16,  20) 

3 

Gc; 

Glass;  Mnf  *+■  Cr:fr  **  2.46;  should  be  tested 
for  possible  violet  transmission . 

(,2> 

5 

Gn, 

Glass;  .\i:f  r  —  4.37;  no  IR  transmission . 

(16,  22) 

3 

Gn, 

Glass;  Ni:f  r  ■■  2.68;  no  IR  transmission  (,2.). 

(16,  22, 

3 

GNj 

Glass;  Ni:fr  ■=  3.20 . 

(16,  22) 

3 

Gn; 

Glass;  Ni:fr  *  2.85 . 

(>2) 

5 

G  9 SO  At 

Glass  for  UV  transmission :  r  =  5.0;  practi¬ 
cally  no  absorption  if  0.3/*  <  X  <  0.8/* . 

(19) 

4 

G  984  Bt 

Glass  for  UV  transmission:  r  ■■  5.3;  middle  of 
the  transmission  band  at  0.5/*  to  0.6/*  has 
greater  X  than  that  of  Gc* . 

(19, 

4 

G  9S5  »t 

Glass  for  UV  transmission:  r  »  5.0 . 

(19) 

4 

G  9  SO  A  t 

Glass  for  UV  transmission:  r  ■*  5.0 . 

(l») 

4 

GI 

Glycerol,  chemically  pure:  r  «  10;  IR-limit 
approximately  that  of  W,  see  (8»  38) . 

(39) 

1 

M 

Mica:  r  —  0.01;  for  IR-limit,  see  (3) . 

(IS) 

1 

Q. 

Quartz  (SiO*),  crystalline:  r  —  0.2;  for  IR- 
limit  see  Qa,  Fig.  2 . 

(3I) 

1 

Q. 

Quartz  (SiOt),  crystalline:  r  ■■  2.0;  no  great 
difference  between  dextro,  levo,  trans¬ 
mission  X.  or  to  axis;  for  IR-limit,  see 

Qj.  Fig.  2 . 

(31> 

1 

Symbol 

Filter 

Lit. 

Fig 

Qi 

Quartz  (SiOt),  crystalline:  r  =»  4.77;  for  UV- 

Its 

limit  see  Qi  and  Qt,  Fig.  1 . 

Rock  salt  (NaCl):  value  of  r  is  not  stated;  for 

<9) 

2 

HSi 

IR-limit,  see  RSi,  Fig.  2  . 

Rock  salt  (N’aCl):  r  =  10;  for  UV-limit,  see 

(3>) 

i 

s 

KS.  Fig.  1 . 

Sylvite  (KC1):  r  ■*  10;  strong,  narrow  absorp¬ 
tion  bands  at  X  =  3.18/*  and  X  =  7.08/*;  free 

(42 

o 

W 

transmission  through  visible  and  into  UV.. 
Water  (HtO)  in  cell  with  thin  quartz  (SiO: 

(5.  42, 

2 

vv, 

windows:  r  =  10;  for  UV-limit,  see  Wj,  Fig  1 
Water  (HtO),  distilled,  in  cell  with  fluorite 
(CaFt)  window's:  long  exposure;  r  =  0.5;  for 

(*) 

2 

W, 

IR-limit,  see  W,  Fig.  2 . . 

Water  (HsO),  pure,  in  cell  with  quartz  (SiO*) 
window's;  r  =  20(?);  for  IR-limit,  see  W, 

<31> 

i 

X 

Fig.  2 . 

Glass  (22»  38)  or  solution  (4S)  containing 

(29,  3.) 

i 

“didymium,,  (mixture  of  Nd  and  Pr) . 

6 

*  So  fur  as  known,  all  white,  yellow,  orange,  and  rod  glasses  have  IK  trans¬ 
missions  similar  to  those  of  G[  and  G*  (Fig.  2),  cf.  Fig.  6.  Those  containing 
Fe-impurities  have  a  broad,  weak  absorption  band  at  X  ■*  1.1  n,  cf.  (l  l»  1  2 ' 
t  Principal  coloring  material. 

X  Trade  designation;  made  by  Corning  Glass  Works,  Corning,  N.  V  .  t*.  S.  A 


For  more  exact  data,  are  Figs.  1  to  5;  filters  described  in  Table  1. 
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SPECTROSCOPIC  STANDARDS  OF  WAVE-LENGTH 

Ch.  Fabry 


All  wave-lengths  (X)  given  below  are  expressed  in  international 
Angstroms  and  are  the  wave-lengths  in  dry  atmospheric  air  at  15°C 
and  a  pressure  of  one  normal  atmosphere.  Some  of  them  differ 
slightly  from  the  corresponding  values  internationally  accepted 
for  use  as  secondary  or  tertiary  standards.  These  differences  are 
made  necessary  by  the  high  precision  of  modern  measurements 
and  the  very  recent  elimination  of  irregularities  produced  by  the 
pole-effect  (see  p.  432).  All  arc  lines  refer  to  arcs  in  air  at  atmos¬ 
pheric  pressure  fnot  to  arcs  in  a  vacuum);  those  produced  by  arcs 
which  are  not  satisfactorily  defined  arc  marked  (*). 

PRIMARY  STANDARD 

It  is  internationally  agreed  that  in  dry  atmospheric  air  at  15°C 
and  a  pressure  of  one  normal  atmosphere  the  red  line  of  cadmium, 


produced  under  the  conditions  described  by  Michelson  (U  9)  and 
specified  below,  has  the  wave-length  (3) 

XCd  =  6438.4696  A  =  0.64384696m 
This  defines  the  length  of  the  international  Angstrom  and  of  the 
micron  (m)  as  used  in  the  measurement  of  wave-lengths.  As  so 
defined,  1  A  =  10-10  m  and  1m  =  0.001  mm  within  the  limits  of 
experimental  error. 

The  primary  (cadmium)  standard  of  wave-length  shall  be  pro¬ 
duced  by  high-voltage  electric  current  in  a  vacuum-tube  having 
internal  electrodes  and  the  form  described  by  Michelson  (H  . 
The  tube  shall  be  maintained  at  a  temperature  not  higher  than 
320°C,  and  shall  have  a  volume  not  less  than  25  cm3.  The  effec¬ 
tive  value  of  the  exciting  current  shall  not  exceed  0.05  ampere. 
At  room  temperature  the  tube  shall  be  non-luminous  when  con¬ 
nected  to  the  usual  high-voltage  circuit. 
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Table  1. — Secondary  Standards  (2»  4>  5>  6.  7.  8.  10 

In  arriving  at  the  values  here  given,  the  papers  mentioned  have 
been  critically  compared.  The  table  is  divided  into  3  sections: 
Fc-lincs,  t’u-,  Xi-,  and  Si-lines  that  fill  gaps  occurring  in  the  Re¬ 
spect  rum,  and  Ne-lines.  Unit  of  X  =  1  Int.  A  =  10-V  =  10_s 
cm. 

Fe-Lines 

As  far  as  possible  the  values  here  tabulated  refer  to  the  Pfund 
arc  l11)  in  air  at  atmospheric  pressure.  That  arc  satisfies  the 
following  conditions: 

Anode  is  below  and  consists  of  a  bead  of  iron  oxide  supported  on 
a  massive  rod  of  iron  or  other  good  conductor  of  heat;  cathode  is 
above  and  consists  of  a  rod  of  iron  6  or  7  mm  in  diameter,  having 
close  to  its  lower  end  a  massive  cooling  cylinder  of  copper  or  brass. 
Current  not  over  5  amperes,  110  to  250  volts,  arc  12  to  15  mm  long; 
zone  used  is  midway  between  the  electrodes  and  not  over  1.5  mm 
wide. 

These  values  are  the  most  accurate  and  are  unmarked.  Others, 
obtained  with  the  arc  between  two  rods  of  iron  6  to  7  mm  in  diam¬ 
eter,  current  about  0  amperes  and  no  statement  of  either  length  of 
arc  or  of  portion  used,  are  marked  (*). 


XFe 

Xfo 

Xfc 

Xfo 

*2373.737 

3977  744 

4966 . 097 

6393 . 606 

*2413.310 

4021.870 

4994.132 

6430 . 852 

*2562.541 

4074.789 

5001.872 

6494 . 985 

*2588.016 

4076 . 638 

5012.072 

6546 . 245 

*2628 . 296 

4095.973 

5041.759 

6592 . 920 

*2679.065 

4107.492 

5049.825 

6677.994 

*2714.419 

4118.549 

5083 . 343 

6703 . 573 

*2739 . 550 

4134.680 

5110.414 

6733 . 164 

*2778 . 225 

11  17  673 

5123.723 

6750.157 

*2813.290 

4156.803 

5150.843 

6752.724 

*2851.800 

4175  639 

5167.491 

6806.851 

*2874.176 

4184.894 

5192.353 

6828.612 

*2912.157 

4191  436 

5202.339 

6841.355 

*2941 .347 

4203.987 

5216.277 

6843 . 67 6 

*2987 . 293 

4219.364 

5232.948 

6855  179 

*3030.152 

4233.609 

5250 . 650 

6885 . 772 

*3075.725 

4245 . 260 

5266 . 564 

6916.709 

*3125.661 

4282 . 406 

5270.361 

6933 . 628 

*3175.447 

4315.087 

5302 . 309 

6945.211 

*3225 . 790 

4352.738 

5324.187 

6951  271 

*3271.003 

4375.933 

5328.534 

6978 . 857 

*3323 . 739 

4427.313 

5341.026 

6988.531 

*3370 . 789 

4466 . 556 

5371  193 

6999.912 

*3399 . 337 

4494 . 568 

5405 . 779 

7022.976 

3445.153 

4531.152 

5434 . 527 

7038 . 255 

3485 . 343 

4547.851 

5455.613 

7068.418 

3513.821 

4592 . 655 

5497 . 520 

7090  410 

3556 . 882 

4602 . 945 

5506 . 783 

7107.464 

3558.518 

4647 . 437 

5569 . 626 

7112.178 

3606  682 

4691 .414 

5586 . 763 

7130.946 

3640 . 392 

4707 . 282 

6615.662 

7132.996 

3676.314 

4710.287 

505s  S25 

7164.472 

3677.630 

4733  596 

*5763.013 

7181.222 

3724.381 

1736  782 

6024  066 

7187.341 

3753.615 

1711  533 

6027.058 

7207 . 422 

3805 . 346 

4772.818 

6065  4S9 

7219.690 

3843.261 

4789  654 

6136.620 

7223  670 

3850 . 820 

1869  749 

6137.697 

7239 . 896 

3865 . 527 

l s7 8  219 

6191  668 

7284  843 

3906 . 482 

4903.318 

6230  729 

7288  764 

3907  937 

4919.001 

6265.141 

7293.073 

3935.816 

4924  776 

6318.023 

7307  938 

3940  882 

4939  691 

6335  338 

7311  103 

Fe- 

-INES.— 

-( Conlinm 

’d) 

Xf 

o 

Xi 

C 

Xf 

Xf 

7320 

694 

7511 

.047 

7710 

397 

8198 

960 

7386 

394 

7531 

178 

7748 

282 

8220 

413 

7389 

423 

7546 

177 

7780 

594 

8327 

069 

7401 

691 

7568 

.931 

7832 

233 

8331 

956 

7411 

184 

7583 

.801 

7937 

172 

8387 

787 

7418 

676 

7586 

050 

7945 

882 

8468 

422 

7443 

031 

7620 

538 

7998 

980 

8514 

088 

7445 

778 

7653 

783 

8028 

356 

8661 

9 1 5 

7491 

678 

7661 

230 

8046 

0S4 

8688 

641 

7495 

092 

7 664 

306 

8085 

207 

8824 

238 

7507 

300 

Co-,  XT-  and  Si-Lines 


(a)  Copper:  Arc  between  rods  of  Cu  4  mm  in  diameter,  current 
=  4  to  5  amperes.  ( b )  Silicon:  Arc  between  ordinary  rods  of 
carbon;  light  from  electrodes  is  eliminated,  (c>  Nickel:  Arc 
between  rods  of  Xi  5  mm  in  diameter,  current  =  6  amperes 


Xcu 

Xcu 

Xcu 

Xsi 

*2112.105 

*2242 . 622 

*2369.891 

*2528.516 

*2126.047 

*2276.261 

Xsi 

XNi 

*2189.631 

*2303  134 

*2435 . 1 59 

*5857  759 

*2218.107 

*2334. 816f 

*2506 . 904 

*5892  882 

*  No  statement  of  length  of  are  or  of  portion  used.  f  A  Sn-line. 

Ne-Lines 

The  lines  are  emitted  by  a  tube  containing  Xe  at  a  pressure  of  a 
few  mm  of  mercury. 


Xn  e 

XNe 

XNe 

XNe 

5400 . 562 

6096.163 

6334 . 428 

6717.043 

5852 . 488 

6143.062 

6382.991 

6929 . 466 

5881.895 

6163.594 

6506  528 

7032 .412 

5944 . 834 

6217.280 

6532.883 

7173.938 

5975 . 534 

6266 . 495 

6598 . 953 

7245  165 

6029.997 
6074 . 338 

6304 . 789 

6678 . 276 

7535 . 785 

Table  2. — Tertiary  Standards  (u) 

All  the  following  tertiary  standards  are  Fe-lines  emitted  by  a 
Pfund  arc  under  the  conditions  stated  in  Table  1.  Their  wave¬ 
lengths  have  been  determined  by  interpolation  from  those  of  the 
secondary  standards,  and  the  published  values  have  been  cor¬ 
rected  so  as  to  make  them  accord  with  the  values  adopted  for  the 
secondary  standards.  Unit  of  X  =  1  Int.  A  =  10~V  =  10-8  cm. 


XFe 

XFe 

XFe 

XFe 

3370 . 786 

3485 . 343 

3586. 116 

3659 . 521 

3379 . 023 

3489.674 

3589.109 

3669  524 

3380  115 

3495 . 290 

3594 . 635 

3676.314 

3392 . 657 

3497  111 

3603 . 207 

3677  630 

3393 . 982 

3497 . 844 

3606 . 683 

3679  917 

3399.337 

3506  501 

3608 . 863 

3684  113 

3401.523 

3513.821 

8617  792 

3687  460 

3402.261 

3521.265 

3618.771 

3690  732 

3407 . 465 

3529 . 820 

3621.465 

3695  055 

3413.136 

3541  087 

3623.189 

3702  035 

3417.845 

3542.080 

3625.149 

3704  464 

3418.511 

3545 . 642 

3630  353 

3705  569 

3424 . 288 

3556  882 

3631 . 467 

3707  051 

3427  124 

3558  518 

3632  043 

3711.227 

3445.153 

3565  382 

3638  301 

3715  916 

3447  282 

3576  761 

3640.393 

3719.936 

3450  33J 

3581.196 

3645  826 

3722  566 

3458  307 

3582  202 

3647  845 

3724  381 

3465.864 

3584 . 664 

3649  510 

3727  623 

3476 . 706 

3585 . 322 

3651  472 

3732  400 
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Table  2 — 

( Continued ) 

Table  2. — 

-( Continued ) 

Xf., 

Xfc 

Xf, 

Xfo 

Xf<- 

XFe 

Xf, 

kFo 

3733 . 320 

3841  052 

3966 . 066 

4154.501 

4408.419 

4678.453 

5166.286 

6127.913 

3734 . 869 

3843.261 

3967 . 423 

4156.803 

4415.126 

4691.414 

5167.491 

6136.622 

3737.135 

3846 . 805 

3969 . 260 

4170.904 

4422 . 572 

4707 . 282 

5168.901 

6137.697 

3738.310 

3849.971 

3971  325 

4175.639 

4427.313 

4710.287 

5171.599 

6157.730 

3742.624 

3850.821 

3977  744 

4177.596 

4430 . 620 

4733 . 596 

5192.353 

6165.364 

3745  564 

3852 . 577 

3981.774 

4181.758 

4435.153 

4736 . 782 

5198.712 

6173.340 

3745 . 904 

3856 . 373 

3983 . 960 

4184.894 

4442 . 345 

4741.533 

5202 . 339 

6191.564 

3748 . 265 

3859  914 

3986.176 

4191  436 

4443.197 

4745 . 805 

5216.277 

6200.319 

3749 . 489 

3865 . 527 

3990 . 378 

4202 . 030 

4447 . 723 

4772.818 

5227.189 

6219.287 

3753.615 

3867 . 220 

3997 . 395 

4203.987 

4454 . 384 

4786 . 809 

5232 . 948 

6230 . 730 

3756.943 

387 1  752 

4005 . 246 

4213.649 

4459.122 

4788 . 759 

5242 . 492 

6252 . 563 

3758.237 

3872 . 505 

4009.716 

4216.185 

4461.655 

4789 . 655 

5250 . 650 

6254  263 

3760 . 054 

3873 . 764 

4014.534 

4219  364 

4466 . 556 

4802.881 

5266 . 564 

6265  141 

3763 . 792 

3878.022 

4021.870 

4226 . 423 

4476.022 

4859.749 

5269 . 537 

6297  799 

3765 . 544 

3878 . 575 

4031 .964 

4233 . 609 

4489 . 742 

4878 . 220 

5270.361 

6318.024 

3767.196 

3883 . 286 

4044.614 

4245 . 260 

4490 . 085 

4903  318 

5302 . 309 

6322 . 692 

3774 . 827 

3884 . 362 

4045.816 

4250.789 

4494 . 568 

4919.002 

5307.361 

6335  338 

3776.459 

3886 . 286 

4062 . 486 

4266.968 

4514.190 

4924 . 776 

5324.187 

6344.157 

3781  191 

3887.051 

4066 . 979 

4267 . 830 

4517.528 

4939.691 

5328 . 534 

6380 . 749 

3785.951 

3888.518 

4067 . 275 

4271.764 

4528.619 

4966 . 099 

5332.901 

6393 . 607 

3786.681 

3895 . 658 

4067 . 983 

4282 . 406 

4531 . 152 

4994 . 132 

5341.026 

6421.357 

3787 . 883 

3899 . 709 

4074 . 789 

4285 . 447 

4547.851 

5001.872 

5371.493 

6430 . 853 

3790 . 096 

3902  950 

4076 . 638 

4294.128 

4587 . 134 

5012.072 

5397.132 
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In  the  following  table  are  given  the  wave-lengths  (X)  of  selected 
lines  from  the  spectra  of  air,  of  all  known  elements  except  Ac, 
Ma,  Pa,  Po,  Re,  UX2,  and  certain  doubtful,  or  unidentified 
elements.  The  number  of  lines  given  in  each  case  is  determined 
by  the  spectroscopic  importance  of  the  element  and  by  the  number 
of  lines  which  its  spectrum  contains;  the  strongest  and  the  most 
easily  reversed  lines  throughout  the  spectrum  have  been  given,  and 
the  distribution  of  the  lines  has  been  chosen  so  that  the  list  will 
satisfy  the  practical  requirements  of  such  a  table  and  will  exhibit 
all  the  characteristics  of  the  spectrum.  In  the  spark-spectrum  of 
air  all  the  observed  lines  are  given,  although  many  of  them  are  false, 
being  metallic  lines.  For  each  element,  are  given  the  more 
important  literature  references  from  which  the  data  were  taken; 
for  a  more  complete  list  of  references,  see  Ivayser,  Handbuch  der 
Spektroscopie ,  Vols.  5  to  7,  or  Watts,  Index  of  Spectra.  It  is 
assumed  that  the  wave-length  of  a  line  is  the  same  in  the  arc  as  in 


the  spark,  that  changes  in  X  arise  only  from  pressure,  magnetic 
and  electric  fields,  pole-effect,  and  apparent  shifts  from  unsym- 
metrical  broadening.  The  data  given  refer  to  atmospheric  pres¬ 
sure,  except  in  those  cases  in  which  the  observation  must  be  made 
under  reduced  pressure.  The  precision  of  measurements  in  the 
infra-red  is  so  low  that  the  correction  from  the  Rowland  to  the 
international  scale  is  unimportant;  in  all  other  cases  X  is  expressed 
in  international  Angstroms. 

The  values  given  for  X  are  weighted  means  of  the  best  deter¬ 
minations  available,  and  consequently  are  to  some  extent  arbitrary. 
The  relative  intensities  of  the  lines  depend  upon  so  many  con¬ 
ditions,  frequently  undefined  or  even  undefinable,  that  an  average 
is  meaningless.  But  the  intensity  of  a  line  is  an  important 
characteristic  of  it,  and  in  very  many  cases  the  relative  intensities 
vary  from  one  type  of  spectrum — arc,  spark,  Geissler  tube — to 
another  much  more  than  they  vary  with  the  conditions  in  any  one 
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type;  for  this  reason  a  kind  of  average,  or  typieal  value  of  the 
relative  intensity  is  given. 

Spectra  obtained  by  means  of  the  are,  spark,  or  Geissler  tube 
are  generally  mixtures  of  different  speetra.  Some  of  the  lines 
belong  to  the  neutral  atom  (denoted  by  A  or  AI),  some  to  the 
simply  ionized  atom  (A+  or  All),  some  to  the  doubly  ionized 
atom — the  atom  which  has  lost  two  electrons — (A++  or  AI  1 1  ,  etc. 
It  is  now  possible  to  determine  in  many  eases  the  particular  type 
of  atom  to  which  a  given  line  belongs.  In  such  cases,  the  type  is 
indicated  in  the  following  table  by  placing  before  the  wave-length 
the  proper  symbol  (I,  II,  III  .  .  .  ). 

WAVE-LENGTHS  (X)  OF  SELECTED  LINES  IN  EMISSION 

SPECTRA  OF  AIR  AND  OF  ELEMENTARY  SUBSTANCES 

There  are  no  data  for  Ac,  Ma,  Pa,  Po,  Re,  and  UX?.  For  basis 
of  selection  of  lines  given,  etc.,  see  preceding  text.  Uncertainty  in 
X  is  not  over  3  units  in  the  last  figure.  Numbers  in  the  columns 
A,  S,  and  G  indicate  the1  relative  intensities  of  the  lines  in  the  arc, 
spark  and  Geissler-tube  spectrum,  respectively ;  in  each  case  1 
generally  denotes  the  weakest  and  10  the  strongest  line,  but  very 
weak  lines  may  be  marked  0,  and  very  strong  ones  15,  20,  25,  or 
30.  I,  II,  III  .  .  .  indicate  that  the  line  is  emitted  by  the 
neutral,  the  simply  ionized,  the  doubly  ionized  .  .  .  atom; 
R  =  easily  reversed,  u  =  unsharp,  broad;  U  =  very  unsharp, 
very  broad;  r  [vl  =  unsymmetrically  broadened,  the  excess 
broadening  is  on  the  red  [violet]  side,  i.e.,  towards  the  longer 
[shorter]  wave-lengths;  the  number  of  components  of  an  unresolved 
multiple  line  is  indicated  by  the  letters  d,  tr,  qr,  qn,  s;  where 
d  =  2,  tr  =  3,  qr  =  4,  qn  =  5,  8  =  6. 

Unit  of  X  =  1  A  =  0.1  mu  =  10-V  =  10_8cm. 
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I.  —  (Continued) 

I. — ( Continued ) 

In  .—(Continued) 

Ir. — (Con.tin.ued) 
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Kr. — ( Continued ) 
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4 

3  517.1 

10 

26.4 

9 

25 . 93 

5R 

1 

55.49 

7 

10 

3  380.91 

8 

10 

20.2 

10 

20.39 

5R 

5 

19.83 

5 

6 

44.56 

8 

7 

18.2 

10 

6  296.11 

5R 

5 

13.38 

6 

5 

37.49 

8 

10 

15.0 

9 

93 . 60 

4R 

2 

4  580.06 

6 

3 

03.11 

6 

5 

13.9 

9 

66.06 

4R 

i 

74.85 

8 

5 

3  265.65 

6 

4 

09.1 

8 

62.29 

5R 

6 

70.02 

6 

1 

49.35 

5 

3 

08.5 

7 

49.94 

7R 

5 

67.90 

6 

1 

45.12 

6 

4 

06.3 

6 

6  165.73 

5 II 

58.45 

7 

5 

3  171.7 

10 

2  398.3 

10 

34.42 

5R 

49 . 50 

6 

1 

2  808.36 

5 

3 

94.0 

8 

29.57 

5R 

3 

26.11 

8 

8 

2  651.7 

8 

92.8 

7 

26.09 

4R 

3 

25.29 

6 

8 

10.34 

4 

5 

75.6 

10 

11.74 

4R 

22.38 

9 

10 

2  476.7 

7 

71.5 

8 

08.49 

5R 

4  452.17 

6 

1 

2  379.4 

10 

62.9 

8 

6  068.74 

4R 

29.90 

10 

10 

2  297.8 

7 

59 . 9 

10 

38 . 59 

4R 

27.56 

7 

8 

44.5 

8 

5  930.59 

6R 

3 

4  385.18 

5 

4 

29.2 

8 

5  894.83 

4 II 

83.45 

6 

8 

20.8 

6 

80.63 

5R 

2 

78.09 

7 

4 

Li  (61,  90,  91,  123,  134,  174, 

16.2 

10 

63 . 70 

5R 

2 

54.39 

8 

10 

205 

) 

15.4 

9 

55.59 

4R 

34.97 

6 

8 

X 

A 

s 

14.1 

8 

48.36 

4R 

33.80 

10 

10 

I  74  360 

1 

11.9 

8 

45.03 

4R 

22.53 

6 

5 

I  40  475 

1 

01.6 

8 

29.73 

4R 

4  296.06 

9 

8 

26  891 

1 

00.3 

8 

23.83 

4R 

86.95 

8 

10 

I  875 

2 

2  287.7 

10 

21.99 

6R 

i 

75.64 

4 

4 

I  24  467 

8 

82.8 

10 

08.32 

5R 

i 

69.49 

6 

10 

23  991 

2 

77.4 

7 

05.76 

5R 

2 

63.59 

6 

8 

I  19  290 

1 

73.1 

6 

5  797.59 

7R 

2 

49.99 

5 

6 

18  697 

5 

45.3 

6 

91.33 

7R 

1 

38.39 

10 

10 

I  17  552 

2 

37 . 0 

5 

89 . 23 

6R 

1 

30.95 

4 

6 

13  566 

2 

27.9 

6 

69.97 

5 II 

17.55 

6 

10 

I  12  782 

2 

69.35 

7R 

1 

04.04 

5 

4 

I  232 

1 

La  (61,  74,  77,  78,  90,  91,  145, 

69.07 

7R 

3 

4  196.55 

10 

10 

I  8  126.4 

10 

229,  286) 

61.84 

5R 

1 

92.34 

7 

8 

I  6  707.86 

lOIt 

10R 

X 

A 

S 

44.41 

5R 

52.78 

4 

5 

I  6  240.6 

1 

8  748.42 

2 

40.65 

6R 

1 

51.97 

8 

10 

I  6  103.6 

10R 

10 

8  674.38 

3 

5  648.25 

5 

41.75 

10 

10 

I  4  971.9 

7 

4 

8  545.43 

3 

5  588.34 

4  It 

23 . 23 

10 

10 

I  4  636 

3 

8  346.55 

3 

41.26 

4R 

4  099.55 

7 

10 

I  03.0 

9  It 

10 

24.69 

3 

01.35 

6R 

1 

86.71 

10 

10 

I  02.0 

9  It 

10 

7  483.48 

4 

5  464.39 

5 

1 

77.35 

10 

10 

I  4  273.3 

5 

2 

7  345.34 

4 

55.14 

6 

1 

67.39 

6 

8 

I  4  148 

34.17 

5 

5  301.96 

5 

1 

50 . 09 

6 

10 

I  32.3 

5 

i 

7  282.33 

5 

5  183.41 

8 

5 

42.92 

8 

10 

I  3  985 . 7 

3 

7  161.22 

4 

22.96 

5 

3 

31.70 

7 

10 

I  15 

2R 

i 

7  068.34 

4 

14.54 

6 

3 

25.87 

6 

4 

I  3  794 

5 

66.21 

5 

06.22 

6 

1 

3  995.75 

10 

5 

I  19 

3 

6  925.26 

3 

4  999.46 

6 

3 

88.52 

10 

10 

I  3  232 . 7 

8It 

3  It 

6  774.28 

6 

3 

86.83 

6 

2 

49. 10 

10 

10 

I  2  741  3 

6R 

2R 
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Li. — ( Continued ) 


X 

I  2  562.5 

I  2  475 

25.6 

I  2  394.4 

A 

5R 

4R 

3R 

1R 

s 

Lu*  (65,  76,  90,  91,  130) 

X 

A 

s 

7  125.85 

7 

7  031.18 

4 

6  917.28 

7 

6  793.80 

5 

6  523.16 

10 

6  463.16 

10 

3 

6  345.44 

7 

6  242.42 

i 

1 

35.39 

5 

1 

21.88 

10 

4 

6  199.73 

5 

60. 00 

6 

1 

6  055.05 

6 

04.54 

10 

1 

5  984.11 

10 

I 

83.65 

10 

1 

5  775.39 

6 

36.54 

10 

1 

5  476.70 

10 

10 

02.57 

10 

1 

5  135.11 

10 

1 

5  001.14 

6 

1 

4  994.13 

10 

3 

04.87 

5 

1 

4  839.52 

4 

1 

1  785.45 

5 

3 

1  658.  (K) 

10 

3 

4  518.54 

10 

5 

4  296.02 

5 

1 

81.03 

5 

1 

4  184.24 

10 

10 

24.73 

10 

5 

4  054.46 

5 

2 

3  876.65 

10 

10 

41.15 

7 

2 

3  684.34 

4 

47 . 77 

5 

2 

36.26 

10 

3 

23.97 

10 

10 

3  567.84 

10 

5 

54 . 43 

10 

10 

44.93 

5 

08.41 

10 

3 

07.40 

10 

10 

3  472.49 

10 

10 

3  397.02 

10 

10 

76.54 

10 

5 

59.59 

10 

5 

12.12 

10 

5 

3  281.75 

10 

5 

78.96 

10 

4 

54.31 

10 

10 

3  198.13 

10 

10 

91.78 

2 

10 

18.42 

7 

3 

*  This  list  is  more  or  less  uncertain. 
Lutecium  ■■  Cassiopeium  —  Celtium. 


Lu. — ( Continued ) 

X 

A 

S 

3  081.48 

9 

3 

77.62 

10 

10 

57 . 96 

10 

56.74 

10 

10 

20.56 

4 

10 

2  969.81 

6 

10 

63 . 33 

/ 

10 

51.68 

3 

8 

11.40 

10 

10 

00.32 

10 

10 

2  894.86 

10 

10 

47.50 

5 

10 

2  796.64 

4 

10 

72.60 

10 

54.19 

4 

10 

2  657.83 

4 

10 

15.42 

10 

10 

03.32 

10 

2  578.79 

4 

5 

Mg  (47,  72,  90,  91,  97,  98,  1  00, 
111,  132,  158,  1  74,  198, 


203 

X 

A 

s 

I  23  991 

1 

I  977 

1 

I  963 

1 

I  17  108 

6 

I  15  768 

4 

I  759 

1 

I  028 

6 

I  14  877 

10 

I  12  083 

5 

I  11  828 

10 

054? 

2 

I  10  970 

3 

I  963 

1 

I  813 

3 

I  9  258 

3 

24 

1 

I  8  929 

2 

I  8  806.8 

5 

II  7  896.3 

5 

II  77.1 

4 

I  7  658 

2 

II  6  347.1 

4 

I  18.5 

2 

I  5  711.13 

5 

1 

I  5  528 . 48 

10 

5 

I  5  183.602 

10R 

10 

I  72.680 

10R 

10 

I  67.33 

8R 

10 

II  4  851.1 

5 

II  4  739  6 

5 

I  03  07 

10 

5 

I  4  571.12 

5 

2 

II  4  481 

10 

II  34.0 

8 

II  28.0 

i 

II  4  390.6 

10 

II  84.6 

8 

I  51.9 

8 

2 

I  4  167.6 

4 

1 

II  3  850.4 

6 

Mg. — (C  ontinued 

X 

A 

s 

II  3  848.2 

7 

I  38.29 

10R 

10R 

I  32.17 

10R 

10R 

I  29.36 

8R 

10R 

II  3  538.8 

6 

II  35.0 

5 

I  3  336.69 

10 

8 

I  32  17 

10 

5 

1  29.94 

8 

3 

II  3  104.8 

10 

II  04.7 

10 

I  3  096.92 

10R 

2 

I  93 . 05 

8R 

2 

I  91.09 

8R 

1 

1  2  942  06 

6 

2 

I  38.5 

5 

I  36.8 

■i 

II  36.6 

4 

10R 

II  28.7 

3 

10 

15.5 

3 

8 

I  2  852.130 

10R 

lOIt 

1  48.42 

5 

1 

I  46.78 

4 

1 

II  02.712 

10R 

10R 

II  2  798.0 

10 

II  95.540 

1011 

10R 

II  90.83 

4 

10R 

82 . 988 

6  It 

6It 

I  81 . 43 

6R 

6R 

I  79.85 

8It 

8It 

I  78.29 

6R 

6  It 

I  76.71 

6R 

6  It 

I  36.6 

4 

1 

I  33.55 

4 

1 

I  2  098.2 

5 

I  95.3 

4 

I  93.8 

2 

I  72.6 

8 

I  69.7 

6 

I  68.2 

3 

II  60.82 

5 

II  60.76 

5 

I  2  026 

6 

6 

1  931 

6 

1  886 

5 

64 

4 

56 

5 

I  28 

3 

II  1  753.6 

6 

II  50.9 

5 

44 

5 

41 

5 

II  37 

2 

7 

II  35 

i 

6 

323.2 

4 

20.9 

5 

231.6 

9 

Mn  (39,  54,  75 

90,  91,  103, 

146,  154,  226 

267,  285) 

X 

A 

s 

17  608 

2 

336 

8 

15  965 

10 

Mn.  — (C  ontinued) 

X 

A 

s 

15  263 

10 

218 

8 

14  970 

3 

I  13  997 

10 

I  864 

10 

685 

8 

I  626 

10 

500 

10 

416 

8 

I  318 

3 

I  294 

5 

12  976 

4 

1  900 

8 

307? 

11  782 

6 

614 

4 

378 

2 

I  8  740.9 

3 

I  03.7 

3 

I  8  672 . 1 

2 

I  70.8 

2 

54  6 

2 

8  212.4 

2 

7  942.9 

2 

7  821.3 

2 

7  764.8 

5 

12.4 

5 

10.2 

5 

7  680.20 

5 

46  34 

3 

7  326.55 

7 

02.92 

6 

7  283.80 

6 

47.83 

5 

7  184.29 

5 

51.33 

8 

7  069.86 

4 

6  989.94 

4 

42.55 

5 

6  605.57 

4 

6  491.71 

, 

40.97 

5 

6  382.19 

3 

6  078.40 

3 

I  21.79 

10 

1 

I  16.64 

10 

1 

I  13.50 

10 

1 

5  848.97 

3 

5  780.17 

5 

38.28 

4 

5  567.765 

4 

1 

51.99 

5 

1 

I  37.748 

o 

I  16.773 

8 

2 

05.877 

6 

1 

I  5  481.397 

6 

1 

I  70.639 

8 

2 

32 . 555 

6 

1 

I  20.366 

7 

3 

13.696 

7 

•> 

I  07.432 

7 

•> 

5  399  506 

8 

94  677 

7 

2 
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Mn. — ( Continued ) 

Mn.  —  ( Continued 

Mn. — {Continued) 

Mo.— (Continued 

X 

A 

1  »s 

* 

A 

s 

X 

A 

s 

X 

A 

{*> 

5  377  034 

8 

3 

I  3  823.897 

4 

4 

II  2  593.733 

4  It 

10R 

5  473.35 

6 

6 

I  41.071 

10 

8 

I  23.512 

4R 

6 

92 . 95 

5 

1 

I  5  360.59 

10 

8 

5  255.330 

5 

2 

I  09  599 

6 

6 

II  76.12 

5R 

10R 

I  5  240.94 

6 

3 

5  196.603 

5 

i 

I  06 . 86 

6 

8 

75.51 

5 

1 

I  38.20 

7 

3 

4  965.856 

5 

i 

I  3  610.30 

6 

3 

II  2  452.52 

2  It 

10 

I  5  174.15 

9 

2 

I  4  823.523 

10 

i 

I  08 . 48 

6 

3 

1  993 

5 

I  72.94 

9 

i 

I  4  783.433 

10 

4 

I  07.520 

8 

3 

52.1 

3 

4  979.12 

5 

2 

I  66 . 424 

6 

3 

I  3  586 . 55 

5 

5 

04 

5 

4  868.03 

5 

2 

I  65 . 859 

5 

O 

I  77.8S1 

8R 

5 

1  892.0 

4 

30.52 

10 

4 

I  62 . 375 

9 

4 

I  70.102 

4R 

3 

1  789 

10 

19.26 

10 

4 

I  61.527 

5 

2 

I  69 . 799 

8R 

4 

1  573  (?) 

5 

4  760.20 

9 

9 

I  54.048 

10 

8 

I  69 . 495 

6R 

5 

1  438 

5 

31.45 

10 

1 

I  39.002 

5 

2 

I  48.187 

4R 

3 

1  118 

5 

07.25 

10 

5 

I  27.462 

7 

2 

I  48.022 

4 II 

3 

13 

5 

I  4  626.45 

10 

4 

I  09.704 

7 

2 

1  47 . 792 

5R 

4 

893 

10 

21  .35 

7 

2 

4  626.54 

5 

2 

I  32 . 1 1 

5R 

3 

648 

2 

I  4  595.15 

7 

2 

I  4  502.221 

7 

4 

I  31.999 

5R 

3 

311 

i 

I  76.49 

8 

2 

I  4  498.900 

7 

4 

I  31.838 

4R 

2 

I  24.34 

7 

2 

I  90.09 

5 

3 

I  3  495.840 

5 

6 

4  491.29 

6 

2 

I  72.80 

7 

3 

I  88 . 686 

4 

10 

68.27 

10 

2 

I  70.143 

7 

4 

I  82.918 

4 

10 

34.96 

10 

4 

I  64.681 

7 

5 

I  74.139 

4 

10 

II  33.51 

1 

8 

I  62 . 033 

9 

8 

I  60 . 330 

3 

10 

11.71 

10 

8 

I  61.092 

6 

4 

I  41.997 

5 

10 

Mo  (74,  75>  78 

90,  91,  115, 

4  381.65 

10 

8 

I  58 . 205 

6 

5 

3  330.674 

4 

3 

14G,  154,  157 

,  221,  281) 

II  77.76 

1 

10 

I  57 . 554 

6 

4 

20 . 698 

4 

1 

X 

A 

s 

II  63.65 

1 

10 

I  57.041 

5 

2 

17.30 

6u 

1 

9  348.01 

2 

26.14 

9 

4 

I  55.823 

5 

3 

I  3  258.420 

4 

2 

8  695.53 

2 

I  4  293.89 

9 

3 

I  55.320 

6 

3 

I  56.141 

4 

2 

I  8  389.28 

6 

I  93 . 24 

10 

4 

I  55.019 

6 

3 

I  48.521 

4 

3 

I  28.43 

5 

I  92.21 

9 

4 

I  53.012 

5 

3 

I  43 . 785 

4 

2 

I  8  245.06 

o 

•J 

II  79 . 03 

2 

10 

I  51.59 

9 

3 

I  36 . 786 

6 

3 

7  720.74 

4 

I  77.26 

10 

6 

I  36.357 

7 

5 

28 . 099 

5 

3 

I  7  656.74 

5 

76.92 

10 

5 

I  14.87 

8 

6 

I  12.893 

6 

2 

I  7  485.73 

. 

51.86 

10R 

2 

4  374.942 

4 

2 

I  3  178.528 

8 

i 

I  7  391.36 

5 

50.69 

1 

10 

I  4  281.097 

5 

5 

I  48.190 

4 

i 

7  245.87 

4 

32.61 

10 

5 

I  65.919 

5 

5 

10.69 

5 

i 

I  42.54 

7 

4  188.32 

10 

5 

1  57 . 668 

5 

4 

I  3  079.63 

5 

i 

I  7  134.09 

4 

85.82 

8 

4 

1  39 . 729 

5 

5 

I  62.13 

4 

i 

I  09 . 87 

8 

43.56 

9 

5 

I  35.29 

8 

10 

I  54.38 

4 

2 

I  7  060.23 

4 

I  02.16 

7 

3 

I  35.144 

8 

I  44.570 

4 

2 

6  989.01 

4 

4  084.39 

8 

3 

4  189.99 

4 

4 

II  2  949.21 

6 

10 

14.05 

5 

69.91 

9 

8 

76.60 

4 

4 

I  40.39 

6 

1 

6  886.37 

4 

3  961.49 

3 

10 

31.12 

4 

4 

II  39.31 

6 

10 

38.95 

4 

II  41.50 

1 

10 

1  4  083.638 

6 

6 

II  33 . 06 

6 

10 

6  746.28 

5 

1 

I  02 . 96 

10It 

10 

I  82 . 947 

6 

6 

I  25 . 59 

6d 

1 

I  33.99 

i 

1 

I  3  864.12 

10R 

10 

I  79 . 43 

6 

5 

I  14.61 

8d 

1 

6  650.38 

i 

1 

33.76 

7 

3 

I  79 . 25 

6 

5 

2  889.52 

3 

10 

I  19.15 

9 

8 

I  3  798.26 

10R 

10R 

I  55 . 554 

8 

8 

86.68 

2 

6 

6  519.84 

4 

3 

II  02.56 

2 

8 

I  48.760 

4 

8 

79.49 

i 

5 

6  424.37 

8 

8 

II  3  692.66 

2 

9 

45.20 

4 

5 

I  01.080 

6R 

5R 

6  357.21 

5 

3 

II  88.33 

1 

10 

I  41.366 

8R 

10 

I  2  798.271 

6R 

5R 

I  6  030.66 

9 

10 

51.14 

1 

8 

I  35 . 730 

5R 

8 

I  94.821 

6  It 

5R 

I  5  928.82 

9 

10 

35.15 

2 

10 

I  34 . 489 

8R 

10R 

11.6 

5 

I  5  888.32 

10 

10 

14.25 

8 

3 

33.63 

3R 

3 

05.74 

2 

8 

I  58.28 

8 

10 

3  524.62 

2 

7 

I  33.074 

8R 

10R 

01.70 

3 

5 

I  5  791.84 

10 

10 

04.41 

6 

2 

I  30 . 760 

OR 

10R 

2  695.36 

1 

5 

I  51.42 

10 

10 

3  447.13 

10 

3 
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PERSISTENT  LINES  AND  RAIES  ULTIMES  OF  THE  CHEMICAL  ELEMENTS 

W.  F.  Meggers 


I  ho  spectrochemical  detection  of  the  chemical  elements  is  based 
on  the  identification  of  certain  spectral  lines  which  are  character¬ 
istic  of  the  atoms,  and  the  most  sensitive  lines  depend,  in  general, 
on  the  type  of  excitation.  Sources  in  which  the  excitation  is 
moderate  (Hames,  ordinary  arcs,  uncondensed  discharges  in 
Geissler  tubes)  leave  most  of  the  atoms  in  a  neutral  condition, 
and  the  class  I  spectra  predominate.  More  vigorous  excitations 
1  high  potential  condensed  sparks,  discharges  in  gas  or  vapor  at  low 
pressure,  etc.)  which  ionize  most  of  the  atoms  develop  the  class  II 
spectra,  while  still  more  violent  discharges  bring  out  the  III  and 
higher  classes  of  spectra  corresponding  to  successive  stages  of 
ionization.  Successive  ionizations  are  increasingly  difficult  to 
produce,  the  spectra  shift  into  the  far  ultraviolet  and  are  for  the 
most  part  still  unknown;  practical  spectrochemical  identifications 
are  therefore  limited  almost  entirely  to  arc  and  first  spark  spectra. 
The  following  lines  have  been  established  empirically  or  from  the 
rules  of  spectral  structure  to  be  persistent  in  these  spectra;  the 
most  sensitive  line  or  raie  ultime  is  printed  in  bold  face.  In 
many  cases,  e.g.,  the  halogens,  the  true  raies  ultimes  lie  in  the 
Schumann  region  (vacuum  spectroscopy),  and  the  persistent  lines 


in  the  region  readily  observed  by  ordinary  spectrographic  methods 
(2000  to  9000  A)  are  far  less  sensitive. 

The  true  raies  ultimes  are  the  strongest  lines  in  the  spectra;  they 
arise  from  the  most  probable  electron  transitions  in  the  atom.  In 
general,  the  excitation  of  these  lines  involves  a  transition  of  a 
single  electron  in  such  a  way  that  the  atomic  energy  is  changed 
from  the  normal  state  to  one  in  which  the  quantum  numbers  l  and 
j  are  each  increased  by  one  unit.  The  combinations  of  spectral 
terms  (energy  states)  giving  rise  to  these  lines  appear  in  the  last 
column;  they  show  which  spectra  have  been  analyzed  as  to 
spectral  structure  and  describe  the  normal  states  of  the  atoms 
W  ~  A  3,  etc.,  for  S,  I D,  F ,  etc.,  terms;  j,  the  inner  quantum 
number,  appears  as  a  subscript  to  the  term  symbol;  v.  p.  392). 

Persistent  Lines  and  Raies  Ultimes 

Arranged  by  Elements 

The  wave-lengths  (X)  tabulated  below  refer  to  air  at  15°C  and  1 
at  in.,  except  those  shorter  than  1800  A,  which  are  vacuum  values. 

Unit  of  X  =  1  A  =  10-8  cm. 
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and  forms. 

Inorganic  compounds  in  solu¬ 
tion,  except  the  metallic 
salt-derivatives  of  organic 
compounds. 
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Ultra-violet  and  visible. 

Numerical  data  for  the  ultra¬ 
violet  and  visible- 

Organic  compounds  and  their 
metallic  salt-derivatives. 

Bibliography  and  index. 
Infra-red. 

Ultra-violet,  and  visible. 

Numerical  data  for  ultra¬ 
violet  and  visible. 

Abbreviations,  Signs,  Sym¬ 
bols  and  Forms 
All  literature  referred  to 
contains  an  absorption  curve  of 
the  substance  in  question  unless 
otherwise  indicated. 

t  The  article  contains  some 
description  of  the  absorption 
but  no  curve. 

}  The  article  contains  either 
numerical  data  or  a  curve 
based  on  quantitative 
measurement  of  the  extinc¬ 
tion  coefficients. 

EtOII,  Et20,  alk.,  etc.  Abbre¬ 
viations  for  solvents  in  which 
the  determinations  were 
made. 

EtOII  +  IICl  The  solvent  is 
a  mixture  of  the  two  ingre¬ 
dients  indicated. 

EtOII,  (  +  HC1),  (+alk.),  etc. 
The  solvents  are  ethyl  alco¬ 
hol,  EtOH  +  II  Cl,'  and 
EtOII  +  alkalies  (as  NaOH, 
KOH,  etc.). 

P  The  absorption  measure¬ 
ments  are  made  of  the  pure 
substance  in  the  liquid  state. 

Yap.  The  absorption  meas¬ 
urements  are  made  in  the 
vapor  state. 


Matures 

Abreviations,  signes,  symboles 
et  formes. 

Composes  inorganiques  en  solu¬ 
tion,  k  l’exception  des  sels 
mbtalliques  derivds  des 
composes  organiques. 

Bibliographic  et  index. 
Infra-rouge. 

Ultra-violet  et  visible. 

Donndes  numeriques  pour 
l’ultra-violet  et  le  visible. 

Composes  organiques  et  leurs 
sels  metalliques  ddrivds. 

Bibliographie  et  index. 
Infra-rouge. 

Ultra-violet  et  visible. 

Donnees  numeriques  pour 
l’ultra-violet  et  le  visible. 

Abreviations,  Signes,  Sym- 
boles  et  Formes 
Toutes  les  sources  biblio- 
graphiques  mentionnees,  con- 
tiennent  une  courbe  d ’absorp¬ 
tion  de  la  substance  en  question, 
a  moins  d’une  autre  indication, 
f  L’article  contient  une  de¬ 
scription  de  1’absorption  mais 
aucune  courbe. 

t  L’article  contient  ou  des 
donnees  numdriques  ou  une 
courbe  basde  sur  la  mesure 
quantitative  des  coefficients 
d’extinction. 

EtOH,  Et20,  alk.,  etc.  Abrevi- 
ations  pour  les  solvants  dans 
lesquels  les  determinations 
ont  dtd  faites. 

EtOH  +  HC1  Le  solvant  est 
un  melange  des  deux  sub¬ 
stances  indiquecs. 

EtOH,  (  +  HC1),  (+alk.),  etc. 
Les  solvants  sont.  l’alcool 
dthvlique,  EtOH  +  HC1,  et 
EtOH  +  alealis  (comme 
NaOH,  KOH,  etc.). 

I’  Les  mesures  d ’absorption 
ont  dtd  faites  pour  la  sub¬ 
stance  pure  it  l’dtat  liquide. 

Vap.  Les  mesures  d’absorp- 
tion  ont  dtd  faites  pour  la 
substance  k  l’dtat  de  vapeur. 


Inhaltsverzeichnis 
Abkiirzungen,  Zeichen,  Sym- 
bole  und  Formen. 
Anorganische  Verbindungen  in 
Losungcn,  die  Metallsalz- 
abkommlinge  organischer 
Verbindungen  ausgenom- 
men. 

Literatur  und  Index. 
Infrarotes  Gebiet. 
Ultraviolettes  und  sicht- 
bares  Gebiet. 

Numerische  Daten  fur  das 
ultraviolette  und  sichtbare 
Gebiet. 

Organischc  Verbindungen  und 
deren  Metallsalzabkomm- 
linge. 

Literatur  und  Index. 
Infrarotes  Gebiet. 
LUtraviolettes  und  sieht- 
bares  Gebiet. 

Numerische  Daten  fur  das 
ultraviolette  und  sichtbare 
Gebiet. 

Abkurzungen,  Zeichen, 
Symbole  und  Formen 
Samtlich  hier  angegebene 
Literatur  enthalt  eine  Absorp- 
tionskurve  der  in  Frage  ste- 
henden  Substanz,  ausser  es  ist 
etwas  anderes  angegeben. 
f  Der  Abschnitt  enthalt  einige 
Angaben  iiber  die  Absorption 
aber  keine  Kurve. 
t  Der  Abschnitt  enthalt  ent- 
weder  numerische  Daten  oder 
eine  Kurve,  die  sich  auf 
Grand  quantitativer  Mes- 
sungen  des  Extinktionsko- 
effizienten  ergeben. 

EtOH,  Et20,  alk.,  etc.  Abkiir- 
zungen  fur  die  Losungsmit- 
teln  in  welchen  die  Messun- 
gen  ausgefiihrt  worden  sind. 
EtOH  +  HC1  Das  Losungs- 
mittel  ist  eine  Mischung  der 
zwei  angegebenen  Kompo- 
nenten. 

EtOH,  (+HC1),  (+alk.),  etc. 
Die  Losungsmitteln  sind 
Athvlalkohol,  EtOH  +  IICl 
und  EtOH  +  Alkalien  (wie 
NaOH,  KOH,  u.  s.  w.). 

P  Die  Absorptionsmessungen 
sind  an  reinen  Stoffen  in 
ffiissigem  Zustande  gemacht 
worden. 

Vap.  Die  Absorptionsmessun¬ 
gen  sind  an  Stoffen  im  gas- 
formigen  Zustande  ausge- 
fiihrt  worden. 


Abbreviazioni,  segni,  sim- 

boli  e  formule .  326 

Composti  inorganici  in 
soluzione,  eccezione 
fatta  dei  sali  metallici 
derivanti  da  composti 
organici . 

Bibliografia  e  indice. 


Infrarosso .  327 

Ultravioletto  e  visibile  327 

Valori  numerici  per 
l’ultravioletto  e  il 
visibile .  327 


Composti  organici  e  loro 
derivati  metallici  di 
natura  salina. 

Bibliografia  e  indice. 

Infrarosso .  331 

Ultravioletto  e  visibile  334 

Valori  numerici  per 
l’ultravioletto  e  il 
visibile .  359 

Abbreviazioni,  Segni. 

Simboli  e  Formule 
Tutte  le  pubblicazioni  alle 
quali  ci  si  riferisce  contengono 
una  curva  di  assorbimento  della 
sostanza  in  questione  a  meno  che 
non  venga  altrimenti  indicato. 
t  L’articolo  eontiene  qualche 
indicazione  sopra  l’assorbi- 
mento  ma  non  eontiene  curve, 
t  L’articolo  eontiene  valori 
numerici  oppure  una  curva 
basata  su  misure  quantitative 
dei  coefficienti  di  estinzione. 

EtOH,  Et20,  alk.,  etc.  Abbre- 
viazione  persolventi  nei  quali 
furono  fatte  le  determina- 
zioni. 

EtOH  +  HC1  II  solvente  6 
una  miscela  delle  due  sos- 
tanze  indicate. 

EtOH,  (+HC1),  (-balk.),  etc. 
I  solventi  sono  alcool  etilico, 
EtOH  +  IICl.  e  Et(  >11  - 
aleali  (come  NaOH,  KOH, 
etc.). 

I’  Le  misure  degli  assorbi- 
menti  si  riferiscono  alia  sos¬ 
tanza  pura  alio  state  liquido. 

Vap.  Le  misure  dell’assorbi- 
mento  si  riferiscono  alio  stato 
di  vapore. 
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ABSORPTION  SPECTRA  OF  SOLUTIONS  OF  INORGANIC 
COMPOUNDS  EXCEPT  THE  SALT-DERIVATIVES  OF 
ORGANIC  COMPOUNDS 

Scope. — Complete  literature  references  are  Riven  for  absorption 
measurements  of  solutions  of  inorganic  substances  in  the  infra-red 
region.  For  the  visible  and  ultra-violet  region  an  index  is  given 
below  to  the  numerical  data,  and  literature  references  for  work 
published  since  1910  except  that  of  H.  C.  Jones  and  his  collab¬ 
orators  who  have  examined  the  absorption  spectra  of  several 
hundred  inorganic  substances  in  solution.  The  results  of  their 
work  have  been  collected  elsewhere  (341.5,343,343.5,344,345) 
and  are  supplementary  to  this  report. 


Table  2\-3Y  Standard  Arrangement 
(v.  Vol.  Ill,  p.  viii) 

The  solvent  is  water  unless  otherwise  stated 


Formula 

Solvents  and  literature 

HC1 

Infra-red 

;  (M  si) 

1 

CC14  (i 69 f) ;  EtOH,  CS2  (99) 

HjS04 

(!,-(-  1  03,  489) 

NH, 

(lit  169.t  20°) 

HNOj 

(l.f  489) 

NH4NO1 

(107,  2  07,-)-  343, |  489) 

NH4C1 

(207,)-  343)) 

NH4Br 

(344) 

(NH«),S04 

(1  6  9  f  ) 

SiHClj 

(347t) 

ZnS04 

(107,  344,  582) 

Zn(NO,)j 

(107,  344,  582) 

CuCl2 

(50, -)-  1  07,  1  66, |  326-)) 

CuBrj 

(3  2  6  f) 

CuS04 

(5°,  f  53.t  78.t  166,  )  452, |  489f).  cj 

CuS04.4NH|.Hj0 

Fig.  5 

,50t) 

Cu(CjHjOi)» 

(50t) 

AgNOj 

(*  °7) 

CoF2 

(326  J) 

CoC12 

(106,  326J).  MeOH,  EtOH,  PrOH 

CoBr2 

(345J) 

(326J) 

CoI2 

(326  J) 

CoS04 

(326, J  345, J  489-)-) 

Co(NOt)* 

(326,  £  345,+  489+) 

Co  salts 

(78t) 

NiCl2 

(326t);  MeOH,  EtOH,  PrOH  (345  + 

NiBrj 

(326  f) 

NiS04 

(106,  345,+  489-)) 

Ni(NO*)» 

(50,|  106,  345+) 

NiCl2.6NH, 

(345  J) 

Ni(C2HjO*)t 

(106t) 

Ni  salts 

(78t) 

Cr('lj 

(3  4  5 1) 

Cr2(S04)» 

(1  06,  345 J) 

Cr(NOi)* 

(345J) 

ua4 

(5  0  t) 

A1C1* 

(1°7) 

Alt(S04), 

(107,  169, |  207,  343) 

ARNO,), 

(107) 

A12(S04)i.(NII4)iS04.24Hj0 

(1  03,  169)) 

FeCl, 

(5) 

FeClj 

(5,  50, f  169,+  326) 

FeBrj 

(5,  326) 

FeS04 

(S,  1  66  |) 

Fe2(S04)» 

(5,  489)) 

Formula 

Solvents  and  liti  rat  lire 

Fe(  N  0,1, 

(5J 

Fe2(S04  ij.(NH4)*S04.24H2C 

(103, 345+ 

Fe(C2Ha02)2 

(50t) 

ScClj 

With  chlorides  of  Yb,  Yt,  La  |103) 

\  Cl, 

With  chlorides  of  Sc,  Yb,  La  (i°3) 

LaCl, 

With  chlorides  of  Sc,  Yb  Yt  (i°3) 

La(NO,), 

(103) 

NdCl, 

(342,  343);  EtOH  (344) 

NdBr, 

(342) 

Nd2(S04), 

(342) 

Nd(NO,), 

(103,  342,  343 

X  d(C2H3Oi)a 

(342) 

(Pr,  Nd)(NO,), 

(103) 

YbCl, 

With  chlorides  of  Sc,  V t ,  La  (i°3) 

MgCl2 

(107,  207,  343,  344,  582 

MgBr, 

(344,  582) 

MgS04 

(344,  582) 

Oa)2 

(107);  EtOH,  Mc2CO  1 3 4 4) 

CaCl2.2H20 

(207,  343,  344,  582  | 

SrCl2 

(1°7) 

LiOH 

(107,  200) 

NaOH 

(107,  200) 

NaCl 

(107,  166,  )  347  +  ) 

X  iioXoOa 

(1°7) 

NaNO, 

(344) 

Na20.Si02 

(103,  489) 

Na2B407 

(103) 

KOH 

(107,  200)-) 

KC1 

(91,  207, f  343, f  344,-)  5«2)) 

KNO, 

(343,  f  4  8  9-)) 

KMnO( 

(103,  345+) 

K,Fe(CN), 

(SOf) 

K4Fe(CN), 

(5°  f) 

K2Ni(S04)2 

(5°  t) 

K2Cr04 

(5  0,f  53f) 

KjCr  2O7 

(50,  )  166)) 

Cr2(S04),.K2S04.24H20 

(50,-)  106-)) 

KCr(C204)2 

(1  86  f) 

A12(S04),.K2S04.24H20 

(103,  1  48,-)  169-)) 

CsOH 

(200 

Ultra-violet  and  Visible 

h2o2 

(552) 

HC1 

(81t);  Cf.  Fig.  1 

HCIO 

(562,  568) 

HBrO 

(568) 

IIBrO, 

(568,  660) 

I  J 

(176-2);  CC14  (83.2,94,612);  CS2. 
Ac20,  Ph.Me,  C»H4Me2  (<85); 
C’HCla  (94,  1  16,  387,  485,  612, 
646);  MeOH,  II20  (6i 2 > ;  EtOH 

(83.2,  94,  116,  386,  387,  485,  61  1, 

612);  PrOH,  iso- PrOH,  .<«■<-. -BuOII, 
NaOH  (623  .  AcEt  *«  ,  <  ,  li 

(94,  485,  646);  C,H14  (H«,  387, 
646  ;  HjO  +  KI  (83.2  ;  E,tO  (118, 
387) 

IIIO, 

182,  568,  660)) 

s 

CCl4t  CS2,  C,II4  («5 4) 

II2S 

659, 660)) 

II2SO, 

,9>t  1 7 4,  J  182,)  562,  567,  660, 

66 *);  cf.  Fig.  7 

h,so4 

4  71.5+  ;  metallic  salts  ( *  1 4  f) 

HNOt 

(1  8  2,  ♦  660) 
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Formula 


Solvents  and  literature 


Ultra- 


UNO, 


NHjOH 

NHtNOi 

NH4NOj 

NHjOH.HCI 

NII4Br 

NOj.SOsH 

HONO.SO3H 

nh2.so,h 

nh4.hso» 

H,As03 
II 3AS04 
AsCl. 

As2S6 

SbClj 

Sb  (complex  salts) 
B1CI3 

Bi(C104). 

BiBr3 

Bij(S04)8 
Bi(N03)3 
Bi  (complex  salts) 


violet  and  Visible. — ( Continued ) 

(182]);  P  (564);  H20  (S62>  563> 

564);  Et,0  (562,  563,  564);  EtOII 
(562,’  563);  Yap.  (564) 

(25t) 

Eton  (25) 

(561) 

H20  (276t) 

(81i) 

H2S04  (2S) 

(25t) 

H20  (25) 

(174, 

(182,]  659,  660  ]) 

(182]) 

(422t) 

(79t) 

(4»2  J) 

(407) 

(422+);  in  various  solvents  (569) 
(566,  569) 

H,0,  (  +  HBr),  Et20  (569) 

II2S04  (569) 

(566) 

(569  ) 


Si(CsH5)4 

Si(0H)2(C6H5CH2)2 
[SiOH  (CeHsCHo)  2]  20 
[SiO(C6H6CH2)2]3 
Si,(0H)2[(C«H5CH2)2],02 
Ge 

Sn  (complex  salts) 

Pb(N03)2 

Th(N08)4 

ThCl4 

T12S04 

T1NO, 


CHC1,  (522) 

EtOH,  (+alk.)  (551) 
EtOH  (551) 

CHCl,  (551) 

EtOH  (551) 

(485.5]) 

(587,  588) 

(272,  561) 

(272, |  561,  566) 

(2  72  f) 

(272t) 

(272, ]  566) 


ZnCl2 

Zn  (complex  salts) 
CdCl2 

Cd  (complex  salts) 
Hg 

HgCl2 

Hg(C104)2 

HgBr2 

Hgl2 

HgNO, 

Hg(N03)2 

Hg(CH,)2 

Hg(C2H6)2 

Hg(C6H6)2 

Hg(C6H6GH2)2 

HgCHjCl 

HgC2H6Cl 

IlgCII  Br 

HgCHjI 

HgCtHJ 

HgN(CH2C0)20II 
Hg(C,H5ONH)2 
Ilg  (complex  salts) 
CuCl2 

Cu(C104)j 

CuBr2 


(181  J);  cf.  Fig.  3 

(587,  588) 

(i  81 1);  cf.  Fig.  3 

(587,  588) 

(176. 2f) 

(113,  181,  J  390);  cf.  Fig.  3 
(390) 

(1  1  3,  390) 

(113,  390) 

(113,  562,  566) 

(113) 

Et20  (113) 

EtOH  (H3) 

EtOH  (386);  CHOI 3  (537) 

CHOI,  (537) 

(390);  EtOH  (H3) 

(390);  EtOH  (H3) 

EtOH  (113) 

EtOH  (113) 

EtOH  (113) 

(390) 

(390) 

(1 1  3,  341,  587) 

(87, f  110,  178, J  179,  181  J);  EtOH, 
Me2CO  (332);  Cf.  Fig.  5 
(221) 

r»7t);  EtOH,  Me2CO  (332) 


Formula 

Solvents  and  literature 

CuS04 

(87, f  221,  452  J)  ;  cf.  Fig.  5 

Cu(NOj)2 

(163,  561,  566);  EtOH,  Me2CO 

(332);  cf.  Fig.  6 

Cu(NOj)2.6NHj 

(163) 

CuC12.6NH, 

(488) 

Cu(HONO.SOa) 

H2S04  (2  5) 

Cu  salts 

HA  EtOH,  CHClj  (168) 

Cu  (complex  salts) 

(87,+  587,  589,  590) 

Ag2S04 

(2  72  f) 

AgN03 

(272, -)■  561,  562,  566,  657J) 

Ag  (complex  salts) 

(587,  588) 

Au  sols 

(49.5,  483J) 

Ir  (complex  salts) 

(4,  408) 

H2PtCl6 

HoO,  EtOH  (221,  230) 

CuPtCl6.18NH, 

(488) 

Pt  (complex  salts) 

(408,  587,  588) 

Rh  (complex  salts) 

(408) 

MnCl2 

(34°) 

MnCl, 

(34°) 

MnCl4 

(34°) 

MnS04 

(34°) 

Mn2(S04), 

(34°) 

Mn(NOj)j 

(561) 

Zn(Mn04)2 

(458,  503) 

Mn  (complex  salts) 

(4°7) 

Fe  (complex  salts) 

(88,  407,  408) 

CoF2 

(320,  328,  330) 

CoC12 

(330);  EtOH  010>  227,  332); 

Me2CO  (332);  h20  (no);  MeOH 

(408) 

CoBr2 

(lio,  328,  330);  EtOH,  Me*CO 

(332) 

CoI2 

(328,  330) 

CoS04 

(320,  328,  330) 

Co(NO,)2 

(162,  320,  328,  330,  460, J  561); 

EtOH,  Me2CO  (332) 

Co  (complex  salts) 

(407,  408,  420,  444,  470,  492,  585, 
586,  591,  643);  CHCl,  (123f) 

NiCl2 

(327, J  328, J);  EtOH,  Me2CO  (332  J) 

NiBr2 

(327, J  328,];  332]) 

Nil, 

(327,]  328]) 

NiS04 

(327,]  328]) 

Ni(N03)2 

(164,  327,]  328,]  332,]  561) 

Ni(CO)4 

(408) 

Ni  (complex  salts) 

(470,  589,  590) 

H2CrO„ 

(221) 

Cr,(S04), 

(1  9  7) 

Cr  (complex  salts) 

(88,  167,  407,  589,  590) 

UC12 

Various  solvents  (459,f  +6if) 

uso4 

Various  org.  solvents  (459f) 

IT  (complex  salts) 

(449, f  450,]  451) 

A1C1, 

(1  7  9  J)  ;  cf.  Fig.  3 

A1  (complex  salts) 

(588) 

Ce(NOj)» 

(566) 

PrCl, 

(4,  15,]  48,]  321,+  662) 

Pr2(S04), 

(15t) 

Pr(NO,), 

(IS,]  321]) 

NdCl, 

(4, f  15,]  47, f  49, f  110,  173,]  321 
596,]  662) 

Nd2(S04), 

(15) 

Nd(NO,), 

(15,  47,]  32  1  f) 

Di  salts 

(4,f  52  9+) 

SaCl, 

(662) 

SatNO*), 

(499+) 
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Formula 

Solvents  and  literature 

Formula 

Solvents  and  literature 

Ultra-violet  and  Visible. — (Continued) 

LiNO, 

1 (561) 

Eu(NOj), 

i  498,  499) 

Na 

MeNHj  (188t i;  liq.  NH,  (187, { 

DyClj 

( 662) 

1881) 

HoClj 

(662) 

NaCl 

(81, J  544);  Cf.  Fig.  1 

Ho(NOi)» 

(32  2  f) 

NaCIO 

(380, (■  562,  568) 

ErCU 

(662) 

NaCIO, 

(568) 

TmCl, 

(662) 

NaBr 

(81, X  544) 

Be(NO»)j 

(566 

NaBrO 

(568) 

Mg 

MeNHj  (188ts  liq.  NH,  (»8M 

NaBrO, 

(568,  660-f) 

188J) 

Nal 

(81, {  544) 

MgClj 

(1S1,+  495+);  cf.  Fig.  2 

NaIOa 

(568,  660  (■) 

Mg(NOi)* 

EtOH  (563) 

Na,S 

(659,  660  |) 

Ca 

MeXHt,  liq.  NH,  (i  88J) 

Na,SO, 

(19,+  182,+  562,  660,  661);  H,0, 

CaClj 

(181, J  495  +  );  cf .  Fig.  2 

II2S04  (567);  cf.  Fig.  7 

Ca(NO>)i 

(561);  EtOH,  11,0  (240) 

NaHS 

(660  t) 

Ca(MnO()i 

(2 f) ;  H,0,  Me, CO,  MeOH,  C4H»N, 

NaHSO, 

(174,+  182,+  562,  567,  660  ;  cf.  Fig. 

Me,CNOH,  EtOH  i<S8f) 

7 

Ca,Fe(CN), 

(230) 

NaNO, 

(113,  660 

SrClj 

(1  81,  J  495  J);  cf.  Fig.  2 

NaNO, 

(113,  1  82, J  209, |  561,  562,  563);  ct 

Sr(NO»)» 

(561) 

Fig.  6 

BaCls 

(1«1 ,%  <95  +  );  Cf,  Fig.  2 

(Na0N),0 

H-0  (251 

Ba(NOi)« 

(182,f  209,+  561);  cf.  Fig.  6 

Na.AsO, 

(659,  660+) 

Ba(Mn04), 

(5°3);  h20,  various  solvents  i458 

Na.AsO, 

(182J) 

Li 

MeNHfc  liq.  NII,  < » 88t> 

NaHsAaO, 

(659,  f  660 )•) 

LiCl 

(81, J  544);  cf.  Fig.  1 

Na,HAsO, 

(659,  f  660  )  ) 

LiBr 

(544) 

NajPtCL 

(221,  230) 

Li  I 

(«1  t) 

Na4Fe(CN), 

(230) 
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FIG.  4 

Potassium  Chromate  in  0.05 
_ •  (577) 
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Formula  |  Solvents  and  literature 


Ultra-violet  and  Visible. — {Continued) 


Iv 

MeXH2,  liq.  NII3  088t) 

KOH 

(4  7 1 . 5  J) 

KBr 

(81t);  H,0  +  Na2S20,  (83-2) 

KI 

(8M  H2O  +  Na2S20j  (83-2) 

kio3 

(182  J) 

KjSO* 

(471.5  J) 

IV2S2O5 

(19»t  567);  c/.  Fig.  7 

K2S20(> 

H.O,  HjSO,  (471.5J) 

KHSOj 

OM  174J) 

INFRA-RED  ABSORPTION  S PECTRA— ORGANIC  SOLUTIONS 
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Formula 

Solvents  and  literature 

Ultra-violet  and  Visible. — ( Continued ) 

KNO, 

(1S2J) 

KNO, 

(182, |  209, J  561,  562,  563,  565,  625 

657);  f/.  Fig.  0 

(KSO,)2NO 

H20  (25) 

(KSO,),NOH 

I120  (25) 

K3A.SO3 

(182J) 

K,PtFs 

(580) 

KjPtCU 

(408) 

KjPtCU 

(221,  408,  580) 

K2Pt  Br6 

(580) 

K*PtIj 

(580) 

KMnO* 

(2,  3,  193,  208, J  340,  503,  547 

645J);  H2S04,  MeOH,  Me2CO 

AcOII,  CJUN,  KOII  (228) 

various  solvents  (458) 

K2Mn04 

(340) 

KCo(NH3)2(N02)4 

11,0,  MeOH,  C6H6N  (22 1) 

K2Co(CNS)4 

(227) 

K,Co(CN)6 

(407,  588) 

K2Cr04 

(221,  574*);  KOI!  (213  J);  c/.  Fig. 

A 

K2Cr207 

(221) 

K,Cr(CN), 

(407) 

K,Fe(CN), 

(177,  407,  492) 

K4Fe(CN)e 

(177,  221,  230,  492,  588) 

RbCl 

(81t);  cf.  h'ig.  1 

Rbl 

(81t) 

RbHSO, 

(1  74  J) 

Cs 

MeNII,  (i  J) 

Csl 

(81t) 

ORGANIC  COMPOUNDS  AND  THEIR  INORGANIC  SALT- 

DERIVATIVES 

Scope. — The  following  bibliographic  index  serves  also  as  an 
index  to  the  numerical  data,  given  as  curves,  on  p.  359-379.  The 
bibliography  includes  all  organic  substances,  exclusive  of  dyes, 
whose  absorption  spectra  have  been  measured.  In  the  infra-red 
region  all  measurements  are  quantitative;  in  the  ultra-violet  a 
very  large  proportion  are  purely  qualitative  and  are  based  on  the 
change  of  the  limits  of  absorption  with  the  length  of  the  path. 

Arrangement. — The  organic  compounds  are  arranged  according 
to  the  (T -arrangement  ’  and  their  inorganic  salt-derivatives  are 
grouped  immediately  after  the  parent  compound.  Substances  to 
which  a  formula  cannot  be  assigned  are  listed  at  the  end  of  each 
section  (p.  334  and  p.  356). 

for  reference  texts,  .see  (297,  348).  The  solvent  is  ethyl  alcohol 
unless  otherwise  stated. 

(T -Table. —  d -Arrangement 
(e.  Vol.  Ill,  j).  viii) 

Formula  | _ Name,  solvents  and  literature 

Infra-red 

CClfO  Phosgene  (437) 

CCljS  |  Thiophosgene  (437t) 

CCR  Carbon  tetrachloride  (l°i,  126,*  169,*  336,*  347,+ 

501  f) 

COS  Carbonyl  sulfide  (346) 

CSj  I  Carbon  disulfide  (6,  7,  12,  101,  126,*  169, *  336, * 

3 4 7 » J  501  »t  555t);  Vap.  (6»t  7,  9,  12,  556,*  557*) 
CHBr»  Bromoform  (i52,  169,*  336,*  347 1) 

CHCli  Chloroform  (i>f  52-4>  101,  149,  151,*  152,  169,* 

336, f  347, J  437,  627);  Vap.  (1  26, J  149,  373*) 

CHI,  Iodoform  (ioi) 


Formula 

Name,  solvents  ami  literature 

CHN 

Hydrogen  cyanide  (46>  8S,  313*);  Vap.  (85) 

CH,Br, 

Methylene  bromide  (152) 

CH2C12 

Met hylene  chloride  (152,  1 69, *  336 * t 

ch2i2 

Methylene  iodide  ( * 5 2 ,  169,*  336* 

ch2o2 

Formic  acid  ( 1  f) ;  Vap.  (373f 

CH,C1 

Methyl  chloride:  Vap.  (556, *  557*, 

CH,I 

Methyl  iodide  (i>*  ,00)t  ioi,  152,  169,*  336, f  soi,* 
502) 

CH3NO, 

Nitromethane  (101) 

ch4 

Methane:  Vap.  (6,f  7,  to,*  n,  ioo,*  101,  ios,* 

1°9,  f  124,*  125,*  126,*  313,*  541,*  556, f  557*) 

CIJ40 

Methyl  alcohol  (i.f  8,  73,+  169,*  345,*  347,*  375,+ 
37  6,  f  377»f  501,*  502,*  652);  Vap.  (1  f  373*) 

C2C14 

Tetrachloroet hylene  (i°i>  169*) 

(CN)2 

Cyanogen:  Yap.  (85,  556,*  557*) 

c2hcu 

Trichloroethylene  (592.2) 

c,hcuo2 

Trichloroacetic  acid  (52.4) 

c,h2 

Acetylene:  Vap.  (6if  »,*  ss,  ioo,*  101,  126,*  313, , 

349,*  376,*  556,*  557*) 

c2h2ci2 

Dichloroethylene  (592.2) 

C  •_>  1 1  o  C  1*202 

Diehloroacctic  acid  (52-4) 

c2h2cu 

Tetrachloroethane  (592.2,  627) 

C2H3C102 

Chloroacetic  acid  (52.4) 

C2H3C1302 

Chloral  hydrate  (i°2) 

c,h3n 

Acetonitrile  (i°i) 

c,h3ns 

Methyl  isothiocyanate  (ioo,  101 

c2h4 

Ethylene  (7,  9,*  100,  101,  126, *•  313,*  349,  436,  556, 
557*) 

C2H4Br2 

Ethylene  bromide  (101,  152,  169*) 

c,h4ci2 

Ethylene  chloride  (1  52,  169,*  336,*  592.2) 

c,h4ci2 

1,  1-Dichloroethane  (336f  i 

c»h4o 

Acetaldehyde  (i>*  169,*  376,*  652) 

c2h4o2 

Acetic  acid  (i » f  52.4,  ioi) 

C2HsBr 

Ethyl  bromide  (i » f  1  52,  169,*  336*, 

C2IUC1 

Ethyl  chloride  (i52) 

C2HsI 

Ethyl  iodide  (l»f  i°o,*  101,  152,  169,*  336,*  502*)- 
Vap.  (349f) 

c2h6no2 

Nitroethane  (ioi) 

C2H5N03  > 

Ethyl  nitrate  (if) 

C2iu 

Ethane  (ioo,*  1  °i ,  3 1 3,  375*) 

c2h6o 

Ethyl  alcohol  (i>f  8i  73>t  i°i,  >  69,*  336,*  345,+ 
347,*  377i*  41  7,  501,*  555,*  558,*  592.2,  652,  653  f)  • 
Vap.  (373if  556,*  557,*  558*);  Xu  salt  (652; 

c2iuo 

Methyl  ether  (ioi.  50 1 » t) ;  Vap.  (9,*  ioo,*  313) 

c2h„o. 

Glycol  (169,*  652) 

CjILS 

Ethylmercaptan  (ioi,  347J) 

c2ii7n 

Ethylamine  ( i 6  9  * ) 

c2h8n2 

Ethylenediamine  (169*) 

c3ii4o 

Acrolein  (437f) 

t  slUBr 

Allyl  bromide  (169*) 

C,HjCI 

Allyl  chloride  (169*) 

C,H»I 

Allyl  iodide  (169*) 

c,h4n 

Ethyl  cyanide  (i°i) 

C,H»NS 

Ethyl  isothiocyanate  (ioo,  ioi*) 

C,H«Br2 

Trimethvlene  bromide  (>69*) 

C.H.O 

Allyl  alcohol  (l|f  soi,*  652 

C,HeO 

Propionaldehyde  (378it  437 

C.H.0 

Acetone  (IOI,  152,  169,*  374,*  375,*  376,*  378, t 

437,  627);  Yap  (1  01) 

C,H,Oj 

Propionic  acid  (i  f) 

c,iuo2 

Methyl  acetate  (52.4,  9i,  101,  169,*  366,*  376, t 
592.2,  652);  Yap.  (349* 

C.H.O, 

Methyl  carbonate  (ioi 

C,H;Br 

Propyl  bromide  (152  , 

C,H7I 

Propyl  iodide  <  * » f  >52) 
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1*  orruula 


c,h7i 

C3II80 

C3IIsO 

C3H,Ot 

C3H803 

C,H,N 

C3II12Ns03 

C4H4S 

CTHsN 

C\H6NS 

C4Il603 

C4II0O5 

c4h8o 

CLH.O 

c4h8o 

c4h8o2 

C4IL02 

C4H802 

C4Hs02 

C4H9Br 

C4H9C1 

c4h9i 

g4h9no2 

C4H10 

C4H10O 

c4h10o 

C4H10O 

C4H10O 

C4H10O 

c4h10o 


C4H,o03 

C4H10O4S 

C4HI0S 

C4H„N 

C4H„N 

c6h4o3 

c6h6n 

c6h5o 

c6h8o 

C.ILO, 

C5H804 

C*HioO 

C8H,oO 

c8hi0o 

c6h,„o2 

CsH.oOj 
(  «HioOs 
C'3II  1  o02 
C8H,oO, 
C(H  ioOj 

C8H,o02 
C6HI0Oa 
C6H,o03 
< ' ILiBr 

C*HUC1 

c8h„i 

c8h„n 

CjHuNOj 


Name,  solvents  and  literature 

Infra-red.  -(Continued) 
i  Isopropyl  iodide  (152) 

Isopropyl  alcohol  (Df  377>  652i 
Propyl  alcohol  (M  73>t  i«9,t  34M  347>t  377<t  627« 
652  ) 

Propyleneglycol  (652) 

Glycerol  (Lf  101,  i°5,  169>  489>  652 ) 
n-Propylamine  (52,3>  153.3) 

Guanidine  carbonate  (57°) 

Thiophene  (101) 

Pyrrole  (i  00i  1 01 , 

Allyl  isothiocyanate  (100if  101) 

Acetic  anhydride  (52.4,  i69f) 

Malic  acid  002) 

Butyraldehyde  (378if  437t) 

Isobutyraldehyde  (437j) 

Ethyl  methyl  ketone  (378t) 

Butyric  acid  (652) 

Isobutyric  acid  (i>  652) 

Ethyl  acetate  C1 6 9 > f  652) 

Methyl  propionate  (652) 

Isobutyl  bromide  (152) 

Isobutyl  chloride  (152) 

Isobutyl  iodide  (152) 

Butyl  nitrite  (* 52) 

Butane  (100>  101>f  349t) 

Methyl  n- (iso  (propyl  ether  (592.2) 

Butyl  alcohol  (Df  73>t  347it  375>t  377>t  592-2, 
652);  Vap.  (373t) 

Isobutyl  alcohol  (*>f  169)f  336, j  345, J  347,  J  3  7  3 ,  -(- 
j  377,  j-  652) 
sec.-Butyl  alcohol  (652) 

Iert. -Butyl  alcohol  (377t) 

Ethyl  ether  (Gf  101>  152>  16M  336>t  3474  373> 

555,  f  592.2);  Vap.  (6,f  7,  9>f  71»  12>  100>t  373> 

556, +  557,+  558  I) 

Methylglycerol  (377f) 

Ethyl  sulfate  (101( 

Ethyl  sulfide  (Df  101( 

Diethylamine  (169f) 
n-Butylamine  (52.3,  153.3) 

Citraconic  anhydride  (*  f) 

Pyridine  (i°°,  i°i,  5°i,f  595) 

Allyl  methyl  ketone  (378t) 

Ethyl  propargyl  ether  (374t) 

Acetylacetone  (376t) 

Dimethyl  malonate  (375t) 

Isovaleric  aldehyde  (378t) 

Diethyl  ketone  (378t) 

Isopropyl  methyl  ketone  (378t) 

Valeric  acid  (Lt  101) 

Butyl  formate  (375t) 

Isobutyl  formate  (375t) 
n-Propyl  acetate  (592.2) 

Ethyl  propionate  (592.2,  652) 

Methyl  butyrate  (652) 

Methyl  isobutyrate  (652) 

Ethyl  lactate  (592.2) 

Ethyl  carbonate  (101>  592.2) 

Amyl  bromide  0>t  169t) 

Amyl  chloride  (169t) 

Amyl  iodide  (Lf  169t) 

Piperidine  (10°,  101>  595) 

Amyl  nitrite  (*  f) 


Name,  solvents  and  literature 

Pentane  (1  52.  1  53);  Vap.  (556,t  557f) 

Amvl  alcohol  (M  101>  169>t  3474  627>  652)j  Vap. 

(373) 

Isoamyl  alcohol  (345,t  377,t  652) 
f  erf. -Amyl  alcohol  (377>t  652) 

Methyl  iso (n-,sec.-,  Iert.-)  butyl  ether  (592.2) 
Ethylglvcerol  (377t) 

Isoamylamine  (52.3,  153.3) 

Bromobenzene  (Df  101>  528(;  Vap.  (528) 
Chlorobenzene  (101>f  437»  528(;  Vap.  (528i 
Fluorobenzene  (437) 

Iodobenzene  (S28);  Vap.  (528) 

Nitrobenzene  (*>t  101>  169>t  627) 

Benzene  (Df  52>  46.5,)-  74,  100,  101,  105,  149,  152, 
153.2,  169, j  347, J  376, f  436,  437,  501,  502,  528, 

555  j);  Vap.  (6»t  10>t  149>  373>t  528>  558t) 

Phenol  (io°, f  101( 

Phloroglucinol  (102) 

Aniline  (M  51>  52a*f  too,  101,  153.2,  153.3,  i69,f 
367,  436);  Vap.  (367) 
a-Picoline  (10°,  101>  595) 

Ethyl  acetoacetate  (1>f  376f) 

Ethyl  oxalate  (Df  375,f  376,f  652) 

Methyl  succinate  (375t) 

Allyl  sulfide  (1>f  101) 

Hexyl  iodide  (3  f) 

Amyl  cyanide  (169t) 

Cyclohexane  (374>t  376>t  437) 

Isobutyl  methyl  ketone  (73>t  378t) 

Caproic  acid  (100,t  101( 

Isocaproic  acid  (101( 

Amyl  formate  (375>f  592.2) 

Isoamyl  formate  (652) 

Ethyl  butyrate  (375>t  592.2,  652) 

Isobutyl  acetate  (652) 

Methyl  valerate  (375t) 

Methyl  isovalerate  (652) 

Propyl  propionate  (375f) 

Paraldehyde  (3 ,f  101>  169t) 
d-Fructose  (102) 
d-Glucose  (102) 

Diisopropyl  (169t) 

Hexane  (73,J  101. 152.  169»t  347>t  437) 
Methvldiethyl  carbinol  (592.2) 

Methyl  iso(n-,  tert.-)  amyl  ether  (592.2) 

Hexyl  alcohol  (377t) 

Methyl  diethylcarbinyl  ether  (592.2) 

Propylglycerol  (377t) 

Mannitol  (102) 

Triethvlsulfonium  bromide:  C2H2C14,  CsILNO., 
C3H7OH,  CjHuOH,  PhCH-OH,  Me2CO  (627  , 
Di-n-propylamine  (52.3,  153.3) 

Triethylamine  (101) 

Benzonitrile  (101>  169t) 

Phenylisothiocyanate  (100>  101( 

Benzaldehyde  (i°°>t  101,  169, f  378, f  436) 

Benzoic  acid  (595) 

Benzyl  chloride  (3>t  169t) 
o-(p-)Nitrotoluene  (101( 

Toluene  (8»  46.5,^-  lOO,  101,  152,  169, -j*  436,  437, 
501,+  502,  555  j*) 

Benzyl  alcohol  (374>t  627) 

Anisole  (i°o>  1Qi) 

Benzylamine  (52.2,  153.3) 


F  ormula 

C3HI2 

C61I,20 

C3Hi20 

c5h,2o 

c5h,2o 

c5h,2o3 

c5h13n 

C6H3Br 

C6H5C1 

c6h5f 

c6h5i 

c6h6no2 

c6h6 


C6HgO 

c6h6o3 

c6h7n 

c6h7n 

C6H,o03 

C6H,o04 

CcH10O4 

C6HioS 

CcH„I 

C6HuN 

CfiH  12 

c6h12o 

c6h12o2 

C6Hi202 

c6h12o2 

c6h12o2 

c6h12o2 

c6h12o2 

c6h12o2 

CcH1202 

C6Hi202 

CeHi203 

C6Hi20« 

c6h12o6 

C6H,4 

c6h14 

c6h14o 

c6h14o 

c6h14o 

c6h14o 

c6h14o3 

Cr.H  i40$ 
Cr.H  i3BrS 

C0H15N 

Cr,Hi5N 

C7H5N 

c7h3ns 

c7h6o 

c7h6o, 

C7H7C1 

c7h7no 

c7h8 

C-H,0 

C7H80 

c7h9n 


INFRA-RED  ABSORPTION  SPECTRA  -OKCANIC  SOLUTION.' 
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Formula 

Name,  solvents  and  literature 

Formula 

Name,  solvents  and  literature 

Infra-red.  Continued) 

C9H,802 

Isoamyl  butyrate  652 

c7h9n 

Methylaniline  (51»  10L  153.3 

c9h  i802 

Isoamyl  isobutyrate  652 

c7ii9n 

o-Toluidine  (101) 

c9h20o 

Nonyl  alcohol  377 1 1 

c7h9n 

p-Toluidine  (153.3,  436) 

c9h2,n 

Tri-n-propylamine  52.3,  153.3 

c7h,2o< 

Diethyl  inalonate  (373>f  376>t  652) 

C.oH7N02 

o-Nitronaphthalene  (597 

c7h,2o4 

Dimethyl  glutarate  (375t) 

CioH* 

Naphthalene  (32,  101,  43«  ;  CS2,  CCL  397 

C7IIm 

Dimethylcyclopentane  (' 01 1) 

C,oH,0 

a(d)-Naphthol:  CClt,  CS2  397 

C7Hm 

Met hylcvclohexane  (437 

Ch,H9N 

a(0)-NaphthyIamine:  CC14.  CS2  1 1 53-3,  597 

C7HuO 

Heptaldehyde  (378ti 

c10h,„o2 

Safrole  ( 1  °1 ) 

C7II„0 

Dipropyl  ketone  (378t) 

CioHuO 

Cumic  aldehyde  (101 

CtHmO, 

Amyl  acetate  (376>t  592.2) 

CioHlsO 

Anethole  (  1  > t  374it  376t) 

c7huo2 

Isoamyl  acetate  (652) 

c10h12o 

Isopropyl  phenyl  ketone  ( 3 7 5 » f  378t 

CtHl 

Heptane  52>  i S3) 

CioH  i20 

Propyl  phenyl  ketone  l373t) 

C7H,cO 

Heptyl  alcohol  (377t] 

C10H  uOj 

Eugenol  (too.f  101) 

C7H|60j 

Butylglycerol  (377t) 

CioH  m 

Cymene  t 1 0 1  >  436j 

c8h6 

Phenylacetylene  (374t) 

C,oH,4 

Diethylbenzene  (46-3f 1 

C,HgO 

Acetophenone  (378t) 

C.oHmO 

Thymol  (1 00,  f  101 ) 

c8h8o2 

Anisaldehyde  (374,t  378|) 

CioHuO 

Carvacrol  (too.f  ioi);  Vap.  (349f) 

C8H  *02 

Phenyl  acetate  (i01 

C.oHuN, 

Nicotine  (595) 

ChHs02 

Methyl  benzoate  (592.2) 

CioHisN 

Butylaniline  (31>  153.2) 

c8ii8o3 

Methyl  salicylate  (Of  100>f  101) 

C,oH18N 

Diethylaniline  (31 

C8H 10 

Ethylbenzene  (46-s»t  436,  501 1) 

CioH  i6 

Limonene  (i°°>t  1 0 1 ) 

C8H  io 

Xylene  (* 69>t  555 1 

C,„H„ 

Pinene  (100it  i°i) 

C8Hio 

o-Xylene  (46-5>t  10°.  101.  436»  437.f  S01»t  502) 

C.oHiaO 

Eucalyptol  (100it  101) 

C8Hio 

m-Xylene  (46.5,f  ioi,f  153.2,  436,  437,  soif) 

C.oHiaO 

Terpineol  (100it  i°i) 

CsH,o 

p-Xylene  (46-s.t  10°.t  101>  152>  436>  437>t  501t) 

CioHuOa 

Ethyl  diethylacetoaeetate  (if) 

C8H,oN20 

p-Nitrosodimethylaniline  (i01>  489) 

CioH  jo 

Decylene  (73>+  101 

CsH  1  uO  2 

Dimethylresorcinol  (376t) 

C10H20O 

Menthol  (ioo,|  101) 

C,H„N 

Dimethylaniline  (0  51 1  101>  153.2) 

C10H20O 

Decyl  aldehyde  ( 3  7  8  ti 

C8H,iN 

Ethvlaniline  (5i>  153.2) 

CioH2o02 

Methylhexylcarbinyl  acetate  (652) 

C,H„N 

Xylidine  (i  °°>  1 0 1 ) 

C10H20O2 

Amyl  valerate  (376f) 

c8h„n 

Methyl-p-toluidine  (153.3) 

C10H20O2 

Isoamyl  isovalerate  (652) 

C8HuO« 

Diethyl  succinate  (i°i>  376it  652) 

C,oH2j 

Decane  (101) 

(  iHn 

Dimethylcyclohexane  (374>t  437) 

(  1  I  (  ) 

Decyl  alcohol  (377f) 

CsHieO 

Hexyl  methyl  ketone  (378t) 

C,oH2jO 

Amyl  ether  (7 1) 

C,H,„0 

Octyl  aldehyde  (378f) 

C,oH220, 

a-Dimethyl-/3-hexylglvcol  (377 1) 

ChH  igOs 

Butyl  butyrate  (652) 

C10H23N 

Diisoamylamine  (52.3,  153.31 

C8H  i«02 

Isoamyl  propionate  (652) 

CnHiiN 

Methyl-a-naphthylamine  ( 1 53.3) 

c8h,7n 

Coniine  (595) 

C.iHijO 

Allylacetophenone  (374>t  3 7 5  + , 

18 

Octane  (loo,  101,  152) 

Ci.HuOj 

Ethyl  cinnamate  (374>t  375ti 

c8h,8o 

n-Octyl  alcohol  (376if  377f) 

C„H,2Oa 

Ethyl  benzoylacetate  (376f) 

ChH  180 

sec. -Octyl  alcohol  (377t) 

CnHuO 

Isobutyl  phenyl  ketone  (378 f 

C8H,sO 

Butyl  ether  (i 52 

Ci  |H  i«Nj02 

Pilocarpine  (595) 

(MLR) 

Octyl  alcohol  (652  1 

c„h,7n 

Isoamylaniline  (31>  1 5 3 . 2 

C8II,802 

a-Dimet hyl-/S-isobutylglyool  (377t) 

CnHuO 

Undecyl  aldehyde  (378t) 

C8H,9N 

Di-n-butylamine  (52.3 

C11H24O 

Undecyl  alcohol  (3  7 7  f) 

c9h7n 

Quinoline  (i°i|  593 

c,,h24o2 

a-Methyl-a-ethyl-d-hexylglycol  1 377  t) 

CgM  ioO 

Ethyl  phenyl  ketone  (378  U 

C.jHio 

Diphenyl:  CCL,  Gdb  (»oi 

C  sH  ioO* 

Ethyl  benzoate  (tf) 

Ci2HioN  2 

Azobenzene  (10* 

C,H  i  j 

Cumene  (101) 

C,jH,o03 

Ethyl  salicylate  (592.2) 

C9H  ij 

Mesitylene  (46.5,f  1004  101,  152,  153,  436,  437f) 

CijHnN 

Diphenylamine :  P  (32'L  153.3 

c9h,2 

Propvlbenzene  ( 3  7 4 1 ) 

CuH  „N 

Dimethyl-a-naphthylamine  i 1  33-3 

c9h„o 

Phenylpropvl  alcohol  (ifi 

C,jH,3N 

Ethyl-a-naphthylamine  (* 33-3 

C.H.,0 

Benzyl  ethyl  ether  (if) 

C,jH  i«03 

Eugenyl  acetate  (,01) 

C,H„N 

Methylethvlaniline  ( 5 1 »  153.2) 

C.jHuO, 

Diethyl  phthalate  (592.2) 

C.H.jN 

Propvlaniline  (s*>  1 53.24 

C  II  N 

Dipropvlaniline  (31>  1 53.2) 

C9H„N 

Dimethyl-p-toluidine  (i  53.3 

C.jHjjO. 

Dibutyl  tartrate  (375ti 

C,H  i« 

Cydohexylpropine  (374 1 

C.jHjjOi, 

Saccharose  (102) 

C.HmO, 

Triacetin  (374) 

CijHjjOu 

Ijictose  (102) 

CtHuClNO* 

Ecgonine  hydrochloride  (595 

CuH  230 1 1 

Maltose  (>°2) 

C,H  u02 

Amyl  crotonate  ( 3 7 4 » t  376ti 

C.jHm 

Dodecvlene  (73i+  101) 

c,h„o4 

Diethyl  glutarate  (376t) 

CijHm 

Dodecane  (t °i 

C,HuOi 

Dimethyl  /3-methyladipate  (375t) 

CuHmO 

Dodecvl  alcohol  377t 

c9h,8o 

Nonyl  aldehyde  378 

C|2H2eOj 

a-Methyl-cr-propyl-d-hcxylglyeol  (,377 1 1 
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Formula 

Name,  solvents  and  literature 

C„H«N 

Infra-red. — ( Continued ) 

Tri-n-butylamine  (52.3) 

C13H2-C1 

Chlorotridecane  f10*) 

C,4Hi.N 

Dibenzylamine  (52.2,  153.3) 

c,4h17n 

Diethyl-a-naphthylamine  (* 53.3) 

c14h23n 

Dibutylaniline  (51i  153.2) 

Ci  4H  jr.Oo 

Diamyl  tartrate  (375f) 

C,4H«C1 

Chlorotetradecane  (x  0 1 1) 

c16h2,no2 

d-Eucaine  (5  95) 

CuH21N,02 

Eserine  (595) 

Ci6H2804 

Diethyl  dibutylmalonate  (375t) 

Ci3H30 

Pentadecylene  (73>t  101) 

Ci3H  33N 

Triisoamylamine  (52.3,  153.3) 

CuHuO 

l-Phenyl-2-benzoylpropane  (3  7  8) 

C,eH21N03 

Homoatropine  (595) 

C16H32 

Hexadecylene  (73>t  101) 

Ci6H34 

Hexadecane  ( 1 0 1 ) 

c„7h19no3 

Piperine  (595) 

c,7h22cino4 

Cocaine  hydrochloride  (59  5) 

c,7h23no3 

Atropine  (5  9  5) 

Ci7H35C1 

Chloroheptadecane  (1Qi) 

Ci8H13N 

Triphenylamine :  P  (52. 1,  153.3) 

c18h20o2 

Ethyl  dibenzylacetate  (4  f) 

c,8h21no3 

Codeine  (595) 

c18h32o16 

Raffinose  (102) 

c18h34o2 

Oleic  acid  001.  i°4»  10S) 

Ci8H36 

Octadecylene  (101) 

c,.h36o2 

Stearic  acid  (iQ1) 

CisH38 

Octadecane  (101) 

c,9h22n,o 

Cinchonidine  (595) 

Ci9H36 

Hydrocarbons  (101) 

C2oH24N202 

Quinidine  (595) 

c20h24n2o2 

Quinine  (595) 

c21h21n 

Tribenzylamine  (52.2,  153.3) 

c22h23no7 

Narcotine  (595) 

C22H42 

Hydrocarbons  (1Ql) 

c23h26n2o4 

Brucine  (i 02 ,  5  95) 

c23h4G 

Tricosvlene  (10i) 

C23H48 

Tricosane  f401) 

c24h48 

Tetracosvlene  (401) 

C24H50 

Tetracosane  (10°)  1Ql) 

C2fiH&202 

Cerotic  acid  (J  01 1) 

C3oH620 

Myricyl  alcohol  (i°°>  101) 

C34H47NOu 

Aconitine  (595) 

C4oHs(,N408S 

Quinine  sulfate  (595) 

Organic  Compounds  of  Mixed  or  Unknown  Composition 

Alcohols  (C„H!n+iOH)  (374f)- 
a- Alcohols  (Il.CHiCHOH)  (374)). 

0- Alcohols  (R.CH:CHCH2OH)  (374f)- 
Asphaltum  (mixed  hydrocarbons)  (101>  103,  417). 

Bakelite  (4°5). 

Belladonna  (C„H21N04  and  C,7H23N03)  (595). 

Boxwood  oil  (399). 

Bromocarbinols  (CH2BrCHBr.CIIOHR)  (374f). 

Castor  oil  (653). 

Catfish  oil  (I®3). 

Celluloid  (399,  6  53 1). 

Cottonseed  oil  (»os,  152,  153,  186). 

Fatty  acid  esters  (374f). 

Gelatin  (i°4). 

Illuminating  gas:  Vap.  (i01). 

Juniper  oil  (* 48). 


Kerosene  (153);  cf.  Vol.  II,  p  153. 

Ketones  (3  7 4  ■(■). 

Lard  oil  (ios,  i53). 

Lavender  oil  (i48f). 

Linseed  oil  (i°4). 

Linseed  oil  fatty  acids  (i°5). 

Nitrocellulose  (celluloids,  pvralin)  (,03i  *os) 

Ohio  oils  ( 1 0 1 ) . 

Olive  Oil  (1 ,  f  104,  105,  148,  j  5  5  5)). 

Paraffin  oil  (i05,  169, )  555,)  558));  cf.  Vol.  II,  p.  153 
Peanut  oil  (i °5). 

Petroleum  (i°i>  153,  5 5 5 -j-) j  cj  Vol.  II,  p.  153. 

Poplar  oils  (399). 

Resin  (i°i). 

Rubber  (102,  555,-j-  558,-)  653-)). 

Rosemary  oil  (i48t). 

Salicylic  acid  esters  (HOCf,II4COOR)  (374). 

Sassafras  oil  (i48t)- 
Silk,  oiled  (555 1). 

Soya  bean  oil  (i°5). 

Tung  oil  (1  °5). 

Turpentine  (Ijf  i0,i  1  4 8 1) - 

Vinyl  carbinols  (CH2:CH.CHOHR)  (374f). 


Formula 


CBrNjOe 

CBr2N204 

CBr4 

CC1N306 

CC120 

CC12S 

CC14 

CI4 

cn4os 


cs2 

CHBrN204 


CHBr3 

CHCla 

CHI3 


CHN 

CHNO 

CHNS 

CHNaOo 


CH2Br2 

CH2C12 

CH2I, 

CH2N204 


ch2n2o8s2 


Name,  solvents  and  literature 
Ultra-violet  and  Visible 
Bromonitroform :  EtOH  (I98) 
Dibromodinitromethane:  EtOH  (I98) 

Carbon  tetrabromide  (440t) 

Chloronitroform:  EtOH  (I98) 

Carbonyl  chloride:  Licp,  Vap.  (83f) 
Thiocarbonyl  chloride:  EtOH  (536)) 

Carbon  tetrachloride  (261>t  440t) 

Carbon  tetraiodide:  EtOH  (442t) 
Tetranitromethane:  EtOH  (259,421,664); 
EtOH  and  other  solvents  (259>  42i);  CHClj 
(«1) 

Carbon  disulfide:  Liq.,  Vap.  (486) 
Bromodinitromethane :  H20  (259,  2  91);  HCI 
(259,29i);  Et20  (291);  K  salts:  H20  (»98. 
291  ) 

Bromoform  (440f) 

Chloroform  (261if  440t) 

Iodoform:  EtOH  (116,  386,  442,  )  493,  )  573  J); 
CC14  (493»f  573i);  C6H6  (493t);  hexane 
(S73t) 

Hydrocyanic  acid  (262t) 

Cyanic  acid,  K  salt:  H  >0  (28°t) 

Thiocyanic  acid,  Co  salt  (227);  Et.O  (32°); 
Hg  salt:  EtOH  (U») 

Nitroform  (228);  H20  (29i);  H2S04  Q98. 
255);  EtOH  (259);  Et20  (291);  Ag  salt:  H,0, 
Et20  (255);  Hg  salt:  H>0,  CHC1,,  EtOH 
(255);  K  salt:  H20  (198.  255»  291);  Na  salt: 
EtOH  (2  4  4  -j* ) 

Methylene  bromide  (440t) 

Methylene  chloride  (440t) 

Methylene  iodide:  EtOH  (116>  442  t 
Dinitromethane  (228);  Et>0  (291);  H20  (255, 
29i  ;  H,S04,  NaOH  255  :  Na  salts  EtOH 
(244);  K  salt:  H20  (291) 
Diazomethanedisulfonic  acid,  K  salt:  KOH 

(247) 
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Formula 


CH20 


CHi02 


CHjS, 


CH2S4 

CHjI 

CH3NO2 


CH3N  3O3 

CH< 

CH4N2 

ch4n2o 

ch4n2o2 


ch4n2s 

ch4n2s 

ch4n4o2 

ch4o 

ch4o3s 

ch4n 

CHeCIN 

CHsCINs 

C2C14 

C2C1, 

C2I2 

CjHCUO 

c.nci3o2 


c2h2 

C2H2Bra 

C2H2C12 

c2h,ci4 

('  ll  I 

c2ii2n2o4 

c2h2o 

c2h2o, 

c2h2o4 


C  II  C'K) 

C  IGCIO, 


~,C1,0* 

CHjN 


Name,  solvents  and  literature 
Ultra-violet  and  Visible. — (Continued j 

Formaldehyde  (54>  83);  Vap.  ( 8 3 *  538  1;  EtOH 

(S34t)j  cf.  p.  359 

Formic  acid  (544  56>+  574  60,+  182,+  240> 

298+1  P  (252)  •  H  .O  (240,  252,  659,+  660  , 

EtOH  (240,  252);  Ba,  Ca,  K,  Li,  Mg,  Sr  sails: 
H20  =  ?  Co  salt:  H20  (32<>):  Na  salt: 

|  H20  (l82,  659>f  660);  NH4  salt:  H20  (24°, 
660 

Trithiocarhonic  acid:  CHCL,  CJIsCIU,  ligroin 
(2i2  +  ,;  Ba  salt :  HjO  -1- : 

Perthiocarbonie  acid:  CHCL,  CfilLCIL,  ligroin 
(2 1 2 ;  Na  salt:  H.O  (212+) 

Methyl  iodide  (442f);  EtOH  (H6) 
Nitromethane  (655f);  H20  (291,  664);  EtOH 

(25,  255,  664);  H2S04  (255);  alk.  (25,  255, 

664);  Vap.  (540);  Na  salt:  H,0  (291);  EtOH 

(244) 

Nitrourea:  EtOH  +  alk.  (25) 

Methane  (192t) 

Hydrazomethane  (247) 

Urea  (25,  594);  cf.  p.  359 
Methylnitroamine  and  salts;  EtOH  (25);  Co 
salt:  H20  (162);  Cu  salt:  H*0  (i63);  Ni  salt: 
H20  (163,  164) 

Thiourea  (424);  cf.  p.  359 
Ammonium  thiocyanate  (424) 

Nitroguanidine:  EtOH  +  alk.  (25) 

Methyl  alcohol  (54,  56,  2864  438|) 
Methylsulfonic  acid,  Na  salt  (567) 
Methylamine  (63) 

Methylamine  hydrochloride:  H20  (276f) 
Guanidine  hydrochloride:  cf.  p.  359 
Tetrachloroethylene:  EtOH  (441f) 
Hexachloroethane:  EtOH  (441f) 
Diiodoacetylene  (423+) 

Chloral:  Et20,  Vap.  (538);  cf.  p.  359 
Trichloroacetic  acid  (l 82  J) ;  H20  (182»t  231, 
I  240,  659j);  EtOH,  Et20  (240);  ligroin  (231, 
240  ;  IK  1.  II. so,  (231);  NH4  salt:  M  O, 
EtOH  (240);  Na  salt:  H,0  (i 82,J  659) 
Acetvlene  (26i,f  303,  600, eoi); EtOH,  Me-CO 
(441 1) 

Dibromoethvlene,  cis  and  trans:  v.  p.  359 
Dichloroethylene,  cis  and  Iran a:  EtOH, 
hexane  (184t)>  rf-  P-  369 
.si/m.-Tetrachloroethane:  EtOH  (441  ■)■) 
Diiodoethylene  (423J);  cf.  p.  359 
Azodicarboxylic  acid;  K  salt:  KOH  (247) 
Ketene:  hexane  (370>+  377  J);  cf.  p.  359 
Glvoxal :  EtOH  (538);  hexane  (4i8,j  4i9j); 
Vap.  (4i8,  538);  cf.  p.  359 
Oxalic  acid  (54,  56,+  58,+  66,  l  428,)  645. Sf); 
H20  (252,  659, -j-  660-j-);  EtOH  (252);  cf.  p. 
359;  Co  salt:  H20  (320);  K  salt:  H.O  (252, 
659f);  Na  salt:  H20  («8°t) 

Acetyl  chloride:  hexane  (252) 

Chloroacetio  acid:  (i82J);  HC1  (240);  HjO 
(231,  659f);  EtOH  (231,  240);  K,  NIL  salts: 
H20  (240);  Metallic  salts:  H20  (231);  Na 
salt :  H20  (1824  659f) 

Chloral  hydrate:  EtOH  (538);  cf.  p.  359 
Methyl  isocyanide  (63t) 

Acetonitrile  (63t) 


Formula 

C..H3N0”” 

c2h3no3 

c.h3no4 

c.h4 

C2H4C12 

c2h4i2 

c2h4no 

c2h4n.o3 

C.IU.NAL 

c2h4n2o4 

c2h4n4 

c.h4n4o2 

c2h4o 


C.IEOS 

c2h4o2 


c2h4o2 

c2h4o2 

c,h5ci 

c2h4cio 

c.h5cio 

c2h4i 

c2h4no 

C :  1 1  NO 

c2hsno2 


C.H3N02 

c2ilno2 

c2h4nos 

(MEN* 

C2HsN.O* 

C.H.Nj 

C2H«N20 

C2H,N2Os 

c2h,n2o* 

c2h«o 

O.ILOsS 

CtHsS 

C,ILN 

C,H:N 

C.1LNO 

C2HsN2 


Name,  solvents  and  literature 
Methyl  isocyanate:  P  t. 2 s 0 ^) 

Isonit rosoacetic  acid:  EtOH,  EtOH  -f  alk. 
(81) 

Nitroacetic  acid:  EtOH,  Et20  (255);  k  salt: 
H.O  (255) 

Ethylene:  Vap.  (26i,f  601,  6°2) 

Ethylene  chloride  (26't) 

Ethylene  iodide:  EtOH  (116>  423) 
Nitroacetaldoxime  ( 2  5 5  , 

Ethylnitrolic  acid :  MeOH  (24S);  Ksalt:  MeOH 
(2  4  5);  tso-K  salt:  MeOH  (2  45; 

Methazonic  acid:  Et20,  H20,  NaOH  (255 
Dinitroethane  and  K  salt:  H20  (29i) 
Tetrazine:  Vap.  (386) 

Azodicarbonamide  (247) 

Acetaldehyde  (S44  56,+  59,+  6s,+  W6.2)  3094 
,  310>+  538>+  571);  hexane  (4l9j);  EtOH,  Vap. 
(538);  v.  p.  359 

j  Thioacetic  acid  and  K  salt  (252) 

I  Acetic  acid  (54,J  55,+  56,J  57,  £  S8,£  59,+  60, { 
64,+  664  674  298,+  382f);  H20  («5,  I824 
204,+  231,  240,  252);  p  (240,  252);  EtOH  (231, 
240,  252);  Et  .0,  hexane  (240);  MeOH,  CJI,,- 
OH  (252);  ligroin  (231,  252);  cf  p  359;  Ba 
salt:  H20  (231,660)-);  Ca  salt:  H,0  (660+y 
Co  salt  (3314  388);  Cu  salt  (331,+  382  );  Hg 
salt  (96);  H,0  (113);  K  salt:  H20  (231,  240, 
252,  660f);  Ei;  Mg  salt:  H.O  NH« 

salt:  H,0  (23i,  240,  660j);  Ni  salt:  H,0 
(331  J);  Na  salt:  (182  +  , ;  H»0  *240,  659, t 
660f);  Pb  salt:  H20  (272);  Sr,  Zn  salt:  H20 
(660t) 

Methyl  formate  (554  574  604  240>  252) 
Glycollic  aldehyde:  H-.0,  EtOH  (425f) 

Ethyl  chloride  (261-j-) 

Ethylene  chlorohydrin  (592.3);  pf  C6He,  Vap. 
(372.2  j) 

Ethyl  hypochlorite :  ligroin  (S62,  568  ) 

Ethyl  iodide:  EtOH  (H6,  386,  573 j);  c.II. 

(386);  H20,  hexane,  CC14  (573J) 
Acetaldoxime  (63f);  H20  (2  76f) 

Acetamide  (S3f);  cf.  p.  359 
Aminoacetic  acid :  v.  p.  359 ;  Co  salt  (3 9 7 1  > ; 1 1 ( ) 
(396);  Cu  salt  (382 1 1 ;  HaO  (391  ) 
Nitroethane  (228);  EtOH  (25,  255,  664);  alk. 
(255,  664) 

Ethyl  nitrite:  EtOH,  EtOH  +  EtSH  (259) 
Ethyl  nitrate:  EtOH  (240,  562) ;  ligroin 

(566) 

Triazoethane:  r.  p.  359 
Biuret  (594) 

Azomethane  (247);  Vap.  (540.5  , 
Dimethylnitrosoamine:  EtOII  ,25 
Ethj  lnitroamine,  Co  derivative  4fi2  :  Cu  salt 
(183);  Ni  salt  (164) 

Ethvlnitrosohydroxvlamine,  Cu  salt:  ILO 
(163) 

Ethyl  alcohol  (54,$  S6,J  298,+  438  j) 
Ethylsulfonic  acid,  K  salt  (*67) 

Dimethyl  sultide:  EtOH  (242) 

Ethylamine  (63J) 

Dimethylamine  (63+) 

Colamine:  v.  p.  359 

Ethylenedinmine  (63+);  (  +IIC1)  cf.  p.  359 
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Formula 

Name,  solvents  and  literature 

Formula 

Name,  solvents  and  literature 

Ultra-violet  and  Visible. — ( Continued ) 

C3H7N02 

Urethane:  EtOH  +  NaOEt  (82) 

Ns 

Cvanurie  chloride:  EtOH  (280t) 

c3h7no2 

a- Alanine  (594);  EtOH  (650}, ;  cf.  p.  359; 

C3HBr&0 

Pentahromoacetone  (* 76) 

Co  salt  ( 3 9 7 1 ) ;  Cu  salt  i382  |);  H20  ( 391  ; 

CsIIaNaOs 

Parabanic acid:  v.  p.  359 

ft- Alanine,  Cu  salt:  EtOH  (391) 

C.JI.uNO, 

Nitromalonic  acid,  salts:  H20  (255) 

c3h7no2 

1  (2)-Nitropropane:  EtOH,  EtOH  +  MeONa 

C  11,  NS 

Thiazole  (554) 

(664) 

C  H,N3Oa 

Cvanurie  acid:  H20  (262>  280J;  cf.  p.  359 

c3h7no2 

Dimethyl  thiosulfocarbamate,  Co  salt:  CHCL 

CaHaNjOa 

Nitrocyanacetamide:  H2S04,  Et20  (258);  Na 

(123, 

salt:  H,0  t288) 

c3h7no6 

Glyceryl  a(/3)-mononitrate:  H20  (311) 

C.JI  iBr  »N  )02 

Dibromomalonamide:  H20  (198) 

c3h7no2 

Serine  265,}  594}, 

C3H4CI2O 

Dichloroacetone  (176) 

C3H8N202 

a(/3)-Diaminopropionic  acid  (391t) 

C3H4N2 

Pyrazole  (554) 

c3h8n2o2 

Propylnitroamine:  H20  (162) 

C3H4N2 

Glyoxaline  (554) 

c3h8o 

Propyl  alcohol  (54,}  56,}  58,}  438}) 

C ;i  H  iN  2O  4 

Oxaluric  acid  (594);  cf.  p.  359 

c3h8o 

Isopropyl  alcohol  (26i}) 

C3H4O 

Acrolein  ("if  539);  H20,  hexane,  Et20  (418t); 

c3h8o2 

Methylal  (534}) 

Vap.  (418>  539);  cf.  p.  359 

c,h,n 

Propylamine  (63}) 

C3H4O.. 

Acrylic  acid:  hexane  (4 1 8 J) ;  cf.  p.  359 

c3h9n 

Trimethylamine  (63});  EtOH  (286) 

c3h4o2 

Methylglvoxal :  v.  p.  359 

C4HBr2N02 

Dibromomaleinimide:  EtOH  (389) 

c3h4o3 

Pyruvic  acid  (62,}  66,}  68});  cf.  p.  359 

C4H2BrN02 

Bromomaleinimide:  EtOH  (3  8  9) 

C3H404 

Malonic  acid  (54, j  56,}  58});  n,0  (659,} 

C4H203 

Maleic  acid  anhydride  (171{);  AcOH,  H2S04 

e 6 0 1 ) ;  Na  salt:  NaOH  (82);  H20  (659, } 

(500);  cf,  p.  359 

660f) 

C4H.O4 

Acetylenedicarboxylic  acid  (423) 

C3H5Br 

Ally  1  bromide:  EtOII,  Vap.  (539) 

c4h3cin2o2 

Aminochloromaleinimide:  EtOH  (389) 

C3HsBrN202 

Bromomalonamide:  H20  (198) 

c4h3n3o4 

Violuric  acid:  H>0,  EtOH  (269});  Na  salt: 

C3H3CIO 

Chloroacetone  (176);  EtOH,  Vap.  (538) 

H20  (269});  Cf.  p.  359 

C3H5NO 

Ethyl  isocyanate:  P  (280t);  hexane  (370,} 

c4h3n3o5 

Nitrobarbituric  acid  (228);  H.O,  H2S04, 

371t) 

NaOH  (2  5  5) 

c3h6no2 

Isonitrosoacetone  (176);  EtOH,  alk.  (31) 

C4H4BrN02 

Succinbromoimide:  EtOH  (199) 

c3h5n3o9 

Nitroglycerol:  II  >0  (311) 

C4H4C1N02 

Succinchloroimide:  EtOH  (199) 

c3h6n2 

Pyrazoline  (554) 

c4h4n2o3 

Barbituric  acid  (129});  H20  (269t);  cf.  p.  359 

c3h6n2o2 

Malonamide:  PI20,  NaOH  (82,  198) 

c4h4n2o6 

Alloxan  (12  9});  H20  (269});  K  salt:  EtOH 

C3H„N203 

Urethanediazohydroxide,  Na  salt:  H20  (247) 

(269}) 

c3h6n2o3 

Nitrosourethane:  EtOH  (2S) 

c4h4o 

Furan:  EtOH  (273,}  sil});  Vap.  (5H);  cf. 

c3h6n2o4 

Nitrourethane:  EtOH,  alk.  (25) 

p.  359 

c3h6n2o7 

Glyceryl  a-/3(7)-dinitrate:  II20  (311) 

c4h4o2 

Methyl  propiolate  (58}) 

C3Hf,N6 

Melamine:  II20  (28°) 

c4h4o2 

Diketocyclobutane :  hexane,  Et20  (370>+  371 }) 

C3H60 

Ally  1  alcohol:  hexane  (58, j  418)-  p  (261}); 

c4h4o4 

Fumaric  acid  (64,}  423);  h20  (659});  EtOH 

EtOH  (428,  539);  Vap.  (44  8,  539);  cf.  p.  359 

(237,  429,}  430,}  607);  Na  Salt:  PI20  (659}) 

C3H6OS2 

Xanthlc  acid :  ligroin  (21 L  f  252) ;  EtOH  (2 1 1  > t 

c4h4o4 

Maleic  acid  (58,}  64,}  423,  607);  EtOH  (429,} 

252);  Et20  (211f);  K  salt:  H,0  (252) 

430f);  Et20  (237);  cf_  p.  359 

c3h6o 

Acetone  (54, J  56,}  59,}  61,}  62,  J  65,  J  66,  J  67,  J 

C4H405 

Oxalacetic  acid  and  salts:  H20,  HC1,  EtOH, 

69, |  98,  175,  176,  191,-)-  228,  294,  308,  J  309,  J 

Et>0  (237) 

310, J  410,  534,  545, J  574,  598,}  601);  JPO 

c4h4o5 

Hydroxyfumaric  acid:  Et20  (237) 

(82,  204,  J  497,  J  609);  EtOH  (82,220,404, 

c4h4o6 

Dihydroxyfumaric  acid:  EtOH  (237) 

497, j  538,  546, j-  609);  NaOH,  HC1  (82);vari- 

c4h4s 

Thiophene:  P  (486,}  5ii});  EtOH  (273,}5ll}); 

ous  sol.  (546, t  573 J);  Vap.  (538t)i  c/.  p.  359 

Vap.  (486i}  5H});  cf.  p.  359 

c3h6o 

Propionaldehyde  (54, j  56, j  59});  EtOH,  Vap. 

c4h6cin2 

3-Methyl-5-chloropyrazole  (5  5  4) 

(538);  cf.  p.  359 

c4h6cio2 

d-Chlorocrotonic  acid  (84>t  424,;  H  ,0  (252); 

c3h6o2 

Ethyl  formate  (55,}  57,}  60});  pt  ligroin, 

0-Chloroisocrotonic  acid  (84,}  424) 

Et,0,  EtOH  (252) 

c4h3ci3o2 

Ethyl  trichloroacetate:  EtOH,  Et  >0  (24°  i ;  lig- 

c3h«o2 

Methyl  acetate  (54,}  56,}  57,}  60});  h20, 

roin  (231,  240) 

EtOH,  Et20,  hexane  (240) 

c4h5n 

Vinylacetonitrile  (84}) 

c3h«o2 

Propionic  acid  (54,}  55,}  56,}  57,}  58,}  60,} 

C4H5N 

Trimethvlene  carboxylicnitrile  (84}) 

252);  H,0  (659,}  660});  cf.  p.  359;  Ba,  Ca, 

c4h6n 

Pyrrole:  P,  Vap.  (5H);  EtOH  (273,}  361,  362, 

K,  Li,  Mg,  Na,  NH4,  Sr  salts:  H20  (659,} 

51 1);  hexane  (171t);  cf.  p.  359 

660}) 

c4h3n 

Crotononitrile  (84J) 

c3h6o2s 

Monoethylthiocarbonic  acid  (252) 

c4h6n 

Isocrotononitrile  (84{) 

CsH.O* 

Lactic  acid  (S8});  CHC13  (134);  cf.  p.  359 

c4h6n 

Methylacrylonitrile  (84 +) 

c3h6s3 

Ethyl  trithiocarbonate:  ligroin,  Et20  (212t); 

c4h3no2 

Succinimide  0");  H20  (389);  EtOH  (390); 

K  salt:  H20  (212}) 

Mgsalt:H20  (389);Hgsalt  (390) 

c3h6s3 

Trithioformaldehyde  (534}) 

c4h6n2o 

Dimethvlglyoxime  anhydride  (1-5 

c,h7no 

Projiionamide  (®3});EtOH  (39°);  cf.  p.  359;  Ilg 

c4h,n2o 

3-Methy  1-5-pyrazolone  (554 

salt  (390) 

c4h6n2o2 

Ethyl  diazoacetate:  EtOH  (247 

c3h7no 

\cctoxime  (63,}  2  76});  cf.  p  359 

c4h6n4o3 

Allantoin  (594t);  cf.  p.  359 
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Formula 

Name,  solvents  and  literature 

Formula 

Name,  solvents  and  literature 

Ultra 

-violet  and  Visible.  ( Continued ) 

C4H  i  oO  34*^ 

Diethyl  sulfite  (st/m.  and  unut/m.  567,661,; 

CAO 

Crotonaldehvde:  EtOH  <539);  Vap.  '392,  539  ; 

P  (562) 

hexane  (392});  cf.  p.  359 

c4h10o4s 

Diethyl  sulfate:  P  (562 

CAO. 

Vinylaeetic  acid  (84  +  ) 

c4h„n 

Diethylamine  {63}, 

C4H802 

Trimethvlenecarbonic  acid  (84  + 

C4HuC12N2 

Tetramethylenediamine  1  putresceine  '  hydro- 

C«Hr.O-. 

Diacetyl  (36.  59,}  624  66,}  69G  1  75.  1  76.  294. 

chloride:  v.  p.  359 

4io);  hexane  (369,}  370});  Vap.  (37<>,J  538  ; 

CiCUN 

Pentachloropvridine  (14  ;  Vap.  ,520 

cf.  p.  359 

CsHCLN 

2,  3,  4,  5-Tetracldoropyridine  (14);  Vap.  (520; 

C4Hf,0- 

Crotonic  acid  (58,  J  59,+  64,}  66,}  84  J) ;  h20 

CACLN 

2,  3,  5-Trichloropyridine:  Vap.  (520 

(252,  497  J);  EtOH  (539,  607);  Vap.  (539);  Cf. 

c6h2ci3n 

3,  4,  5-Trichloropyridine  (14>  5 ° 5  }% , ;  Vap.  (S2°) 

p.  359 

caci4 

Tetrachlorocvclopentadiene  (4 1 0 

cao2 

Isocrotonic  acid  (84t) 

caci4n2 

Tetrachloro-2-aminopyridine:  Vap.  (520) 

cao3 

Acetic  anhydride:  Et20  (252) 

caci2n 

3,  5-Dichloropyridine  (504);  Vap.  (52o 

CA04 

Dimethyl  oxalate:  P,  MeOH,  EtOH,  ligroin 

can4o 

6-Hydroxypurine  (594 1);  AO  1 1 2 7 } , 

(120,  252) 

csh4n4o2 

2, 6- Dihvdroxy purine  (594},;  H20  i127} 

cao4 

Succinic  acid  (54,}  56,}  ss, }  64,}  66});  H,0 

can4o» 

Uric  acid  (122,}  594});  H20  (127.f  269tl;  cf. 

(659,}  660});  EtOH  (I29,  423,  607);  cf_  p.  359; 

p.  359  ;  Li  salt  :  H,(  )  1  2 6 9  f 

Na  salt:  H,0  (559,}  660}) 

CsH40, 

7-Pyrone:  EtOH,  EtOH  +  NaOEt  (2* 

c4h,o4 

Malic  acid  (5  8}) 

cao2 

Furf uraldehyde :  P,  Vap.  (511);  H,0  f789); 

CAA 

d(Z)-Tartaric  acid  (58+);  H>0  (429>t  608> 

EtOH  (1  8  0,  2  7  3,}  511);  cf.  p.  359 

8 60 f) ;  Co  salt:  H20  (329);  Na  salt:  II20 

cao3 

Pyromeconic acid: EtOH,  EtOH  +  NaOEt  (2> 

(660  }) 

cao3 

Pyromucic  acid  (Furan-ar-carboxylic,  acid  i : 

C4H6Ofi 

dZ- Tartaric  acid  (58});  H20  (508) 

EtOH  '273  i  ;  cf.  ,1  359 

C4H60c 

Mesotartaric  acid  (608) 

can 

Pyridine  (14,  38,}  428);  P  (486,  508);  HjO 

C4II7C102 

Ethyl  chloroacetate:  P  (24°);  EtOH  (23i,  2 4 o > 

(33,}  3 9  f) ;  EtOH  (223,  263,}  312,}  486, 

CANO 

0-Hydroxybutyronitrile  (84  J ) 

606});  CHCla,  HC1  (223> ;  hexane  (» se,* 

cano2 

Diacetylmonoxime  (1,s) 

Wl,}  606});  Et20  (606});  Vap.  (312,  486, 

C4H7N02 

Isonitrosomethylacetone:  EtOH,  alk.  (31) 

508,  606});  cf '  p.  359 

c4h7no, 

Acetylglvcine:  v.  p.  359 

CANO 

a(0,  7)-Pvridone:  EtOH  (  +  HC1)  (+NaOEt) 

c4h7no4 

Aspartic  acid:  v.  p.  359 

(!4) 

can3o 

Creatinine:  H20  (266) 

ca 

Cyclopentadiene:  EtOH.  Et.O  (618  ;  cf.  p.  359 

c4h3 

Isobutylene:  Vap.  (60i,  602) 

CAC1N 

Pyridine  hydrochloride:  AO  (276fi 

c4hsn2o2 

Dimethylglvoxime  l36);  Cu  salt  (1,s) 

CAC1N 

Pyridonium  chloride:  H20,  11  SO4  241 

c4hsn2o3 

d  (l)- Asparagine :  H20  (429t);  cf.  p.  359 

CAC1AO 

Guanine  hydrochloride:  EtOH  < 2 e 9 f 

c4h8n2o3 

Nitrosomethylurethane:  Et.O  (247) 

CAN, 

a-Aminopyridine :  EtOH  (  +  HC1)  (386) 

c4h8n2o3 

Urethanediazohydroxide  methyl  ether:  Et*0 

CAN..O, 

Aminomethylmaleinimide:  EtOH  (389 

(247) 

C5A02 

Furfuralcohol  (66});  cf.  p.  359 

C4HsN207 

Glyceryl  methyl  ether  dinitrate:  H20  (311) 

CsHfiOs 

Triketopentane :  CHC13  (410) 

c4hso 

Methyl  ethyl  ketone  (54,}  se,}  59,}  62,}  we, 

cao4 

Citracoiiic  acid  (58,}  64},;  EtOH  (607 

294,  5  4  5  }  ;  p.  Hs0,  heptane,  CHC1,  1 541' 

CAO4 

Itaconic  acid  (58});  EtOH  (607) 

EtOH  (538,}  546,  t  609);  Vap.  (538}) 

CsHfl04 

Mesaconic  acid  (S8,}  64});  EtOH  (607 

C4Hs0 

Butvraldehyde  (54,}  56,}  59}) 

C&Hr,0& 

Acetone-1,  l'-dicarboxylie  acid  (,76; 

c4h8o 

Isobutyraldehyde :  v.  p.  359 

C4H7Br04 

Dimethyl  bromomalonate:  EtOH  198 

c4h8o. 

Methyl  propionate  ( 5 5 , }  57it  58,}  60} 

CANO 

Acetylacetonemonoximeanhydride:  EtOH  (*  -s  1 

c4ii8o2 

Ethyl  acetate  (54,}  55,}  56,}  57,}  204,}  309,} 

CANO- 

Ethvl  cyanoacetate:  11.0,  EtOH  (  +  NaOH 

310}  ;  ]>,  EtOH  24°-  252  ;  |]  ()  240 

(82) 

c4h8o2 

n-Butvric  acid  (S4,}  56,}  57,}  60} p_  ligroin 

CsHtNO. 

Isonitrosoacetylacetone  (400  ;  EtOH  (+alk.i 

(252  ;  IK)  ,252,  659, f  660  f  ;  EtOH  '252, 

(31) 

607);  K  salt:  H20  (252);  Na  salt  (660});  H20 

can3o2 

3,  5-Dimethyl-4-nitropyrazole  (554 

(659}) 

CAN.O, 

Ethyl  fulminurate:  AO  (255 

cao* 

Propyl  formate  (S5>  57,  60) 

ca 

/3-Methvlbutadiene  (Isoprene) :  Vap.  (601,602  ; 

c4h8os 

1,  4-Thioxan:  EtOH  (189) 

cf.  p.  359 

C4H,OjSi 

Diethvlene  disulfoxide:  H20  I189) 

can, 

3,  5-Dimethvlpyrazole  (554) 

C4H 

Diethylene  disulfide:  EtOH  (189) 

cao 

Methyl  nil y  1  ketone:  EtiO,  Vap.  i539 

C4H,I 

Isobutyl  iodide:  EtOH  116) 

C4H,0 

Methyl  propenyl  ketone:  EtjO,  Vap.  i539 

c4h,no 

(er/.-Nitrosobutane:  Et20  (2S 

cao, 

Acetylacetone  (24,  62,}  69,}  294,  204,}  370}^ 

c4h,n,o. 

Creatine:  r.  p.  359 

EtOH  0-5,  22,  24,  269,}  475,  476,  478);  Vap. 

C4H,oN2 

Piperazine:  EtOH;  Vap.  (520}) 

(538);  cf.  p.  359:  metallic  derivatives  (22  ;  Al. 

c4h,„n2c 

Diethvlnitrosoamine:  EtOH  (25) 

Be,  Th  (24);  Ha.  Ca,  Cd,  Co,  Cr.  Cu,  Fe,  Hg, 

ca.o 

Kt hvl  ether  (592.3 

Li,  Sc,  Th,  Yt,  Zn  <476  ;  Cu  (>•*) 

ca„o 

|  n-Butvl  alcohol  I54,}  56,}  438) 

cao, 

Allylacetic  acid  (58,}  64,}  66 ♦, 

ca„o 

(er/.-Butyl  alcohol  (4381 

CAO, 

Acetylpropionyl  G76 

ca„o 

Isobutyl  alcohol  (237t 

CtH80« 

Ethyl  pyruvate  (66,}  67,}  68,}  294);  EtOH 

C.HioOi 

Methyl  orthoformate :  P.  H  O,  EtOH  <240 

(609 

338 
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Formula 

C&HsOa 

C4H,03 

C„Hs04 

CsH9BrN202 

C6H9N02 

c5ii  9no4 
C5H,o 

C6H 10 
C^H  10 
CoH.o 

C6HioC1N02 

C5H10N  2 

c6h,0n2o2 

C6H  ioN  202 
C6H,oO 


C5H,oO 


C6H  ioO 

C5H10O 
C3H 10OS2 
C5H 10OS2 

C5H,o02 
C5H 10O2 
C5H  loO'i 

c5h,0o2 

C6H  ki02 
C»H  ,0O2S 

C6H,o02S 

C5H10O3 

CSH 10S3 
C6HuI 

CsHuN 


C6H 1  iN02 
C5Hi2BrN 
C6H,2CIN 

c5h,>cino2 

c6h  1  ,N  202 

c„h,2o 

CjHmCINO 
C:,H  if,Cl2N  2 
CsBr  402 
C6C1402 

CeClo 

CsHcnoj 

CoHClcN 

C»H2Br202 

C«H2C1202 

CelUCUNO. 

CsHjBrOj 

C«H3Br30 

C6H3C102 


Name,  solvents  and  literature 


Ultra-violet  and  Visible. — ( Continued ) 

Methyl  acetoacetate  (62)) 

I.evulinic  acid:  v.  p.  359 
Dimethyl  malonate:  II20,  EtOH  (  +  NaOH) 
(198);  (+NaOH)  (+HC1)  (82) 
Bromomalondimethylamide:  EtOH  (198) 
Methylnitrotetramethylene:  EtOH  (553) 
Glutamic  acid :  v.  p.  359 

Trimethylethylene:  hexane  (418);  Vap.  (602); 
cf.  p.  359 

Methyltetramethylene:  EtOH  (553' 
Cyclopentane:  EtOH  (553) 

Amylene:  P,  EtOH  (261f) 

Glutamic  acid  hydrochloride:  EtOH  (649) 
Diethylcyanamide:  hexane  (370,)  371  )) 
Nitrosopiperidine:  EtOH,  Vap.  (52°) 
Acetylacetonedioxime  (J -5) 

Diethyl  ketone  (54,)  56,  )  62,)  1  76,  545  ))  p 
H20,  heptane,  CHCU  (546t);  EtOH  (538, 
546f);  Vap.  (538) 

Methyl  isopropyl  ketone  (1  76,  294,545));  p( 
H20,  heptane,  CHC13  (546f);  EtOH  (5 46, p 

609) 

Methyl  propyl  ketone  (545  ));  p(  h20,  heptane, 
CHCU  (546t);  EtOH  (546,)  609) 
Cyclopentanol:  EtOH  (553) 

Diethyl  dithiocarbonate:  EtOH  (536) 

Ethyl  xanthate:  EtOH  (252,  536);  Et20, 
ligroin  (252);  K  salt:  H20  (252) 

Propyl  acetate  (54>|  55,J  56, )  57, j  60)) 
n-Valeric  acid  (57,)  60)) 

Isovaleric  acid  and  Na  salt:  H20  (659f) 
Methyl  butyrate  (54,)  57,)  60|) 

Ethyl  propionate  (55,)  57,)  60)) 

Diethyl  thiocarbonate:  EtOH  (252,  536 p) - 
K  salt:  II20,  EtOH  (252) 

Diethyl  thioncarbonate:  EtOH  (252,  536)) 
Diethyl  carbonate:  EtOH  (536)) 

Diethyl  trithiocarbonate:  EtOH  (2 1 2, j  536); 
CHCU,  ligroin  (212)) 

Isoamvl  iodide:  EtOH  (116) 

Piperidine  (398t);  P  (509|);  EtOH  (263,) 
312, t  395>t  5°9,t  520);  (-(-acid)  (520);  Vap. 

(312, p  508) 

Amyl  nitrite:  EtOH  (25);  (+EtSH)  (259) 
Neurine  hydrobromide:  v.  p.  359 
Piperidine  hydrochloride:  EtOH  (395f) 

Betaine  hydrochloride:  v.  p.  359 
Piperidine  hydronitrite:  EtOH  (2  5  9) 
n{lert.)-Amy\  alcohol  (438) 

Choline  hydrochloride:  v.  p.  359 
Cadaverine  hydrochloride:  v.  p.  359 
Tetrabromobenzoquinone  (41  °) 
Tetrachlorobenzoquinone:  CHCU  (403>  409> 
41 1);  C«(CH3)6  (4ii) 


Ilexachlorobenzene  (261f);  EtOH,  Vap.  (524  j) 
Trichlorobenzoquinone:  EtOH  (409,  610) 

2,  3,  4-Hexachloropicoline  (506);  Vap.  (520) 
Dibromobenzoquinone  (41°) 
Dichlorobenzoquinone:  EtOH  (409,  411,  610) 
3,  4-Trichloropicolinic  acid  (506) 
Bromo-7>-benzoquinone:  EtOH  (61°) 

2,  4,  6-Tribromophenol :  EtOH,  Vap.  (S19) 
Chlorobenzoquinone:  EtOH  (409,  610) 


Formula 

Name,  solvents  and  literature 

OoH.iCl  2NO2S 

1  4-Chloro-2-nitrophenylsulfur  chloride:  CHCU 
(174-2t) 

C,H,C1,N*0 

2,  3,  4-Trichloropicolinamide  (50®) ;  Vap.  (52°) 

C6H,CUO 

2,  4,  6-Trichlorophenol:  EtOH,  Vap.  (519) 

CsHjCUS 

2,  5-Dichlorobenzenesulfur  chloride:  CHCU 
(174. 2J) 

CcHaN  3O6 

1,  3,  5-Trinitrobenzene:  EtOH  (34,  218,  249); 
NaOEt,  PhNMe2,  CJL  +  (CSH4:CH)2  (34); 
Na  salt:  EtOH  (249):  NaOEt  (244) 

Cfi]  1  3 JN  3O7 

Picric  acid  (148-5);  H20  (77>  659t);  EtOH 
(34>  77);  heptane,  NaOEt,  PhNMe2,  C6H6, 
(Cf,H4:CH)2,  piperidine  (34);  HC1  (34,  86); 
NaOH  (86 p) ;  K,  Na  salts  (209);  H20  (659,) 
660)) 

C6H4BrCl 

o(m,  p)-Chlorobromobenzene:  EtOH,  Vap. 
(5  2  4) 

Cf,H4Br2 

o(wi)-Dibromobenzene:  P, )  EtOH,  f  Vap. 

( 5 1 5 ) ;  p-Dibromobenzene:  EtOH  (38S,  524); 
Vap.  (524) 

C6H4C1N0 

p-Benzoquinone  chloroimide:  EtOH  (282) 

c6h4cin3o2 

p-Nitrobenzenediazonium  chloride:  H20  (247) 

c6h4cu 

o(m,  p)-Dichlorobenzene  (17);  P, f  Vap.  (515, 
52 4);  EtOH  (28,  515)) 

c6h4cun2 

p-Benzoquinone  dichloroimide:  EtOH  (2  82) 

c6h4cus 

4-Chlorobenzenesulfur  chloride  (174.2)) 

c6h4i2 

o(w)-Diiodobenzene:  P, f  EtOH,f  Vap.  (517) 

c6h4n2o 

p-Benzoquinonediazide:  EtOH  (89,  247) 

c6h4n2o3 

Oxalosuc.cinonitrile  (17S) 

c6h4n2o4 

Pyrazine-2,  3-dicarboxylic  acid  and  Fe,  Na 
salts:  H,0  (394) 

c6h4n2o4 

o(p)-Dinitrobenzene:  EtOH  (540,  640);  m.: 
p  (540t);  EtOH  (540,  640);  hexane  (640) 

c6h4n2o6 

2,  3(5)-Dinitrophenol  (645)) 

c6h4n2o5 

2,  6-Dinitrophenol:  H20,  HC1,  NaOH  (86, ; 
Na  salt  (2  0  9)) 

c6h4n2o6 

2,  4-Dinitrophenol:  H20  (77,  86,  660);  EtOH 
(77);  HC1,  NaOH  (86);  Na  salt:  H20  (6601) 

c6h4n4o6 

Picramide:  EtOH  (472) 

c6h4o2 

p-Benzoquinone  (41°,  432,)  594, )  637);  jj20 
(288,  610);  EtOH  (36,  234,  244,  28s|  405, 
406,  409,  411);  Et,0  (288);FtOH  +  p-C6H4- 

(OH)2,  PhOH  +  CHCU  (234);  hexane  (356 j); 
Vap.  (288,  408,  531);  c/.  p.  359 

CbH404 

Dihvdroxyquinone:  EtOH  (409) 

CsHsBr 

Bromobenzene:  P  (5 1  4 1) ;  EtOH  (386,  486,) 

5  1  4 , t  510);  Vap.  (202,  486,  514,  658) 

C6H6BrN204S 

p-Bromobenzenediazonium  sulfate:  H20  (247) 

C6H6BrO 

p-Bromophenol :  EtOH  (385,  519);  EtOH  + 
NaOEt  (385);  Vap.  (51 9) 

CsHsCl 

Chlorobenzene  (37J);  P  (514));  EtOH  (17, 
20,  386,  486,)  514,)  530);  Vap!  (202,  301,) 
486,  514,  647,  658) 

Cr.H5ClN2 

Benzenediazonium  chloride:  II .0  (247) 

C6H6C1N203S 

o-Chlorobenzene-ardi(si/n)-diazosulfonic  acid, 

K  salt :  H  O  (247) 

c6h3cio 

o-Chlorophenol :  EtOH  (386,  540);  Vap.  (540 

CbHjCIO 

m-Chlorophenol :  EtOH,  Vap.  (54°) 

C6H6C10 

p-Chlorophenol :  EtOH  (385,  540);  EtOH  + 
NaOEt  (385);  Vap.  (540) 

c6h6cun 

2,  4-Dichloroaniline:  EtOH,  acid,  Vap.  (519 

c6h3f 

Fluorobenzene:  EtOH  (386);  Vap.  (624) 

C.HJ 

Iodobenzene:  P  (S17t);  EtOH  (386,  486,) 
51  7t)  ;  Vap.  (202,)  486,  517) 

c.hjo 

p-Iodophenol:  EtOH,  Vap.  (519) 
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Formula 

Name,  solvents  and  literature 

Formula 

Name,  solvents  and  literature 

Ultra-violet  and  Visible.  (Continued) 

( ’.H.O, — ( Cant'd ) 

660  +  ,;  EtOH  (27,  281,  351, |  384,  385,  638  ; 

CJLNO 

Nitrosobenzene:  EtOH  (25>  26 

CHCL,  ligroin  (385);  hexane  (352,+  3ss,+ 

C.H.NO, 

Nitrobenzene  (37  +  i;  P  (34>  540ti;  H20  (637); 

3 7 o  + ! ;  pentane,  CCl.  (»si J);  C,H*CH,OH 

EtOH  (20.  34,  434,  486,1  540,  637);  hex- 

(350);  NaOH  (27,  385,386,638);  HC1  (386, 

ane  (637);  PhNMe,,  H2SO.  (34);  Vap.  (S40) 

636  t);  Vap.  (161,  t  351,  540,  658);  c/.  p.  359 

C.HiNO, 

p-Nitrosophenol:  EtOH  (  +  NaOEt)  (26,  282) 

CJI602 

Catechol:  P,  Vap.  (540) ;  r,o  (427,  429  +  ,, 

Cfi  1 1  3X  Oj 

Picolinic  acid  (388);  H20  (394);  Co  salts  (3®8  ,  ■ 

EtOH  (267);  hexane  (352  +  ,;  cf.  p.  359 

Fc  salt:  II, 0  (3  94) 

C#HjOj 

Quinol:  H20  (228,  427,  429))  ;  Eton  (267); 

G.H.N02 

Nicotinic  acid:  v.  p.  359 

NaOH  (27);  hexane  (352));  Vap.  (,288,540)  ; 

C«HjNOj 

o-Nitrophenol  (432>J  637,  638,  660);  H20  (43t 

cf.  p.  359 

286,;  EtOH  2  6,  43,  185,  386));  (  +  NaOI  1 

OcIIfiOo 

Resorcinol:  H20  (427,  429));  EtOH  (267); 

(26,  43,  185);  ligroin  (43);  Vap.  (540);  Na 

hexane  (352));  cf.  p.  359 

salt  (660) 

c6h6o2s 

Benzenesulfinic  acid  and  Na  salt:  EtOH  : 3  8 9 + 

(Jr,  H5XO3 

m-Nitrophenol  (2 8 6, -j-  432, j  637,  638);  H,(), 

C.H.Oj 

Pyrogallol:  H20  (28i,  286,  290j;  HC1,  NaOH 

ligroin  (43);  EtOH  (  +  NaOEt)  (26,  43) 

(290) 

CjHjN  O3 

p-Nit rophenol  i228.  386,t  432,+  6.37,  638,  6eoi; 

C6Hr,(33 

Phloroglucinol :  H20  (281,  290  ■  Et20,  NaOH, 

11,0  (43,  255,  286);  EtOH  (26,  43,  77,  185, 

HC1  (290) 

255);  EtOH  +alk.  (26,  40, f  43,  185,  255); 

CsHcOs 

Triacetic  lactone:  EtOH,  NaOEt  (2>) 

ligroin  (43,  255);  Na  salt  (660) 

CeHcOsS 

Benzenesulfonie  acid  (i82,+  660  ;  Na  salt 

c,h5no. 

Citrazinic  acid:  H,0  (14) 

+  + 

M 

00 

cl!  NO»S 

m-Nitrobenzenesulfonie  acid:  II, SO,  (34 

C.H.O. 

Aconitic  acid  (58,j  64j);  EtOIl  (607);  cf.  p. 

C.H.N, 

Triazobenzene:  v.  p.  359 

359 

C6H5N303 

p-Nitrobenzenenitrosoamine:  CHCL  (247 

C.H.S 

Phenylmereaptan:  EtOH  (161,  536));  NaOH, 

CeHsN  3O3 

p-Nitrobenzenediazoniuin  hydroxide:  Et,0, 

Vap.  (161) 

KOH  (247) 

C.H7BrN2 

p-Bromophenylhydrazine :  EtOH,  HC1  ( 4 o ) 

3O4 

2,  4-Dinitroaniline:  EtOH  (477) 

Cr,H:N 

a-Picoline  (» 4,f  506);  p  (509));  EtOH  (3i 2 )) ; 

Cf,H3N  3O  4 

3,  5-Dinitroaniline:  EtOH  (218 

Vap.  (312,  508, 

C.H.N  3O5 

4,  G-Dinitro-3-aniinophenol :  EtOH  (477) 

C,H7N 

/3-Picoline  ( 3  4 1) ;  EtOH,  Vap.  (3 3  2f) 

C.H.NjO. 

Picramic  acid:  EtOH,  HC1,  NaOH  (453) 

c,h7n 

Picoline  (263);  EtOH  (262) 

C«H5N  3O6 

Isopicramic  acid:  EtOH,  HC1,  NaOH  (453| 

c,h7n 

Aniline  (37,)  38,)  530);  p  (510);  HtO  (286  ), ; 

C.H. 

Benzene  (132,t  1  s  1 ,  +  299,  300,  386,  530, 

EtOH  (20,  286,  386,)  395,  410,  486));  hexane 

592.3);  p  (486);  EtOH  (20,  271, )  274,)-  286, 

(354));  HC1  (20,  38d));  NaOEt  (386));  Vap. 

335, |  431,  )  443,  )  483.5,  486));  hexane  (156,+ 

(202,  358,  486,  510,  658);  cf_  p.  359 

171,  604));  Vap.  (170,  202,  271,  300,  483.5, 

CsHtNO 

ra-Aminophenol:  EtOH,  Vap.  (539) 

486,  584,  599,  601,  606, J  658);  cf_  p_  359 

c,ii7no 

p-Aminophenol:  EtOH,  EtOH  +  NaOH  -+- 

C.H, 

Dinropargyl :  EtOH,  Vap.  (600,  601) 

Na2SOj,  HC1  (2  7) 

C.H. 

Dimethyldiacetylene  (4  2  3) 

Cf,H7N0 

a-Methyl-d-pyridone  (3  4) 

C.H.BrN 

o(m,  pt)-Bromoaniline:  EtOH  (+acid),  Vap. ) 

c,h7no2 

Pyrocinchonimide:  II20,  EtOH  (389) 

(519) 

CfiH7N302 

Nitro-m-phenylenediamine :  EtOH  (218) 

C.H.C1N 

o(m,  n)-Chlo  roan  dine:  EtOH  (+acid)  (28); 

C.H7Ns02 

Nitro-p-phenylenediamine:  EtOH  (477) 

Vap.  (540) 

CjHjNjOj 

p-Nitrophenylhydrazine:  EtOH  (40) 

C.H.C1, 

Ilexachlorocyclohexane:  EtOH.  Vap.  (524  + 

C,H7N20. 

Dimethvlvioluric  acid:  EtOH  (+HC1) 

C.H, IN 

o(m,  p)-Iodoaniline:  EtOH.  (+acid),  Vap. 

(+KOEt)  (+LiOEt)  (+NaOEt)  (2Si):  Cs, 

319, 

K,  Li,  Na,  Pb  salts:  phenol,  benzene  (251  ) 

CfHr.N.O 

Benzenediazonium  hydroxide,  Ksalt  (147);  Na 

C«H7N  3O6 

Dimethylnitrobarbituric  acid:  II j(),  ILSO)t 

salt  247 

NaOH  (255) 

C.H,N,0 

Ben  zcne-a/di-diazonium  hydroxide,  Na  salt  i  247 

C.H, 

Ilexatriene  (42,  423) 

C.H,N,OS 

Thionylphenylhydrazinc:  EtOH  (334 

C«H, 

A1>s-Cyclohexadiene  (663);  Vap.  (599,  601 

CeH«N  2O2 

o-Nitro  aniline  (*®®f  ;  I ; t  <  *11  #0,  472,  540  • 

c,h» 

A,i4-Cyclohexadiene  (66  3) 

(  +  HC1)  (  +  NaOH)  (90);  Vap  340 

C.H.BrN 

Pyridine  methobromidc:  EtOH  .223 

C.H,N202 

w-Nitroaniline:  H20  (286);  EtOH  (26,  43 

C.H.CIN 

Pyridine  rncthoehloride:  H20  (223,  228,24^ 

C*HcNiOj 

p-Nitroaniline:  H20  (286  ;  EtOH  (26,  43,  90); 

242);  EtOH  (223) 

HQ  26,  9o,;  NaOH  1 90 1 

C.H.C1N 

Aniline  hydrochloride  (395) 

(M1,N  0 

p-Benzoquinonedioxime,  EtOH  (282 

C.H.C1N 

or- Picoline  hydrochloride  (506) 

CeHjN  2O2 

at- Amino-/J-pyridinecarboxy  lie  acid:  EtOH 

C.HJN 

Pyridine  methiodidc:  H2()  228,242,;  EtOH, 

(386) 

CHCL,  C.HnOH  (223,  228 

C.H.N.O, 

2(2,  3,  4,  5)-Nitro-4(5,  4,  3,  2)-aininophenol : 

C.H.N, 

Benzeneazomethane  (247);  EtOH  (621  ;  EtOH 

EtOH  (477) 

+  CHCL  (4°i 

CJLNjOjS 

Benzene-an/i(.s-yn)-diazosulfonic  acids,  K,  Na 

C.H  »N  j 

2,  5-Diraethvlpyrazine:  EtOH  279 

Balt s  11  iO  1  47-  2  4  7 

C.H.N, 

Phenylhydrazine:  EtOH  (<o,  512));  HC1  (40 

C  H«X  .04*^ 

p-Sulfobenzene  -  anti(ni/n)  -  diazonium  hydrox  - 

C.H,N2 

o(tn)-Phenvlenediamine  (642  . 

ide,  K,  Na  salts  (147t 

C«H„N2 

p-Phenylenediamine:  EtOH  (521,  642);  Vap. 

C.H.O 

Phenol  (530,636,  637,  642);  p  (351, J  540,; 

(521) 

H,0  (286,  350,  351,+  385,  636,  )  638,  659,) 

C.H  ,0: 

Dihydroresorcinol  (3  76);  Derivatives  (27)) 
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Formula 

Name,  solvents  and  literature 

Formula 

Name,  solvents  and  literature 

Ultra-violet  and  Visible. — ( Continued ) 

Cr.H  1 2 

Hexylene:  Vap.  (600; 

Cf,HsO. 

1,  4-Diketohexamethylene:  EtOII  (273t) 

Cr.H  j2 

Methylcyclopentane :  EtOH  (6  64) 

CtHsOa 

Dimethyldiketotctramethylene  (3 7 1 1 ) ;  H20, 
Et.OH  (37<>}) 

c6h12o 

Methyl  butyl  ketone  (59,}  624  545});  p;  h20, 
EtOH,  heptane,  CHC1,  (546}) 

Oe  I  i  jjOi 

Ethyl  acetylglyoxylate  (6  6}) 

CeHioO 

Methyl  isobutyl  ketone  (594  62>+  66>+  67>J 

c6ieo4 

Ethyl  diketobutyrate  (69J) 

176,  294,  545});  p;  H20,  EtOH,  heptane, 

C6H804 

Lactide:  CHC13  (134; 

CHC13  (546});  cf.  p.  360 

CellsOs 

Dimethyl  oxaloacetate:  H20,  HC1,  MeOH, 
EtOH,  Et20,  ligroin  (237);  Na  salt:  H20, 
Na2C03,  NaOCH,  (237) 

c6h12o 

Methjl  tert. -butyl  ketone  (59,}  624  294,  545,} 
601);  EtOH  (546,}  609);  CHC13,  heptane 

(546t) 

CJLOo 

Tricarballylic  acid  (58,}  64t);  EtOH  (607);  cf. 

|  p.  359 

CeH  12O 

Ethyl  propyl  ketone  (594  62,}  545});  pt  H20, 
EtOH,  heptane,  CHC13  (S46}) 

C6H80r 

Citric  acid  (58}) 

c6h12os2 

Ethyl  ethylthiolthioacetate:  EtOH  (536}) 

CeH^NOa 

Histidine:  v.  p.  359 

c„h12o2 

Butyl  acetate  (54,}  55,}  56,}  57}) 

O6H9N3O3 

Trimethyl  isocyanurate :  H20  (30) 

c6h,2o2 

Ethyl  butyrate  (5  5,}  5  7,}  60}) 

C6Hig 

Cyclohexene  (592.3,663);  p>  Vap.  (599); 

c6h12o2 

Propyl  propionate  (60t) 

C6HI0 

EtOH  (279,  8") 

Cr,H  12O2 

Methyl  valerate  (554  57,}  60}) 

2.  4-Hexadiene:  Vap.  (601>  602) 

c6h12o2s 

Ethyl  ethylthiolacetate :  EtOH  (536}) 

C6K:„ 

Diallvl:  Vap.  (602);  cf.  p.  359 

CeHi203 

Paraldehyde  (534,}  571);  cf_  p_  3go 

c6h10 

a,  a(t3,  T)-Dimethylbutadiene :  Vap.  (602); 

CfiH1206 

Levulose:  H20  (532) 

cf.  p.  359 

Cr.H  i203 

Dextrose  (2654  594) :  h20  (532) 

C6H10ClN3O2 

Histidine  hydrochloride:  50%  EtOH  (649|) 

CeH  12B3 

Trithioacetaldehyde  (S34t) 

CrH10N2 

1,  3.  5  (and  3,  4,  5)-Trimethylpyrazole  (554) 

CeHiaCIN  2O4S2 

Cystine  hydrochloride:  50%  EtOH  (6  4  9}) 

CcH  ]  oO 

Mesityl  oxide  (66,}  67,}  68,}  69,}  176,  294, 

c„h13no2 

Leucine  (594})j  cf.  p.  360 

574J);  H20  (204J);  EtOH  (82,20445394 

c6h14n2 

j3(-y)-Dimethylpiperazine:  EtOH,}  Vap.  (520) 

hexane  (204,{  573});  MeOH,  CaCl,  soln. 

c.h14n*o* 

Lysine:  v.  p.  360 

(5 7 3  j)  j  Vap.  (539);  cf.  p.  360 

c6hi4n4o2 

Arginine:  v.  p.  360 

Cc  H 1  oO 

Diethvlketene:  hexane  (370>}  371});  cf.  j).  360 

c6h14o 

Hexvl  alcohol  ^438) 

CeH  10O 

Cyclohexanone  (66,}  176>  294) 

c6h14o 

Methyl  n-amyl  ether  (532.3) 

C6H,oO 

Allylacetone  (59, }  664  67,}  69});  EtOH,  Vap. 

c6h14o2 

Acetal  (534 j) 

(539) 

CeH  i4S2 

N-Diethyithioetnane:  EtOH  (5  3  6) 

C*H  10O2 

Acetvlmethylacetonic  acid,  vanadyl  salt :  EtOH 

C6H15IS 

Triethylsulfonium  iodide:  CHCL,  EtOH  (242) 

(47S) 

Cr,H15N 

Triethylamine  i 63, }  395}) 

C6H10O2 

Ethyl  crotonate  (68t);  EtOH  (252);  H20, 

C6H16N 

Dipropylamine  (®3}) 

CeHioO-i 

hexane  (204|);  cf.  p.  360 

c6h16cin 

Triethylamine  hydrochloride  (395f) 

Methylacetylacetone  (24>  69,}  176);  H.O,  hex¬ 
ane  (204D;  EtOH  (204,}  475,  478);  cf_  p.  36Q 

C7H2Br3N3 

T  r  i  b  r  0  m  0  b  e  11  z  e  n  e  -  a  n  t  i  ( s  y  n  )-diazoniurn 
cyanide:  Et20  (247) 

CeH  10O2 

Acetonylacetone  (59>t  62>t  66});  EtOH  (23>t 

c7h3ci2no2 

Quinolinyl  chloride:  Et20  (578) 

C6H10O2B2 

eo9);  alk.  (609);  c/.  p.  360 

c7h3ci3o2 

Trichlorotoluquinone:  EtOH  (6t0) 

Diethyl  dithiooxalate:  EtOH  (536) 

c7h4cin3 

p-Chlorobenzenediazonium  cyanide  (147) 

CcH  10O2B3 

Xanthic  thioanhydride:  EtOH  (252) 

c7h4ci2o3s 

o-Sulfobenzoic  acid  dichloride:  Et-.O  (5  78) 

CcH  10O3 

Ethyl  acetoacetate  (22,  59,}  62,}  68>t  255t); 

c7h4ci3no2 

Methyl  2,  3,  4-trichloropicolinic  acid  (506) 

P  (22°);  H20  (33,f  22°,  228,  609);  EtOH  (24, 

c7h4o6 

Chelidonie  acid,  Na  salts:  H20  (21) 

334  220,228,478,  609);  Et20  (228)j  hexane 

C7Hf)BrN  2O4 

Phenylbromodinitromethane:  EtOH  (198  , 

(220,228);  ligroin  (222);  MeOH  (228);  alk. 
(22,  24,  220,  228,  294,  385);  HC1  (22,  220, 

C-H3Br02 

p-Bromobenzoic  acid  and  Na  salt:  EtOH, 
NaOH  (317) 

c6h10o3 

228);  cf.  P.  360;  AI  derivatives:  EtOH  (22) 

C7HsBr30 

Tribromophenyl  methyl  ether:  EtOH,  HC! 

/3-Ethoxycro  tonic  acid  and  Na  salt:  EtOH 

(406) 

CeH  1 0O3S 

(252) 

C7H6C10 

Benzoyl  chloride:  EtOH  (523) 

Diethyl  thiooxalate:  EtOH  (536) 

c7h6cio 

o{m,  p)-Chlorobenzaldehvde:  EtOH,  Vap. 

H  1  oO  4 

Diethyl  oxalate:  P,  ligroin  (252);EtOH  (252, 

(523) 

C3H,o06 

536}) 

c7h5cio2 

o(m)-Chlorobenzoic  acid  (527);  EtOH  (S76) 

Dilactvlic  acid:  CHC13  (134) 

c7h6cio2 

7>Chlorobenzoic  acid  (S27) 

CeH  10^6 

Lactic  anhydride:  CHC13  (134) 

c7h6ci2n3o2 

3,  5-Dichloro-4-hydroxybenzeneazoformamide: 

CeH  1 1  Hr  .N  2O2 

Bromural:  v.  p.  360 

EtOH,  NaOH  (293) 

CeH  1  iN  Ua 

a,  a-Methylnitrocyclopentane:  EtOH  (553, 

c7h5ci3 

Benzotrichloride  (642) 

CsH,,NO, 

6  6  4  j 

c7h5io2 

o(w,  p)-Iodobenzoic  acid  (527) 

Nitrocyclohexane:  EtOH,  CH3ONa  (664) 

c7h6n 

Benzonitrile  (20>  37,}  530) ;  EtOH  (524);  Vap 

O*  H11NO2 

Nitrosoisopropylacetone  (228);  H20,  EtOII 

(524,  624) 

C«KuN02 

(25) 

c7h6no 

Phenyl  isocyanate:  hexane  (370>t  371 }) 

Cyclopentvlnitromethane:  EtOH,  NaOEt 

c7h3no 

Anthranil:  EtOH,  Et20,  hexane  (57  5) 

CjH  1 1NO2 

(553) 

c,h5no2 

o-Oxycarbanil  (479});  EtOH  (283) 

Ethyl  /J-aminocrotonate :  EtOH,  HC1  (22) 

C7H6N03 

o(m}  p)-Nitrobenzaldehyde  (640);  EtOH,  Vap. 

CeH  n 

Cyclohexane  (664);  EtOII  (279) 

('5  4  0'', 
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Formula  Name,  solvents  and  literature 

Ultra-violet  and  Visible.-  ( Continued ) 

Saccharin:  II 20  (134) 

Quinolinic  acid:  H20  (394);  EtOH  (262,  578}; 
cf.  p.  360 

Lutidinie  acid  (262) 
o(m)-Nitrobenzoic  acid  (527) 
p-Nitrobenzoic  acid  (527);  EtOH,  XaOH  (317i 

2,  4,  6-Trinitroanisole:  EtOH  (34,  86);  various 
solns.  (34) 

Pierylmethylnitroamme:  EtOH,  KOH  (165 
Chlorotoluquinone  oxime:  EtOH  (2 1 7) ;  K  salt : 
EtOH  +  KOH  (2i 7) 

3-Chloro-4-hydroxybenzeneazoformumide :  Et¬ 
OH,  EtOH  4-  NaOH  (293) 

Benzylidine  chloride  (642);  EtOH,  Vap.  (523 
Phenyldiazomethane:  v.  p.  360 
p-Nitro-anti(si/n)-benzaldoxime:  EtOH  (80i 
217  ;  NaOEt  80 

Phenyldinitromethane:  EtOH,  CHCU  (259i 
2 9 1 ) ;  K  salt:  H20  098,  259.  29») 
o(m,  p)-Nitropheny!nitromethane:  EtOH, 
CHClj  291  ;  K  salt:  H,0  291 

3,  5-Dinitro-p-tolylnitrosoamine:  EtOH  (471i 

472) 

Picrvlmethylamide:  EtOH,  KOH  (16S) 

2,  3,  5-Trinitroaminoanisole  (453) 
Benzaldehyde  (37>t  38,J  66,4  534,  637);  EtOH 
(20,  540,  604, J  636f);  EtOH,  HC1,  CHCI3 
(63  6  f)  ;  Vap.  (540,  624);  cf.  p.  360 

Thiobenzoic  acid:  H>0,  EtOH  (252);  Hr,  K 
salts:  EtOH  (252) 

o-Hvdroxybenzaldehyde  (38>J  637);  EtOH 
(39, f  523,  634,  636, f  638);  H20,  HC1,  CHClj 
(636 f) ;  NaOEt  (634);  Vap.  (5231 
m- Hv d roxyben zaldehy de  (636,  638);  h,0,  HCl 
(636f);  EtOH  (523,  636f);  Vap.  (523) 
p-Hydroxvbenzaldehyde  (636,  638);  H20,  HCl 
(536);  EtOH  (523,  634,  636);  NaOEt  (534); 
Vap.  (523) 

Benzoic  acid  (i82,J  527,  645.54);  H„0  (28«); 
EtOH  (136,  238,  285,  317,  384,  457);  hexailC 
(95,J  964  606t);  HjSO*  (238);  NaOH  (317); 
Vap.  (524);  cf.  p.  360;  Ar,  K salts:  H20  (28s); 
Na  salts:  H20  0 824  65 9 1) 

Toluquinone  (36);  EtOH  (409>  41°);  Vap. 
(531);  cf.  p.  360 

Salicylic  acid:  II20  (>82,J  28«,  427,  429.  «"+); 
EtOH  (267,  384,  386);  hexane  +  Et20  (9« t) ; 
Na  salt:  HsO  (»82,J  es9,t  6604) ;  EtOH  (386); 
cf.  p.  360 

m-Hydroxvbenzoic  acid:  H20  (427>  429  ;  EtOH 
(267,  386);  hexane  +  Et20  (98  + ) ;  cf.  p.  360 
p-Hvdroxybenzoic  acid:  H20  (286,  427,  429 
EtOH,  f2®7,  386);  hexane  +  Et20  (9«t);  cf. 
p.  360;  Na  salt  >560+  :  EtOH  *•« 
o-Sulfobenzoic  acid:  EtOH  (578<;  X II «  salt: 
II20  (134) 

o(m)-Bromotoluene:  P,  EtOH,  Vap.  (515i 
p-Bromoanisole:  EtOH,  Vap.  (526 
Benzyl  chloride  (6  4  2 ) ;  EtOH,  Vap.  <524) 
o-Ch  loro  toluene  (,7>  386t);  P,t  Vap.  (515  ; 
EtOH  (28,  51  5  t) 

m-CMoro  toluene  (,7);  P.t  Vap.  (5,s);  EtOH 

(28,  S1S|) 


Formula  Name,  solvents  and  literature 


C7H7C1 

p-Chloro toluene  <  1  ~ ,  3 » e  ;  ■  EtOH  t28) 

C7H7C1S 

p-Chlorobenzvlmercapt;in :  ligroin  12124, 

C7H7C12N02S 

Toluene- p-sulfonedichloramide:  EtOH  (i" 

C7H7I 

o(m)-Iodotoluene:  P,f  EtOH.f  Vap.  (517) 

c7h,no 

Benzamide:  EtOH  (285 

C7H7NO 

o-Aminobenzaldehyde:  EtOH,  EtOH  -f  HCl 

C7H7NO 

p-Aminobenzaldehyde:  EtOH  (30>5i9);  Et- 

OH  +  HCl  I39);  Vap.  ( s  1 9 ) 

C7H7NO 

<m/i(sj/n)-Bcnzaldoxime  (637,  639,  642); 

EtOH  <8°.  523,;  NaOEt  80  ;  Et20  278  : 
Vap. (523) 

C;H7NOs 

o(m,  p)-Nitro  toluene:  Vap.  (54°);  EtOH  (43> 

637  j 

C7H7N02 

Phenylnitromethane  (228,664  ;  EtOH,  Et.O, 
MeOEt  (255, 

c7h7no2 

o(m,  p)-Aminobenzoic  acid  (428ti;  11,0  (429i 

c7h7no3 

o-Nitroanisole  (54°,  637^;  EtOII  (26,  32,43); 
H2S04  (32);  ligroin  (43);  Vap.  (S4° 

C7H7NO., 

m-Nit  roan  iso  le  (637) 

C7H7N03 

p-Nitroanisole  (26,  637);  EtOH  (26,  32  i;  H2S04 
(32);  Vap.  (540) 

C7H7N03 

Nit  ro-/;-c  resol :  EtOH  (+NaOEt)  (43) 

C7H7NS 

Thiobenzamide:  H20  (25z) 

C7H7N30 

Phenylazocarbamide  (2 47) 

C7H7N302 

Quinonemonosemicarbazone:  EtOH  (  +  NaOH ) 
(293) 

c7h7n3o3 

p-Nitrobenzenemethvlnitrosoamine:  EtOH 

(247) 

C7H7N30, 

p-Nitrobenzenediazonium  hydroxide  methyl 
ether  (247) 

C7H7N304 

2,  4-Di:.itromethylr.;:ili;.e:  I'tCTT  (477) 

C7H7N304 

Dinitro-o(m)-toluidine:  EtOH  (477 

C7H7N  ,04 

2(3),  6(5)-Dinitro-p-toluidine:  EtOH  (472) 

C7H7N  sOi 

2,  6-Dinitro-4-aminoanisole:  EtOH,  HCl  (453 

C,H„ 

Toluene  (20,4374133,202,4530,642);  p 
(486,  5154);  EtOH  (386,4  443,4  483.5,486); 

hexane  (35343554);  Vap.  (111,202,271, 

483.5,  486,  647,  658);  c/.  p.  360 

C7H.CIN 

Chlorolutidine  (5°4) 

C7H3C1N02S 

Toluene- p-sulfonechloramide:  EtOH  (199 

(MEN 

Formaldehyde  phenylhydrazone:  EtOH  (40 

c7h8n2o 

o-Aminobenzaldoxime:  EtOH  +  HCl  ( 3 o ■ 

c7h8n2o 

Phenylmethylnitrosoamine  (147);  EtOH  (25) 

c7h8n2os 

Thionylmethylphenylhydrazine:  EtOII  (334 

C7H  gN  2O2 

3-Nit ro-p-toluidine:  EtOH  (43> 

C7HsN202 

Nitrotoluidine  (9 forms  :  EStOH  477-) 

c,h8n2o4s 

Nitrotoluene-p-sulfonamidc :  EtOH  (  +  NaOEt 1 

(199) 

c7h8n4o2 

Theobromine  (129»t  2 6 9 1 ) :  cf.  p.  360 

c7h8n4o2 

Theophylline  (129t);  cf.  p.  360 

c7h8o 

Benzyl  alcohol  (20,437,4642);  H20,  C.H.OH 

(350);  Vap.  (524,  624) 

c;II8o 

Anisole  (20,37,4150,4636+);  EtOH  (27.  32, 
386,45264);  H,SO.  (32);  CHCls  t537  :  Vap 

(526,4  537) 

C,II80 

o-Cresol  (660 4) ;  p,4  Vap.  (54°>;  EtOH  (27, 
220,  267,;  .,ik.  ,27,  220  .  hexane  ,3554  :  cf. 
p.  360;  Na  salt:  H.O  (660+ , 

c7h8o 

m-Cresol :  EtOH  (267  ;  (  +  NaOH  27  ;  Vap. 
(5  40);  cf.  p.  360 

C7ILO 

p-Cresol  (6604);  p,+  Vap.  (*4°i;  EtOH  <27, 
2®7 ) ;  (-4- NaOH)  (27 ' ;  hexane  (**»J  ;  p. 
360;  Na  salt:  H7O  <660t, 

C  Ih.NOjS 
(  II  N  ( )  4 

c7h8no4 

C,H8N04 

C,H8N04 

C7H5N107 

<11  N.O, 
CtILCLNOj 

C7H.C1N.0J 

C,H«C12 

c7h,n2 

c7h.n2o. 

CjH.N.O. 

c,h.n2o4 

CjH.N.O. 
('ll  N.O. 

c7h,n4o7 

c7h.o 


c7h.os 

c7h.o2 


c7ilo2 

CtH.Oj 


c7h,o2 


C+H.o. 

CtH.O. 


C7ILO, 

c7h«o. 


C,H,O.S 

CjH7Br 
C+ILBrO 
C,1I  ;C1 
C7ILC1 

C7H7C1 
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Formula 


CJLOS 


C-H802 


C7H802 


C,H„0, 


C;HsO-> 

C7H302S 

c-h8o3s 

c7h„o4s 

CtH,N 

c7h9n 


C:  1 1 

L9N 

c7h 

:»n 

c7h 

:9N 

c7h 

■9n 

c7h 

9n 

c7h 

9no 

c7h 

9no 

c7h 

9no2s 

c7h 

9n3o2 

c7h 

loBrNO, 

c7h 

ioBr204 

c7h 

10CIN 

c7h 

10CIN 

c7h 

10INO 

c7h 

10N  202 

c7h 

1oN204 

c7h 

io03 

c7h 

1  oOf,S 

c7h 

uBr04 

c7h 

nC104 

c7h 

uN 

c7h 

uNOs 

c7h 

..NO, 

c7h 

,20 

C,H 

i20 

C7H 

,20 

c7h, 

i202 

C-H, 

,202S2 

c7h, 

!203 

c7h, 

2o3 

C7Hi20« 

C7H13BrN20 

c7h13no2 

c-h13no2 

c7h13n3o 

c7h14 

c7h14o 

c7h14o 

c7h14o 

c7h14o 

Name,  solvents  and  literature 


Formula 


Ultra-violet  and  Visible. — ( Continued ) 

Ketothiodimethylpyrone:  EtOH,  Et20,  H2S04 

(24!) 

Dimethylpvrone  (76);  EtOH  (21,  76i  241); 
NaOH,  HCI  (2i) 

Guaiaeol:  P,f  Vap.  f540);  II20  (636, f  638, 
660t);  EtOH  (27,  636, f  638);  (-(-NaOH)  (27) 
Resorcinol  monomethyl  ether  (27f);  H20, 
EtOH  (636  j-) 

Hydroquinol  methyl  ether  (27f) 
Phenylmethylsulfone:  EtOH  (189) 
Toluene-o-sulfonic  acid:  H20  (578) 
Hydroxybenzylsulfonie  acid:  EtOH  (523t) 
Benzylamine  (642);  P,  EtOH,  Vap.  (51°) 
o-Toluidine  (386t);  P,  Vap.  ( 5 1 0 ) ;  EtOH 
(263t);  EtOH  +  acid  (28);  hexane  (354J); 
cf.  p.  360 

m-Toluidine  (386t);  P,  Vap.  (5i0);  EtOH 
(+aeid)  (28);  cf.  p.  360 
p-Toluidine  (507);  acid  (28,  263j);  hexane 
(354J);  cf.  p.  360 

Methylaniline:  P,  Vap.  (51°);  EtOH  (20) 

2,  4-Lutidine:  Vap.  (508) 

2,  6-Lutidine  (14);  Vap.  (508) 

7-Lutidone:  EtOH  (+HC1)  (+NaOEt)  (14) 
o(p)-Anisidine:  EtOH  (  +  HC1)  (27,  386f); 
Vap.  (5  2  6) 

p-Toluenesulfoneamide:  EtOH  (199) 

4-Nitro-2,  5-tolylenediamine :  EtOH  (477) 
Diethyl  bromonitromalonate:  EtOH  (198>  255) 
Diethyl  dibromomalonate:  EtOH  (198) 
o(p)-Toluidine  hydrochloride:  EtOH  (263) 

2,  6-Lutidine  hydrochloride  (i  4) 

Pyridonium  ethiodide:  H.O,  CHC13  (242) 
Methvlaminomethylmaleinmethylimide: 
EtOH,  HC1  (389) 

Diethyl  diazomalonate:  v.  p.  360 
Diacetylacetone :  H20,  EtOH,  alk.  (21) 
Dimethylpyrone  sulfate:  H2S04  (241) 

Diethyl  bromomalonate:  EtOH  (198) 

Diethyl  chloromalonate:  EtOH  (198) 

1,  2,  5-Trimethylpyrrole  (362) 

Diethyl isonitrosomalonate : EtOH  (-(-alk.)  (31) 
Diethyl  nitromalonate :  EtOH  (i 98,  255)  ■  h.,0, 
H2S04,  CH3OH,  CHC13,  Et20  (255) 

Suberone:  v.  p.  360 
o  (p)-  M ethy Icyclo hexanone  (294) 
m- M ethylcy clo hexanone  (176,  2  94) 
Dimethylacetylacetone  (176) 

Diethyl  dithiomalonate:  EtOH  (5 3 6 -(•) 

Ethyl  methylacetoacetate:  EtOH,  hexane, 
NaOEt,  H20  (220) 

Ethyl  levulinate  (66, j  67>t  680;  EtOH  (609) 
Quinic  acid:  v.  p.  360 
Adaline:  v.  p.  360 

Piperidylacetic  acid  (3 9S, t  398 1);  Cu  salt: 
EtOH  (39i) 

a,  a-Methylnitrocyclohexane:  EtOH  (664) 

«,  0-Mesityl  semicarbazone  (656) 
Mcthylcyclohexane:  EtOH  (66  4) 

Methyl  amyl  ketone  (176) 

Dipropyl  ketone  (59,}  62,}  126,  294,  545 }) 
Diisopropyl  ketone  (294,  545}) 

Ethyl  isobutyl  ketone  (i76,  545}) 


C7H  i402 

c7h14o2 

CrH.eO 

C7H1603 

CsII4C120, 

C8H4C1206 

c8h4o3 

c8h5no2 

c8h5no2 

c8h5no2 

c8h5no3 

c8h5no3 

c8h6 

C8Hr,N202 

c8h6n2o2 

C8HoN202 

c8h6n2o2 

C8HcN408 

c8h6n4o8 

c8h6o2 

c8h6o2 

c8h6o3 

C8Hfi04 

c8h6o4 

C8Hc04 

CsH604 

c8h6o6 

c8h7ci 

c8h7cis3 

c8h7n 

c8h7n 

c8h7n 

c8h7n 

c8h7no 

c8h7no 

c8h7no 

c8h7no2 

c8h7no2 

c8h7no4 

(Ml  NO, 

c«h7n3o 

ChH7N306 

c8h7n3o8 

c8h7n3o6 


Marne,  solvents  and  literature 
Propyl  butyrate  (60+) 

Amyl  acetate:  P,  ligroin,  EtOH  (25z) 

Heptyl  alcohol  (438f) 

Ethyl  orthoformate  and  salts  (24<b  252); 
salt :  H jO  (252) 

Phthalyl  chloride:  Et20,  hexane  (577) 
p-Dichlorodioxyterephthalic  acid:  H20,  EtOH, 
Et20,  HC1  (236) 

Phthalic  anhydride:  EtOH  (284);  AcOH, 
H2S04  (5  00) 

Isatin  (36,"j*  479,  J  648+);  EtOH  (275);  various 
solvents  (435|:) 

o(m)-Cyanobenzoic  acid:  EtOH,  NaOEt  (576) 
Phthalimide  (386f);  EtOH  (284,  soo);  h2SG4 

(500) 

Anthroxanic  acid:  EtOH,  Et20,  HCI  (57s) 
Phthaloxime  (soo) 

Phenylacetylene  (423,  619);  EtOH  (386) 
p-Nitrobenzyl  cyanide  and  K,  Na  salts:  EtOH 
(4°5);  k,  Na  salts:  EtOH,  MeOH  (405) 
p-Nitrophenylacetonitrile:  EtOH,  NaOH  (317J 
Nitrosophthalimide:  EtOH,  NaOEt  (soo) 
Phenylcyanonitromethane:  EtOH  (2  55);  N-a 
salt:  H20  (255) 

Alloxantin:  H.O  (269f) 

2,  3,  5-Trinitro-4-acetvlaminophenol:  EtOH 
(+alk.)  (455) 

o(m,  p)-Phthalic  aldehyde  (64°);  EtOH,  Vap. 

(523) 

Phthalide  (386);  EtOH,  H2S04,  NaOH  (soo) 
Piperonal:  EtOH,  Vap.  (533) 

Phthalic  acid  (38  6-)-);  H,0  (284,  286,  429); 
EtOH,  H2S04  (soo) 

Isophthalic  acid:  H20  (429);  EtOH  (284);  e 
salt:  H20  (2  8  4) 

Terephthalic  acid  (284);  h20  (429);  K  salt 

(284) 

Piperonxdic  acid  (287);  EtOH  (14°,  533);  Vap. 
(533) 

Dihydroxyterephthalic  acid:  MeOH  (236) 
a(to)-Chlorostyrene:  EtOH  (393) 
?>-Chlorobenzyltrithiocarbonic  acid:  ligroin 
(212);  K  salt:  H20  (212) 

Indole  (648J);  hexane  (171J);  v.  p.  360 
Phenylacetonitrile  (37t);  EtOH  (317,  524); 
NaOH  (317  :  Vap.  (524 
o(p)-Tolunitrile  (386f);  EtOH  (28,  524);  Vap. 
(52  4) 

w-Tolunitrile:  EtOH  (28,  524);  Vap.  (S24) 
Phthalimidine:  EtOH,  H2S04  (500) 
Mandelonitrile:  EtOH  (5  2  3-)-) 

Methylanthranil :  H20,  HCI  (+  EtOH),  Et20, 
hexane  (S75) 
a,  0-Dioxindol  (648J) 
os-Nitrostyrene:  EtOH  (2  5) 

p-Nitrophenvlacetic  acid:  EtOH  (-(-  NaOH) 
(317) 

a(p)-Acetoxynitrobenzene  (637) 
Anisole-an<t(s2/n)-diazonium  cyanide  (>  4 1) ; 

Ht)  -  lit’ N  (247, 

3,  4,  5(6)-Trinitro-o-xvlene:  EtOH  (43) 

3,  .>Dinitro-4-aminophenyl  acetate:  EtOH 
(  +  KOH)  (454) 

3,  5-Dinitro-4-acetylaminuphenol:  EtOH  f454 
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Formula 

C»H> 

CMUBrXaO, 

CM  I, Cl  NO 
CMRCINO 
CjHgCINO 
(II  N  ,0 
ChH,N;Oj 

C8H8N204 
C8H8N204 
< '  1 1  N  O 
(  sH8N408 

c*h»n4o, 

(  sIIsNrOe 

C,HsO 

C8Hs0 

C8H80, 

c8h8o2 

CsH  802 


c8h8o2 

C.H.O, 

c8h8o2 

c8h8o» 

C8H  802 

c8h8o2 

c8h8o3 
c8h8o3 
c8h  8o3 

c8h8o3 

c8h8o3 

c8h  803 
c8h8o4 
c8h8o4 
c8h8o4 

C  8H808 

C8H9BrN2 

CsIIjBrO 
C«H,FO 
(Ml  (NO 
C,H,NO 
C.H.NO 

C8H,NO 

C.H.NO, 
'Ml  No. 

CiHgNOj 


34  d 


Name,  solvents  and  literature 
Ultra-violet  and  Visible.  Continued) 

Styrene:  EtOH  (25i  383i  384,  386,  393,  423, 
619 

5-Bromo-4-hydroxy-m-tolueneazoformamide: 
EtOH  (+NaOH)  (293) 
Aeetvlehloroaminobenzene:  H.O  -197.5 
Chloroaeetanilide:  EtOH  199) 
;>-Chloroacetanilide  (497.5 
Nitrosoacetanilide:  Et-.O  (247 
p-Nitrobenzaldoxime  methyl  ether  (Jour 
forms):  EtOH  (80 

3,  4(5)-Dinitro-o-xylene:  EtOH  (43) 

4,  5-Dinitro-o-xylene:  EtOH  (43) 

2,  4-Dinitrophenetole:  H20  (86i 

2,  5-Dinitro-p-tolylmethylnitrosoamine: 

EtOH  (471,  472) 

3,  5-Dinitro-p-tolylmethvlnitroamine:  EtOH 

(471,  472) 

Murexide:  H20  (269,t  402) 

Acetophenone  (37,+  66iJ  540,  636,  637,  642, : 
EtOH  (20);  CHCR  (392) 
o(m,  p)-Toluic  aldehyde:  EtOH,  Vap.  (523) 
Methyl  benzoate:  EtOH  (119) 

Phenyl  acetate  (76>  636 ■)) 

Phenylacetic  acid  (20.  37,J  527);  h20  (659f); 
cf.  p.  360;  Na  salt:  EtOH  +  NaOH  (317^ 
386);  11,0  (386,  659-)) 
o(m,  p)-Toluic  acid  (487,  527) 

\p,  w-Toluic  acid  (487) 

p-Xyloquinone  (36);  EtOH  (409,  410);  \rap. 
(531) 

o-Methoxybenzaldehyde  (636.t  637);  EtOH 

(634,  636);  EtOH  +  HC1  (636  () 

m-Methoxybenzaldehj-de:  EtOH  (+HC1) 
(636t) 

p-Methoxybenzaldehyde:  EtOH  (523,  634, 
S36t);  (  +  HC1)  (636  f) 

Mandelic  acid  (52 7) ;  EtOH  (386) 

Piperonyl  alcohol:  EtOH,  Vap.  (533 
Vanillin:  EtOH  (523,  606+);  H20,  Et20  (606t  -; 
hexane  (6044  606j);  Vap.  (523);  cf.  p.  360 
Methyl  o-hydroxybenzoate:  EtOH  (386 
o(p)-Methoxvbenzoic  acid  and  Na  salts:  EtOH 

386 

Phenoxyacetic  acid :  EtOH  (+NaOEt)  (386-), 
Dehydracetic  acid:  EtOH  (  +  NaOEt)  (21) 
Isodehydracetic  acid:  EtOH  (21 
Dimethylpyroneearboxylic  acid:  EtOH  (21 
Hematinic  acid  anhydride  (481  j);  Et.O 
(* 7 1 1) ;  cf.  p.  360 

Acetaldehyde  />-bromophenylhvdrazono: 

EtOH  (40) 

p-Bromophenetole :  Vap.  (526) 
p-Fluorophenetole :  EtOH.  Vap.  (526 
Acetanilide  641 );  EtOH  (43,  119 
Acetophenoneoxime:  EtOH  i119 
o(p)-Aminoacetophenone:  EtOH  (  +  IICI 

(30) 

Benz-aati-aldoxime  A'(0)-methyl  ether:  EtOH 
(SO) 

Methylanthranilic  acid :  EtOH  (395 
Anilinoacetic  acid:  EtOH  391  ;  Cu,  Na  salts: 

II  O  391 

3(4  i-Nitro-o-xylene:  EtOH,  ligroin  43 


| _ Name,  solvents  and  literature 

Phenylaminoacetic  acid  and  K  salt:  EtOH 

l  386) 

o(m,  ;»i-Nitrophenetole:  EtOH,  ligroin  43 
Nit  r(  >-/>-(*  reset  ole :  EtOH  43 
Nitroquinol  dimethyl  ether:  II  O.  hexane 
l254,;  EtOH  32,  43  :  aniline,  pyridine, 
ligroin,  CMC,  (43  ■  CHCI-,  (43,  254  ;  H  SO, 

(32) 

Hematinic  acid  iraide:  Et-.O  (171  +  ;  cf.  p.  360 
Ethyl  citrazinate:  EtOH  (+NaOEt  14 
Thioacetanilide  and  Na  salt  445 

4- Hydroxy-wi-tolueneazofomiamidc :  Ft  OH 
(  +  NaOH)  (293) 

2- Nit ro-4-acetyl-;>-phenvlenediamine :  EtOH 

(477) 

3,  4-Din itro-5-amino-o-xy lone:  EtOH  472 
3,  5-Dinitro-4(6)-amino-o-xvlene  (477  ;  EtOH 
(472) 

4(6),  5-Dinitro-3-amino-o-xylene:  EtOH  (472) 

2,  4- Dinit rodimethylaniline:  EtOH  (2,8>  477 

3,  4-Dinitrodimethylaniline:  EtOH  (2 1  s  , 

2,  3-Dinitromethyl-p-toluidine:  EtOH  (47i 

3,  5-Dinit romethyl-p-toluidine  (472  , 

o(m,  p)-Xylene  (37J);  EtOH  (27,133,263,1 
379,486);  hexane  (353J);  Vap.  (202,f  271, 

469,  486);  cf  p  3(j() 

Ethylbenzene  (20,  386,  423);  EtOH  (286, 

48 6,  -f-  619,  651  I);  Vap.  (202,  271,  4  8  6,  651) 

Dimethylfulvene:  Vap.  (602) 
4-Broino-4-chloro-l,  l-dimethylcvclohexan-3, 

5- dione:  EtOH  (199) 

Dibromothymoquinone :  EtOH  (6ioi;  Va,p. 

(531) 

4-Dibromo-l,  l-dimethylcvelohexan-3, 

5-dione:  EtOH  (199) 
a-Chlorocollidine  (504,  53  5)-) 

4-Dichloro-l,  l-dimethylcyclohexan-3, 

5-dione:  EtOH  (199) 

Acetaldehyde  phenylhydrazone:  EtOH  ( 4 o , 
620);  AcOH  (40) 

Benzeneazoethane:  EtOH  (247,  620,  621 
Nitrosodimethylaniline:  EtOH  (268 

3- Nitroinethyl-/>-toluidine:  EtOH  43,472 
5(6)-Nitro-4-amino-m-xylene:  EtOH  (477, 
m(p)-Nitrodimethylaniline:  EtOH  (43 
Caffeine  (129-J-);  |j2o  (264,  269f);  cf_  p  3,30 
o(m)-Cresol  methyl  ether:  EtOH  (27; 

Fhemetole  (*®);  EtOH  27,  M«  ;  Vap.  («*• 

m ,  4-Xylenol:  EtOH  (+NaOEt)  (385,  s 3 3 1  ; 
Vap.  (533) 

/>-Xylenol:  EtOH  (+NaOHt!  385) 

4- IIydroxy-3-met  hoxytoluene  1 37 

Quinol  dimethyl  ether  < 3  2  , ;  EtOH  .27,638 
H,S04  (27) 

Resorcinol  dimethyl  ether  (27,-)- 636);  EtOH. 

H  .S04  (32) 

o-Dimethoxybenzene  Veratrole  27- 
hexane  (604,j  606  +  j.  cf  p  3(30 
Triacetic  lactone  ethyl  ether:  EtOH  21 
Diethyl  aeotylenedicarboxvlnte  58*  , 

4-Bromo-l,  l-dimethylcyclohexan-3, 

5- dione:  EtOH  (199 

4-Chloro-l,  l-dimethylcvclohexan-3,  5-dione: 

EtOH,  NuOEt  (>" 


Formula 

c8h,noT 

C8H,NOa 

c8h9no3 

c8h,no4 


C8I19N04 
(Ml, No, 
(Ml  NS 
(MIN  n 

(  .II  .  N  ( ) 

c8h,n3o4 

c8h9n3o4 

ChH9N304 

c8h9n3o4 

(MI  NO. 

c8h9n3o4 

C  8H  9N  3O  4 
C8H,o 


c8h,„ 
c8h  10 

C8H,„BrC102 

CsHioBr202 

CsHi0Br2O2 

C8H,oC1N 

C8H,„C1202 

C8Hi0N2 


(ML  N  o 
CsH  10N  202 
(  .11;  N  Of 
C8HioN2Oj 
CsH  i„N40: 

c8h,„o 

CsH  10O 

CSH  10O 

CsHioO 
CsH  1  oO  2 
CsH  1  o02 

CsIIioOj 

C.H  1  o02 

CsII.oO. 

C,H,„04 

CsIInBrO, 

CsIluClOj 
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Formula 

Name,  solvents  and  literature 

Formula 

Name,  solvents  and  literature 

Ultra-violet  and  Visible.  —  ( Continued ) 

Colli, BrNiOs 

p-Bromophenyloximidooxazolone:  Et20  (243  1 ; 

C»H ,  ,CIOi 

Trimethylpyroxonium  perchlorate:  1 1 2S0 4 

(241) 

metallic  salts:  CIICI3,  C3H.4N,  PhOH  (243 
Ba,  Cs,  lx.  Li,  Na,  NIL.  Rb  salts:  EtOAc  + 

CsILiClOsS 

Dimet  h  y  1-2,  6-mercapto-4-pyroxonium  per- 

Me2CO  (243, 

chlorate :  1 1 2S0<  (241) 

C9H5Br2NO 

5,  7-Dibromo-K-hydroxyquinoline:  EtOH 

CsIInClOe 

Methoxy-4-dimethyl-2,  6-pyroxonium  per- 

(+NaOH)  (I38) 

chlorate:  IL..SO4  (241) 

C  ’9H5N  3O10 

Trinitrophenylmalonic  acid,  K  salt:  H20, 

CiHnClO, 

Dimet hylmethoxypyroxonium  perchlorate: 

EtOH  (249) 

H,S04  (242) 

C9Hc02 

Phenylpropiolic  acid  (423>  527);  EtOH  (386, 

C  8  H  1  1 1 0  2 

Dimethylmet  hoxypyroxoniuin  iodide:  H20, 

607,  61  9  ^ 

CHCls  (242) 

c9h7cin2 

3-Phenyl-5-chloropyrazole  (554) 

CsH,iN 

3-o-Xylidine:  P,  EtOH,  Vap.  (5i0) 

c9h7cin2o 

l-Phenyl-3-chloropyrazolone  (534) 

CsH,  iN 

2-m-Xylidine:  P,  EtOH,  Vap.  (510) 

c9h7n 

Quinoline  (650t);  P  (509t);  EtOH  (143,262, 

CsH„N 

4-m-Xylidine  (507) 

263, f  386,  509f);  HC1  (I43,  223,  386);  CHClj. 

CsHuN 

Collidine  (S04,  535);  Vap.  (SOS) 

HI  (223);  Vap.  (509 1) ;  cf.  p.  360 

C8H„N 

Ethylaniline  (37t);  P,  EtOH,  Vap.  (510) 

c9h7n 

Isoquinoline:  EtOH  (386,  606j);  ];t2o  (606Jj 

CgHuN 

Dimethylaniline  (386);  P,  Vap.  (510);  EtOH 

(20,  384) 

EtOH  +  HCl  (388);  hexane  (1S6,+  603,J 
606 t);  cf.  p.  360 

CsHnNO 

o(p)-Phenetidine:  EtOH,  Vap.  (526) 

c9h7no 

a-Hydroxy quinoline  (479i);  EtOH  (275) 

(\HnNO 

m-Dimethylami nophenol:  EtOH,  Vap.  (519) 

c9h7no 

6-Hydroxyquinoline:  EtOH  (13S) 

C8HuNO, 

Isonitrosodimethyldihydroresorcinol,  and  Na 
salt:  EtOH  ( 4«o , 

c9htno 

8-Hydroxyquinoline:  EtOH  (+NaOH) 

(  +  HC1)  (158) 

C8H12C1N 

Dimethylaniline  hydrochloride:  EtOH  (384) 

c9h7no 

/3-Indole  aldehyde  (648) 

C8H12C1N 

Collidine  hydrochloride  (504) 

c9h7no2 

d-Indolecarboxylic  acid  (648) 

c5h12n2o3 

Veronal:  v.  p.  360 

c9h7no2 

Methyl  o-cyanobenzoate :  Et20  (576) 

CgH  12N  4 

Azoisobutyronitrile  (247) 

c9h7no2 

Methylisophthalimide :  Et>0  (576) 

CsH  i202 

Dimethyldihydro resorcinol :EtOH  ( +alk.)  (27) 

c9h7no2 

Methylisatin  and  f  form:  EtOH  (2  7  5) 

CsH1202 

1,  l-Dimethylcyclohexan-3,  5-dione  (176); 

c9h7no2 

a-Hydroxy- /3-in dole  aldehyde  (648j) 

EtOH  (  +  NaOEt)  Q") 

c9h7no4 

o(m,  p)-Nitrocinnamic  acid  (527) 

C8H1203 

Ethyl  /3-acetylcrotonate:  H>0,  hexane  (204J) 

c9h8cin 

Quinoline  hydrochloride:  EtOH  (2  63-)-) 

C»H  12O4 

Ethyl  acetoacetylacetate :  EtOH  (+NaOEt) 

c9h8ci2n2 

3-Phenyl-5-chloropyrazole  hydrochloride  (554) 

CsH1205 

(21) 

C9HsN2 

1-Phenylpyrazole  (5  5  4) 

Ethyl  oxaloacetate :  EtOH  (+alk.)  (23f); 

c9h8n2o 

l-Phenvl-3,  5-pyrazolone  (554  ,;  NaOEt  (554) 

hexane,  NaOH  (37«4  371 1);  Na  sait:  H20  + 

c,h8n2o 

1  (3)-Phenyl-5-pyrazolone  (554) 

C8Hi3NO 

Na2COs,  CHCL  (237) 

c9h8n2o2 

A'-Methyl-p-nitrobenzyl  cyanide:  MeOH  (405, 

Tropinone:  v.  p.  360 

c9h8n4o8 

2,  3, 5-Trinitroacetylaminoanisole: EtOH  (453| 

CsH13N02 

Aminodimethyldihvdroresorcinol :  EtOH  (27) 

C9H8N  408 

2,  3,  6-Trinitroacetylaminoanisole :  EtOH, 

C8Hi3JN  Or. 

Diethyl  nitroisosuccinate:  EtOH  (198) 

NaOH  (453) 

ChHuNOg 

Diethyl  nitromethylmalonate :  EtOH,  CHC13 

c9h8o 

Cinnamic  aldehyde:  EtOH,  Vap.  (523) 

(255) 

C9II802 

Allocinnamic  acid:  EtOH  l649) 

C8Hi4Br  2O3 

Ethyl  /3-ethoxycrotonate  dibromide:  EtOH 

(235) 

c9h8o2 

Cinnamic  acid:  H>0  (3S,  i82,j  613,  6i  4,  659 
EtOH  (35,  119,  383,  384,  385,  386,  393,  423, 

c8h„o 

Methylheptenone  (66,  j  67,  j  176>  294);  cf. 
p.  360 

527,  607,  613,  614,  617,  619);  NaOEt,  HCl 
(35);  C9H8  (494t);  cf.  p.  360;  Na  salt  (182J); 

08H 14O 

Dipropylketene:  hexane  (3704  371 1) 

H,0  (659f) 

CsH  14O2S2 

Dipropyl  dithiooxalate :  EtOH  (536) 

c9h8o2 

Atropic  acid:  EtOH  (u9) 

C8H  1 40*2^2 

Diethyl  dithiosuccinate:  EtOH  (536t) 

c9h8o3 

o-Coumaric  acid:  EtOH  (43i  385 );  (  +  NaOEt 

C»H  14O3 

Ethyl  ethylacetoacetate  (594  68J):  EtOH  (22. 

(43);  Na  salt:  EtOH  +  NaOEt  (43) 

C8Hi403 

59J) 

C9Hs03 

m-Coumaric  acid:  EtOH  (385) 

Ethyl  /3-ethoxycrotonate  (22i  228i  2 5 5 1) ;  H20, 

c9h8o8 

p-Coumaric  acid:  EtOH  (385) 

hexane,  NaOEt  (22°);  EtOH  (220,  226,  235, 

c9h8o3 

o(m,  p)-Acetoxybenzaldehyde  (636,  637) 

C8H 14O3 

385);  cf.  p.  360 

c9h9n 

a(/3)-Methvlindole:  hexane  (171{) 

Ethyl  dimethylacetoacetate  (228);  EtOH  (220> 

c9h9no2 

A’(0)-Ethyl-o-oxycarbanil  (283,  479j) 

CsH.sNO 

226,  235);  hexane  (220) 

C9H9IS  O3 

Hippuric  acid:  H20  (286,  594, j-  659f);  cj  p 

Tropine:  v.  p.  360 

360;  Na  salt:  H>0  (659f) 

ChII  ir.O 

Methyl  hexyl  ketone  (59,J  62, j  294,  545|); 

C9H9N04 

o-Carbamylphenoxyacetic  acid:  EtOH  (456, 

C»HifiO 

EtOH  (609) 

C,H9N04 

Dimethyl  quinolinate:  Et>0  (S78) 

Pentamethylacetone  (294) 

c9h,n,o 

a(/3)-4r-Acetvl-3,  4-tolylenediazoimide :  EtOH 

C8Hi7JN 

Coniine:  P,  EtOH,  Vap.  (509) 

(474) 

C8H  18 

Octane  (286f) 

c9h9n3o3 

AcetyI-/>-benzoquinone  semicarbazone  (293) 

CsH  isO 

n-Octyl  alcohol  (438t) 

C9H.o 

a(/3)-Methvlstyrene:  EtOH  (384 

C81 1 1 8o 

Isooctyl  alcohol  (261f) 

C.H.oNsO 

Pvruvaldehyde  phenylhvdrazone:  EtOH,  NaO- 

CbHoolP 

rotraethylphosphonium  iodide:  IL.O,  EtOH, 

Et  (45) 

CIIClj,  amyl  alcohol  (242) 

C9H10N  203 

Nitroaceto-p-toluidine:  EtOH  (43 

ULTRA-VIOLET  ABSORPTION  SPECTRA  ORGANIC  SOLUTION.' 
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Formula 


C»H  i  iN tO( 

C»1 1 1  ,,0 
(  »H  H1O2 


Call  K1O2 
Call  10O2 
Call  ioOj 
Call  ioOj 

0911,004 

Call  1 ,  Br  N 1 

c,h„in5 

C,H  N 
Call,, NO 

C9H 1 1 N  O 
C9H11NO 

Call  11NO2 

C*H  N0» 
CsIIuNOa 
(Ml  NO 
C,HuNO, 

C9H , ,  NO3 
C9H11NS 
(Ml  N .  O 
(  .11  N  O2 
C,H,,N304 
C9H11N304 

C9II  uN  3O4 

CaHij 

C9H11 

C9H12CIN 

Call.aClNOa 

C.HuClNOj 

C.HuNj 

C.HuNj 

C9HitNj 

C.HnNjO 

Call  NO 

C.H.tNaO, 
C9H  iiNjO<S 
C.H.aO 

C  all  ijOi 

(  all  12O3 

(ll  N 
C.H  \ 
C,H„NO 
o.ll  NO 
(  .11  NO 
C,H  i<C1N 

C,H|«C1N 


Name,  solvents  and  literature 
Ultra-violet  and  Visible.  Continued 

2,  3,  6-Trinitrodimethyl-p-toluidine:  EtOH 

(471) 

Phenyl  ethyl  ketone  (20 
I  0-Phenylpropionic  acid:  EtOH  (20,  3  7,+  386, 
423,  607,  619);  H20  (®*®t);  c/.  p.  360;  Na 
salt:  H20  (659 f) 

Benzyl  acetate  (20f) 

Ethyl  benzoate  (37t) 

Tropic  acid:  EtOH  (136);  cf.  p.  360 

Ethyl  o-hydroxybenzoate  and  Na  salt:  EtOH 

(385) 

Veratric  acid:  EtOH  (140>  287 
Acetone  7>bromophenylhydrazone:  EtOH  (40 
Dimethylbenziminazolium  iodide:  HI)  (631 
Tetrahydroquinoline:  EtOH  (263t) 
8-Hvdroxvtetrahydroquinoline:  EtOH  (  +  HC1) 

(158) 

Mcthvlacetanilide:  EtOH  (43) 
7>-Dimethylaminobenzaldehvde:  EtOH  (30, 
519);  HC1  (30);  Vap.  (519) 

Phenylalanine:  v.  p.  360 
Dimethylanthranilic  acid:  EtOH  (395, 

Methyl  methylanthranilate:  EtOII  (395) 
Methyl  anilinoacetate  (386t) 

Nitroinesitylene:  EtOH  (43) 

Tyrosine  (594t);  H.-0  (286);  cf.  p.  360 
A  -Met hylthioacetanilide  (44S) 
Phcnetoleazoformamide:  EtOH  (293) 

Acetone  7>-nitrophenylhydrazone:  EtOH  (40 
2,  5-Dinitrodimethyl-7>-toluidine:  EtOH  (471i 
2,  6  (and  3,  5)-Dinitrodimethyl-p-toluidine: 
EtOII  (47i,  472) 

3, 5-Dinitro-4  (6)-methvlamino-o-xvlene:  EtOH 

(477) 

Mesitylene  (37 J) ;  Vap.  (271) 

Propylbenzene  (20),  386)-) 

Tetrahydroquinoline  hydrochloride:  lit  OH 
(2  63  f) 

Phenylalanine  hydrochloride:  EtOH  (649R 
Tyrosine  hydrochloride:  EtOH  (649  + 

Acetaldehyde  phenvlrnethvlhvdrazone:  l  it  Oil 

.,o 

Propionaldehyde  phenylhvdrazone:  EtOII  -+- 
AcOH  (40) 

Acetone  phenylhydrazone:  EtOH,  AeOII 

(  40 

Dimethylbenziminazolol :  EtOII  631 

2- Nit rodimethyl-7>-toluidine:  EtOH  471 

3- Nit rodimethyl-7>-toluidine:  EtOII  43>  471 
7-Cumenediazonium  sulfate:  HjO  <247 
Benzyl  ethyl  ether  (37J);  EtOH  (2 0  > ;  Vap. 

(624) 

Tetramethylpyrone  (21  f) 

PhloroRlucinol  trimcthvl  ether:  EtOH  (281 
Mesidine:  P,  EtOH,  Vap.  ( 5 1  °  , 
Dimethyl-o-toluidine:  EtOH  (384,  386 
7-Ethoxylutidine  (14) 

Ethyl  dinaethylpyrrolecarboxylate  (363,  364 
.Adrenaline  (,28t) 

Phenyltrimethylammonium  chloride :  EtOH 

(395) 

Dimethyl-o-toluidine  hydrochloride:  EtOH 

(384 


Formula 
C,H14IN 

C9HmN302 

c,h,4o 


C9H  \aOi 

C9H  hOs 

C  9II  isBrO, 
C9H 19NO3 
Call  UN3O3 

(  .11  N  (  * 
C  M 

C9H17NO* 
C9H18N6 
C9II  isO 

C,H,9N02 

C9H21N 


C.oHeN  2O4 

C,oH602 


Ci0H,O, 

CioHo04 

C.oHrBr 

C,0H7BrNsO, 

C,oH7C1 

C10H7C1N2 

C 1 0H7N  02 

C,«H7N02 

C10H7NO3 

C.oH, 


C.oHhNj 

Cl.H.X'O, 

C10H  sN  4O4 

C,„HsO 

C,„HsO. 

C,  ..H.BrNjO 

C.oH.CIN, 

C.oH.N 

C.oH.N 

C10H9NO 

C10H9NO 

C10H9NO 


Name,  solvent.'  and  literature 
Phenylt  rimethylaminonium  iodide:  EtOII 

1  3  95  \ 

Et  hyl  1 -amino-2,  5-dimethyl— 4-pyrrolecarboxv- 
late  <362) 

Phorone  (14>  66,+  67>j  7°,}  >78,  4>>  EtOII 

,404,  406,  4  1  0,  5  7  3+  ■  H,0,  hexane.  \COH 

(573  +  );  H2SO4  (406>  573  :  ;  CHC1  ,  ZnClj 

(406  1;  Vap.  (539  t ,  ;  cf  p  3,;,, 

Diethyl  aeetonedicarboxylate  58J,  176  :  EtOII 
(+aik.)  (23  + 

Diethyl  hydroxvmethvlenesuccinati'  l  it  OH 

(22) 

Dipropyl  bromomalonate  198 
Ecgonine:  v.  p.  360 

Triethyl  isocyanurate  (12<U;  EtOH  280 
Triethyl  cyanurate  (120 
Geraniolene:  Vap.  (602, 

Ethyl  piperidoacetate  (395) 

TriethyRiso 'melamine.  EtOII  280 
Hexamethylacetone  (294,  545+  •  p  {j,0, 
EtOII.  heptane,  CIICR  ( 5 4 6 ; 
d-7-Nonyl  nitrite:  P  (490fi 
Tripropylamine  ( 63 +  ; 

Dichloronapht  halene  (10  isomers):  hexane, 
Vap.  (372.3) 

Quinoxalindicarboxylic.  acid  and  Fe,  Na  salts. 
H2O  (394) 

a-Naphthoquinone  (36,  410,  432+  EtOH 
I409,  518i;  Vap.  (BS1);  /3-Naphthoquinone 
(409);  EtOH,  Vap.  (Sis, 
Hydroxymethyleneindandione:  H.O  1  -i-HCl 
(401 );  Na  salt  40 > 

Phthalyl  acetic  acid:  AeOII,  H,SO«  i500 
a(Ri-Bromonaphthalcnc:  EtOH,  Vap.  (518, ; 
cf.  p.  360 

7>-Bromophenyloximidoxazolone  methyl  ether: 
Et,0  f243) 

a(d)-Chloronapht halene:  EtOH,  Vap.  (518 
oe-Naphthalenediazonium  chloride:  H20,  dil. 
acid  (89,  247) 

a(d)-Nitronaphthalene:  EtOH  (4 3,  5 1  8 > ;  hg_ 
roin,  CJL  (43) 

Cinchoninic  acid :  v.  p.  360 
Acetylisatin :  EtOH  (435J) 

Naphthalene  (42,  133,  32 4 , ;  EtOII  (is,t  261,) 
263,)  379,  386,)  431,  518,  599,  606+  •  hexane 
(156, |  306,+  372,+  606  +  );  ,Q  (606),;  Vap 
(304,  305,  372,  51  8,  599  ;  cf  p  30() 

2-Dipj'ri<lyl:  EtOH,  Vap.  (263, t  520 
a-Nitro-d-naphthylamine:  FitOH  (sis 

4-Nitro-l,  7>-nitroplienyl-3-methyl-r>-p>  razo- 
lone  (554) 

ar(/3)-Naphthol:  EtOH  (360,  432,)  sis  ;  cj 
p.  360 

Benzylidenemalonic  acid :  HjO,  EtOII  (  +  NaO- 
Et)  (35) 

1. 7>-Bromophenyl-5-methyl-3-pyrazolone  (5  5  4 
l-Phenyl-3-met hyl-5-chloropymzole  (5  5  4 
a-Naphthylamine:  EtOH  5  * 8  ;  cf.  p.  360 
d-Naphthylamine:  EtOH  478,  sis  •  r(  p  300 
7>-Methoxyquinoline:  e.  p.  360 
6-Methoxyquinoline:  EtOH  *35 
Carbostvril  A’(0)-methvI  ether  (275  EtOH 
(4  79  I) 


INTERNATIONAL  CRITICAL  TABLES 


.>40 


Formula 

Name,  solvents  and  literature 

Formula 

Name,  solvents  and  literature 

Ultra-violet  and  Visible. — ( Continued ) 

C,0H  13N3O4 

Dioth vl-2(3),  4-flinitroaniline:  EtOH  (218) 

C„,H9Ns02 

Isonitrosophen  vlmethylpyrazolone:  EtOH 

CioHh 

Cymene:  EtOH,  Vap.  (271) 

(+NaOEt)  (4°2) 

C,oH,4 

w-Cymene:  EtOH  (225) 

C„,H9N303 

l-m-Nitrophenyl-5-methyl-5-pyrazolone  (554) 

CioH,4 

tert.-Butylbenzene  (20)t  37 1) 

CioH,„ 

1,  4-Dihydronaphthalene  (42);  EtOH  (379) 

CioHuBrCIO  , 

a,  a'-Chlorobromocamphor:  EtOH  (412) 

Cu,H10Br2O2 

Dibromothymoquinone:  EtOH  (61°);  Vap. 

C10H 1  iBrjO 

a,  a'(/3)-Dibromocamphor:  EtOH  (4i2) 

(531) 

C 1 0H  iiBrNOa 

a,  a'-Bromonitrocamphor:  EtOH  (41z) 

C.ALoCIN 

Quinoline  methochloride:  H20,  EtOH  (223) 

C,0H,4BrNO3 

d(vr)-Bromonitroeamphor:  EtOH,  Et20, 

C.oIIioClN 

a(d)-Naphthylamine  hydrochloride:  EtOH 

C2H4C12  (412);  Na  salt:  EtOH  (4i2) 

(518) 

Ci0H14C1NO3 

a,  a'-Chloronitrocamphor:  EtOH  (412) 

CloH,oClNO 

6-Methoxyquinoline  hydrochloride  (135) 

Ci0H14C12O2 

Camphorvl  chloride,  cis  and  cis-trans:  Et2(l 

C10H10CI2O2 

Dichlorothymoquinone:  EtOH  (61°);  Vap. 

(578) 

(531 ) 

CloH14N2 

Acetone  phenylmethylhydrazone :  EtOH  (40) 

CioH.oIN 

Quinoline  methiodide:  EtOH,  CHC13  (223) 

C.oHuN, 

Pro  pi  on  aldehyde  phenylmethylhydrazone: 

C10H10IN 

Isoquinoline  methiodide:  EtOH  (631);  CHC13 

EtOH(40) 

(223) 

C10H14N, 

Nicotine:  P,  Vap.  (509);  EtOH  (136,  264, 

C10H10N2O 

l-Phenyl-3(5)-methyl-5(3)-pyrazolone  (554) 

509) 

C10HI0O 

Benzylideneacetone:  H20  (534);  EtOH  (13> 

C]  0H14N 403 

Ethoxycaffeine:  EtOH  (269) 

35);  H2SO4  (13) 

c10h14o 

Carvacrol:  EtOH,  Vap.f  (533) 

C,oHio02 

Benzoylacetone:  EtOH  (23>t  475i  478);  alk. 

C.oHhO 

Carvone  (294);  Vap.  (532) 

(23t);  A1  salts:  EtOH,  alk.  (23f);  V  salts: 

C 1  oH  1 4O 

Thymol:  H20  (286);  EtOH  (385,  533);  EtOH 

EtOH  (473) 

+  NaOEt  (660f);  Vap.  (S33);  Na  salt  (660f) 

C,oH,o02 

o(m,  p)-Diacetvlbenzene:  EtOH,  CHC13,  hex- 

CioHu02 

Camphorquinone  (4 1 6 1) ;  EtOH  (4 1 5,  609). 

ane  (642) 

CoHo  (415);  toluene  (644I);  Vap.  (532) 

CioHin02 

(Iso )Saf role:  EtOH  (H9) 

C10H 14O3 

Camphoric  anhydride:  Vap.  (532) 

C10H 10O2 

a-Methylcinnamic  acid:  EtOH  (384i  393) 

C10H14O4 

Tetraacetylethane:  EtOH  ( -f  NaOEt)  (21) 

C10H,o02 

/3-Methylcinnamic  acid:  EtOH  (384) 

CioHisBrO 

a-Bromocamphor:  EtOH  (412,  413) 

C10H10O3 

Methyl  coumarate:  EtOH,  NaOEt  (385) 

C10H  i5BrO 

d-Bromocamphor:  EtOH  (4i2) 

C10H10O4 

Meconin:  EtOH,  Et20  (606  j) 

C10H 15B1O4S 

t/-a-Bromocamphor-/3-sulfonic  acid,  NIC  salt: 

C10H10O4 

Dimethyl  terephthalate  (284) 

EtOH  (525) 

CioHi„Oo 

Opianic  acid:  EtOH,  Et20  (6034  605,j  606j) 

CioH15Br04S 

a-Bromocamphor-7T-sulfonic  acid,  NHi  salt: 

Ci0HI0O6 

Dimethoxyterephthalic  acid  (236) 

EtOH  (413) 

c10h10o6 

Hemipinic  acid:  EtOH,  Et20  (606t) 

c,0h16cio 

a-Chlorocamphor:  H20,  EtOH  (412>  413) 

CioHnNO 

Benzylideneacetoxime  (534) 

C10H16ClO4S 

a-Chlorocamphor-/3-sulfonic  acid,  Ksalt:  H  .O, 

C10H11NO 

/3-Indoleethyl  alcohol  (648t) 

NaOH  (413) 

C10H 1 1NO4 

Ethvl  p-nitrophenylacetate:  EtOH  (+NaOH) 

C,oH15N 

Diethylaniline:  P,  EtOH,  Vap.  (5io) 

(317) 

c10h16no 

Carvoneoxime:  EtOH  (532) 

C,oH„N304 

Nitrodiacetylphenylenediamine :  EtOH  (477) 

C,oH15N02 

Ethyl  trimethylpyrrolecarboxylate  (363,  364 

C10H 1  iN  3O7 

4(6),  5-Dinitro-3-acetylaminoveratrole:  Neu- 

C,oH15NO, 

Isonitrosocamphor:  EtOH  (+alk.)  (31) 

tral  and  alk.  sol.  (19°) 

c10h1!,no2s 

Camphor-/S-sulfonanhydramide:  EtOH  (413 

C,oH,2 

Dicyclopentadiene:  Et20,  EtOH  (618) 

CioH  15NO3 

Nitrocamphor:  EtOH,  Et20,  C2H4C12  t4’2); 

Ci,)H  12 

1,  2,  3,  4-Tctrahydronaphthalene  (42);  EtOH 

Na  salt:  EtOH  (412) 

(379);  Vap.  (518) 

CioHjjN3Oj 

Ethyl  2,  5-dimethyl-l-ureido-4-pyrrolecar- 

c10h12 

1,  4,  6,  9-Tetrahydronaphthalene  (42) 

boxylate  (362) 

C10H12N2O 

Diacetylphenylhydrazone:  EtOH,  NaOEt  (45) 

c10h16 

Bornylene:  Vap.  (602) 

c,0h!2n2o 

Pyruvaldehyde  phenylmethylhvdrazone  (45) 

C,oH16 

Camphene:  Vap.  (602) 

C10H 12N2O3 

3-Nitromethylaceto-7>-toluidide:  EtOH  (43) 

C,oH16 

Dipentene  (225) 

C,oH,2U 

Anethole  (122,  iso-)-) 

c10hi6 

Limonene  (12°);  EtOH  (22S);  Vap.  (602) 

C,oH120 

Cumaldehyde:  EtOH,  Vap.  (523) 

C10H16 

a(/3)-Phellandrene:  EtOH  (22S);  Vap.  (602) 

C,oHI20 

a(j3)-Ethoxystyrene:  EtOH  (383) 

C,oH16 

a-Pinene:  EtOH  (225);  Vap.  (602) 

c,„hI2o 

Methylchavicole  (150t) 

C10H16 

Sylvestrene:  EtOH  (22S);  Vap.  (602 

C.oIIiA) 

ar-Tetrahydro-a(/3)-naphthol :  EtOH  (360) 

C,oH16 

Tcrpinene  (12°) 

Ciol  1  i2U2 

Eugenol  and  isoeugenol  (150f);  EtOH  (H9> 

C10H16 

Terpinolene  (i20) 

533,  628J);  Vap.  ( 5  3  3  f ) 

CuiH  10 

Turpentine  (260t) 

C,„HI202 

Ethyl  phenylacetate  (2 °> t  37 1) 

C,»H,6BrN03S 

a-Bromocamphor--.  -sulfonamide:  EtOH  (4 1 3) 

C,oH1202 

Thymoquinone  (36);  Vap.  (53i) 

C,oH16C1N03S 

a-Chlorocamphorsulfonamide:  EtOH  (413) 

c,„h12o3 

Ethyl  phenoxyacetate  (20) 

CiqH  16N2O 

a(j3)-Camphorquinonehydrazone  (368) 

Ci,H„NO* 

Methyl  dimethylanthranilate :  EtOH  (395) 

C,oH16N202 

Methyl  y-diazocamphonanate  (349.5) 

C.oHnNO, 

Ethyl  anilinoacetate :  EtOH  (395) 

C10H16N2O2 

Ethyl  l-amino-2,  3,  5-trimethvl-4-pyrrolecar- 

C10H 13N  O2 

o-Ben zobetaine:  EtOH  (395) 

boxylate  (362) 

C,„H13N304 

3,  5-Dinitro-4(6)-dimethylamino-o-xylene: 

C10H16O 

Camphor  (29*,  416);  EtOH  (31,  261,-j-  270, 

EtOH  (477) 

412,  415,+  525);  Et,0.  C2II4CI2  («*);  cyclo- 

C10H13N3O4 

3,  5-Dinitro-4(6)-ethylamino-o-xylene:  EtOH 

hexane  (4 1 5 j ) ;  Vap.  (532) 

(477) 

C10H16O 

Carvenone  (i20) 

I  LTRA-VIOLET  ABSORPTION  SPECTRA  -ORGANIC  SORPTIONS 
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Formula 


CioHksO 

C  II  o 

CicH  nO 
CioII  nO 

CioH  nOj 
CioH  i?0< 

CioH  nOs 
CioH  160s 

CioH  uOs 

C,«H„N 
C  II  NO 
CioH  i;NOj 
(  II  N(  >,S 

CioH  isO 

CioHI80 

CioH  10O 
C 1  oH  1  gO 

(  I  I  1  80 
C,oH,80 
C10H18O2 
C10II18O3 

CioH  19NO 
C10H10O 

(  H6C1,0 

CnHjBrNjOj 

C11H7N 

c„hso2 

CnHgO, 

C,,H,BrIN 

C,,H»IjN 

C„H,N 

C„H,N 

Cl  1  II  y N O2 

CiiH.NO, 

C|  Hi  10 
CuHio 

CnHioTN 
Ci  ill  10N  :Oj 
CnHioO 

C  n  H 1  oO  2 
C„Hio02 
C11H 10O2 

CnHioOi 

C 1 1 II  1  uO  4 

CiiHnClNj 

CnHuNO 

C„H„NO, 

C„H„NO, 

C„H„NO, 

CnHuNO, 

CuHnNjO 

CuHuNjO 


_ Name,  solvents  and  literature 

Ultra-violet  and  Visible.  Continiu  i 

Citral  (66,+  67J);  EtOH  (533,  539);  Vap. 

(539);  cf.  p.  .360 
Dihvdrocarvone  (12°) 

Fenchone  (294);  Vap.  (532) 

Pulegone  (12°);  EtOH,  Vap.  (533) 
Bueeoeamphor  (447) 

Camphoric  acid:  EtOH  (261t);  Na  salt:  II  C ) 

(578) 

Diethyl  acetylsuccinate:  EtOH  (+alk.)  ( 2 3  + , 
Diethvl  ethoxyfumarate: EtOH  (23,^- 237 );a]k. 
(23t) 

Diethyl  dimethyloxalacetate:  FitOH  (237  , 
Camphorimide:  EtOH  (532) 

Camphoroxime:  EtOH  (3H  52S) 
Nitrocamphane:  EtOH  (  +  NaOH )  (412) 
Camphor-/3-sulfonamide:  EtOH  (413) 
d(l)-Bomeol:  EtOH  (22S) 

Cineol:  EtOH  (225) 

Citronellal:  EtOH  (533) 

/-Linalool:  EtOH  (533t) 

GeranioR  EtOH  (533f) 

Menthone  (294);  EtOH  (533) 

Acetylmethyl  hexyl  ketone  (176>  294) 

Ethyl  diethylacetoacetate  (68, j  255(1;  EtOH 
(204,+  220,  226,  609);  H20  (2°4{);  C.f.  ]>.  360 
Menthone  oxime:  EtOH  (533) 

Menthol:  EtOH  (533) 
Cvclopentadienechloranil  (41 1) 
p-Bromophenylacetvloximidoxazolone :  Et  ,0 
(243) 

a(0)-Naphthonitrile:  v.  p.  360 
a(d)-Naphthoic  acid:  v.  p.  360 
0-2-Naphthol-3-carbonic  acid,  Na  salt:  EtOH 

(385  ) 

Iodophenylpyridinium  bromide:  EtOH  (338) 
Iodophenylpyridinium  iodide:  EtOH  (338) 
Phenylpvridine,  salts  and  derivatives  (338) 
4-Phenylpvridine:  Vap.  (520) 

Diketo-o(w,  p)-tolvlpyrroIine:  EtOH  (512  ft 
Quininic  acid:  v.  p.  360 
a-Methylnaphthalene  (432J);  cf.  p.  360 
d-Methvlnaphthalene  (432+);  hexane,  Vap. 
(3721);  cf.  p.  360 

Phenylpyridinium  iodide:  CHCl,  (338, 
Anisalhydantoin,  derivatives:  EtOH  i93 
I  a(/J)-Naphthyl  methyl  ether:  EtOH  3so 
2,  3-Dimethylchromone:  EtOH  ( -J-alk. (  (292  + 
Ethyl  phenylpropiolate  (423) 

Methyloxindone  (230);  Na,  Rb  salts:  EtOH 
(23°) 

Cinnamylideneacetic  acid  (423) 

Ethyl  couraaranonecarboxylate  and  Na  salt: 
EtOH  (456) 

1,  o-Tolyl-3(5)-methyl-5(3)-chloropyrazole 

(554) 

8-Ethoxyquinoline:  EtOH  (4-IICI  158 
/3-Indolepropionic  acid  (®48) 
w-Aminoethylpiperonylcarboxvlic  anhvdride: 
EtOH  (i4°,  287) 

Kctohydrastininc:  EtOH  (14°.  287 
Ethyl  o(m ,  pl-nitrocinnamatc:  EtOH  (43 
l-Phenyl-2,  3-dimethyl-5-pyrazolone  (554 
1,  o-Tolyl-3(5t-methyI-5(3)-pyrazolone  i554,» 


Formula 
CuH  i,N  ,0 
CuHnNNO, 

C  u  H 1 2  N  ,Of 
C„H  ,,Oi 
CuHnO. 
C„H  12O1 

CuH  12O, 
CuHnOj 
Ci  1 1 1  l'jO, 


CuHijO, 

CuHnO, 

Ci  i  H :  ,Br,N  3O 

C„H„N 
CuH  i,N 
C 1 1 H 1 ,  N  O , 
CnH  uNO, 

CuHnNOi 
CuH  uNjOi 

C,,HMBrN,02 


CnIInBr-,0, 

CnHuCINO 

C,,HuClN,0 

CuHmCDO, 

CuHmNPO 

CnHuO 

CuHmO 

CnHuO. 
C„H  14O3 

CnHuO, 

CuH  isBrO, 

CuHnBrO, 

C  11  N 
CnHuNO 

CnH  uN,02 

CuH BrNO, 

CuH  i«Br20 
CnHuNj 

C„H„0 
CnHuO, 
CuH  i«0, 

CnHi.O, 

CuH  nO, 

CnHnBrO 

C„H„NO 


|  Name,  solvents  and  literature 

1,  p-Toly  1-3-met hyl-5-py razolono  554 
Tryptophane:  EtOH  (648,+  649,;  cf  p 

2,  4,  6-Trinitrophenylpiperidine:  EtOH  477 
a,  d-Dimethylcinnamic  acid:  EtOII  393 
Ethyl  cinnaniate  (37J);  EtOH  3  5 
Anisalacetone:  EtOH,  II, SO,  (13 

Ethyl  o(m  l-coumarate:  EtOH  +  NaOEt  385 
(3-Ethoxycinnamic  acid:  EtOH  i383 
Ethyl  benzoylacetate:  EtOH  23  ;  (4-NaOEt 
(23,385);  A1  salts:  EtOH  (  +  NaOEt  (23  ; 
Na  salt:  EtOH  (383) 

Diacetyldimethvlpyrone;  EtOH  (4-NaOEt) 
(21) 

Diethyl  chelidonate  (21 
Dibromo-4-hydroxy-2-methyl-5-isopropyl- 
benzeneazoformamide:  EtOH  (+NaOH 
(293) 

Dimethyldihydroisoquinoline:  EtOH  63 1 
Corydaldine:  H,0  (140i  287  1 
Hydrohydrastinine:  Et,0  1  4 s ) ;  hexane  i606+, 
Hydrastinine:  hexane  (606Ji;  EtOH  (*40, 
287,  606+  |  ;  H20,  Et,0  (145,  606+; 

Ethyl  o-carbamylphenoxyacetate:  EtOH  (4S6. 
2,  4-Dinitrophenylpiperidine:  EtOH  (477 

3- Bromo-4-hydroxy-2-methyl-5-isopropyI- 
benzeneazoformamide:  EtOH  (TNaOIl 

(293) 

Cyclohexanespiro-4,  4-dibromocvclohexan-3, 
5-dione:  EtOH  (199) 

Hydrastinine  hydrochloride:  11,0  (145 

4- Aminoantipyrine  hydrochloride:  EtOH  (478  , 
Cyclohexanespiro-4,  4-dichlorocydohexan-3, 

5-dione:  EtOH  (l 9 9) 

Cytisine:  v.  p.  360 
Formylcamphor  anhydride  <416 
ar-Tetrahydro-a(d)-naphthyl  methvl  ether: 
EtOH  (360) 

Methylisoeugenol  (150t) 

|  Ethyl  o-hydrocoumarate  and  Na  salt:  EtOH 
(  +  NaOEt)  (383) 

Diethvl  xanthochelidonate:  H-O,  EtOH,  CHCb 
(21) 

!  Cyclohexanespiro-4-bromocvclohexan-3, 
5-dione:  EtOH  (i" 

Bromoformylcamphor  416 
4-Phenylpiperidine:  EtOH  -(-acid ) .  Vap.  (520 
1  p-Toluidineacetaldehyde  condensation  com- 
|  pounds  (507) 

4-Hydoxy-2-methvl-5-isopropylbenzeneazo- 
I  fonnamide:  EtOH  4-  NaOH  293 
Bromocnmphorcarboxylic  amide  41  4  ; 
a,  {j-Dibromomet  hylcatnphor :  EtOH  1  4 1 2  , 
Diethyl  ketone  phenylhydrazone :  EtOH  4- 
AcOH  (40) 

Methylenecamphor  (416 
Formylcamphor:  EtOH,  NaOEt  416 
Hydroxymethylenecamphor  560  EtOH 
(4-alk.)  (2  3,t  416, 

Cyelohexanespirocyclohevan-3,  5-dione: 

EtOH  (4- NaOEt)  (>" 

Camphorcartxixylic  aciil  and  Na  salt  (4  14 
a(d,  au-Bromomethylcamphor:  EtOH  (412 
I  Aminomethvlenecainphor:  EtOH  (4-HC1) 
(416) 
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Name,  solvents  and  literature 

Formula 

Name,  solvents  and  literature 

Ultra-violet  and  Visible. — (Continued) 

CpiHloN  4O2 

/i-Nit roazoaminobenzene,  Na  salt:  EtOH  (244 

C,|H  i;NO< 

Isonitrosocamphor-O-methyl  ether:  EtOH  (31/ 

CrdlnNNO, 

3,  3'(5)-Dinitrobenzidine:  EtOH,  HC1,  NaOH 

C'uHirNO; 

Camphorcarboxylic  amide  (414i 

(90) 

C  ILNO 

a(d )-Camphorquinoncsemiearbazone  (368 j 

C12H10O 

Diphenyl  ether:  EtOH  (iei f) ;  CHCL  (53'0; 

C,  II  X  O 

Ethyl  2,  3,  5-trimethyl-l-ureido-4-pyrrole- 

Vap.  (161,  f  521) 

carboxylate  (362) 

C 12  H 1  oO 

o-Hydroxydi phenyl:  EtOH  (-(-NaOEt)  (385 

C  h  H  i  »0 

Methylcamphor:  EtOH  (412) 

Cr-H.oOS 

Diphenyl  sulfoxide:  EtOH  (i®9) 

CllIIl9NO,S 

a-Mcthylcamphorsulfonamide:  EtOH  (413J 

Ci-jHioO-. 

Cinnamylideneacrylic  acid:  EtOH  (  +  Na()Et 

CnHlsN:iO 

Fenehone  semicarbazone  (245) 

(35) 

CnH  joO< 

Diethyl  diethylmalonate:  EtOH  (82,198); 

CI2Hio02 

Diphenol:  EtOII  (409) 

(  +  NaOEt)  (82) 

(  12H10O2S 

Diphenyl  sulfone:  EtOH  C89) 

Ci,H„0 

Methyl  nonyl  ketone  (176,  294,  545 j);  EtOH 

c,,h10o2s2 

Diphenyl  disulfoxide:  EtOH  ( 1 8 9 j 

(609) 

CloH  10O3 

Acetyloxindone,  Ca,  Cs,  Li  salts:  EtOH  (230 

cr.Hr.Br4N-.02 

a(d)-  I’etrabroino-p-azophenol:  EtOH  (549l 

C12II10O4 

Cinnamylidenemalonic  acid:  EtOII  (3  5,  6 1 4  > ; 

(',11  N.O 

Hexanitrohydrazobenzene:  MeOII,  CHCI3, 

H  .0,  HC1,  NaOEt  (35) 

HC1,  NaOEt  t248) 

C 1 2H 1  oO  4 

Ethyl  oxindonecarboxylate,  Ag,  f  Ba,f  Ca, 

Ci,Ho02 

Diphenoquinone:  EtOH  (409) 

Cs,  K,  Li,  Na,f  Rb,t  Sr, f  Tlj  salts:  EtOH 

Ci2Hfi02 

Aeenaphthenequinone:  EtOH  (36) 

(230) 

Cl2H7N03 

Resorufin:  EtOH  (482J) 

C 1  _>H  10O4S2 

Diphenyl  disulfone:  EtOH  (X89) 

Acenaphthylene:  EtOH  (42) 

C  1  J II 1  oO  4 

Piperic  acid:  EtOH  (136) 

CI2HsBr2N20 

Benzeneazo-2,  6-dibromophenol  (2  50) 

C12H  niO-i 

Quinhvdrone:  EtOH  (288,  405);  Vap.  (288 

c,2hsn2 

Phenazine:  EtOH  (234) 

0 1 2  H 1  oS 

Diphenyl  sulfide  (*89  ;  EtOH,  Vap.  (i6i  > 

c12hsn2o2 

Benzoquinoneazine  (44) 

C,,H  ioS-> 

Diphenyl  disulfide:  EtOH  (iei,  18  9) 

C,2HsN4O0 

Phenylpieramide:  EtOH  (218,  248); 

Ci.HnN 

Diphenylamine :  EtOH  (13,410,537);  Vap. 

(+NaOEt)  (2  48) 

(52i);  cf.  p.  360 

C,oH80 

Diphenylene  oxide:  EtOH  (138) 

c12h„no4 

6,  7-Dimethoxyisoquinoline-l-carboxylic  acid 

CrJIsOS-, 

Thianthrene  sulfoxide:  EtOH  (189) 

(137) 

Cioll  8^2 

Thianthrene:  EtOH  (189) 

C  i  2H 1  iN  3 

/j-Aminoazobenzene:  EtOH  (29,  183,  486,-j- 

C,2H9Br 

4-Bromoacenaphthene :  EtOH  (518) 

521,  634);  acid  (29,  319);  Vap.  (521) 

C,2H9C1 

4-Chloroacenaphthene:  EtOH  (518) 

C12H11N  3 

Diazoaminobenzene:  EtOH  (247,521);  Vap. 

c,2h9cin4 

Benzeneazobenzenediazonium  chloride:  EtOH 

(521) 

(319) 

Ci2HnN30 

7;-Aminobenzeneazophenol:  EtOH,  HC1  (318 

Ci2H9C12NS 

2,  5-Dichlorobenzenesulfuranilide:  CHC13 

c12h„n3o4s 

Diphenylamine- p-  diazonium  sulfate:  H20, 

(17  4.2  J) 

acid  (2  47) 

c12h9i 

4-Iodoacenaphthene:  EtOH  (518) 

c12h12 

Dimethvlnaphthalene:  hexane,  Vap.  (3  72 j,; 

Ci2H9IN2 

Iodoazobenzene:  EtOH,  HC1  (319) 

cf.  p.  360 

Ci2H9N 

Carbazole:  v.  p.  360 

C12H12C1,Oc 

Diethyl  ;>-dichlorodihydroxyterephthalate: 

C12H9N  303 

o(m,  p)-Nitrobenzeneazophenol :  EtOH 

MeOH,  CiHuOH,  CHCL  (224.  236);  EtOH, 

(  + NaOEt)  (44) 

EtjO  236) 

c12h9n3o3 

p-Nitrobenzeneazophenol:  EtOH  (44,  496, 

c12h12n2 

Benzidine:  EtOH  (9°,  52i);  Vap.  (52i) 

592);  K  salt:  EtOH  (592);  Na  salt-  (496); 

C  12H12N2 

Hydrazobenzene:  CHCL  (S37) 

EtOH  (592) 

C12H12N203 

Luminal:  v.  p.  360 

012H9N  304 

p-Dinitrodiphenylamine,  Na  salt:  EtOH  (244 

c12h12o 

Cinnamylideneacetone: EtOH  (  +  NaOEt)  (3S 

c,2h9n3o4 

Phenyl-2,  4-dinitroaniline:  EtOH  (218) 

c12h12o3 

6(7,  8)-Methoxy-2,  3-dimethvlchromone: 

C12H9Ns04 

m,  p-Dinitrodiazoaminobenzene  and  deriva- 

EtOH  (+alk.)  (2 92 j) 

tives:  EtOH  (593) 

c,2h,3cin2 

1,  o-Tolyl-3,  4-dimethyl-5-chloropyrazole  (554 

CI2H9N504 

p'-Dinitrodiazoaminobenzene,  Na  salt: 

c12h13n 

a(/3)-Dimethylnaphthylamine:  v.  p.  360 

EtOH  (2  44) 

C12H  hBi'^Og 

Diethyl  dihydroxyterephthalate  dibromide: 

c12h,„ 

Diphenyl  (37>J  42);  EtOH  (4 3 1  ;  Vap.  (S2i): 

EtOH  (235) 

cf.  p.  360 

C12H,4C1206 

Diethyl  /S-dichlorosuccinylsuccinate:  EtOH 

Ci2H  10 

Acenaphthene  (42);  Et-OH,  Vap.  (51S) 

(235) 

C12H  toN  > 

Azobenzene  (196, j  229);  EtOH  (29,40,83.3, 

c12h14n2o 

1,  o-Tolyl-3,  4-dimethvl-5-pyrazolone  (55  4 

117,  213,+  216,  247,  422, J  4 8 6 , -j-  521,  537); 

C12H1404 

Apiole:  EtOH  (i») 

acid  (29,  83.3,  216,  633);  CHClj  (216,  537); 

C 1 2H 14O  4 

Isoapiole:  EtOH  (i*9) 

MeOH  (2 1 6 ) ;  ligroin  (83-3);  Vap.  (521);  cf. 

C 1 2H 1 4O4 

Diethyl  phthalate:  Et20  (577) 

p.  360 

C 1 2H 1 406 

Diethyl  dihydroxyterephthalate:  EtOH  ( 2 3 s  ; 

C12H 10N  .0 

Azoxybenzene:  EtOH  (521,  526, •)•  434j);  Vap. 

MeOH,  CHCL  I238) 

(521) 

C12HuINO(?) 

.Anisylpyridinium  iodide:  CHC13  (338 

C12H,oN20 

Benzeneazophenol  (196t);  EtOH  (183,  250, 

c12hI5no 

Benzoylpiperidine:  EtOH,  Vap.  (52°) 

550,592,633);  H.SO4  (216);  HC1,  NaOEt 

c12h16no3 

Hvdrocotamine  (l 4 4 -j-) ;  HC1  (223);  hexane 

(633  q  K  salt  (592);  Li  sait.:  Et>0  (250);  R)) 

(603,+  605J);  var  solvents  (606  + 

salt :  EtOH,  CsH3N  (280) 

C,2H,sN04 

Cotarnine:  EtOH  (144, f  264,  606  j);  H-.0. 

G 12H.  iuN  2O2 

Azophenol:  EtOH  (219,  549,  634);  Et,0  (219); 

Et,0.  hexane  (i44,f  606j);  CHCL,  NaOH 

(+ NaOEt)  (634) 

(1  4  4  f) 
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Ultra-violet  and  Visible.  Continued) 

Diethyl  tetrabromosueeinylsuccinate:  EtOl  I 

(235, 


(• 

uH 

a, Cl  NO 

C 

uH 

K, Cl  NO 

c 

uH 

,-,INO( 

< • 

.,H 

K,0 

( 

i*H 

icOs 

c 

uH 

17NO2 

C 

i*H 

nNO, 

C 

i*H 

18 

C 

uH 

nN2 

C 

II 

1  sN  2O4 

C 

,*H 

1  «0  2 

c 

,,H 

lsOj 

C 

„H 

i»Oj 

c 

i*H 

is06 

C 

i*H 

20OS2 

C 

all 

20OS, 

c 

..H 

20O2 

C 

i*H 

20O5 

C 

i  ll 

22 

C 

ell 

22O11 

C 

uH 

22O  1 1 

C 

all 

240  2 

C 

i*H 

(  ) 

C 

aH 

«IN 

c 

uH 

sN'.O, 

C 

uH 

80 

c 

uH 

sC1N2 

c 

i*H 

,  X  0 

c 

uH 

aNO'i 

CuH 

10 

c 

uH 

N 

c 

II 

10N2O2 

c 

uH 

N  ( ) 

c 

II 

10N  |( )« 

c 

L  II 

10N  4Ofi 

c 

,,H 

.oO 

(ll  OS* 

(  II  I  ) 

Cull  ioOjS 
CijH  10O3 
CuH  iuOo 
Cull  1 1  'S  j 
Cl3Il  CIN  O.S 

C»H„CIN.04 

CuHnINj 

ChH„N 
CuH  1 1  NO 
CiiHuNO 

CuHuNjO* 


ti.  7-Dimethoxy-3,  4-dihydroisoquinoIine 
methochloride:  IUO  (631 
Cotarnine  hydrochloride:  EtOH  144>t  223  ; 

H  O  ,223,  606  +  •  CHC1  .  HC1  223 
Cotarnine  hydroiodide:  EtOH  (223) 

Methyl  duryl  ketone  (176j 
Diethyl  succinylsuccinate:  Et=0,  AcOH  + 
H,S04)  MeOH,  EtOH  (235) 

G,  7-Dimet  hoxy-2-methy  Itetrahyd  roisoquino- 
line:  CHC1,,  Et,0  (631) 

Diet hvl  2, 5-dimethyl-3,4-pyrroledicarboxylate 
(362) 

Hextiniethylbenzene:  EtOH  (386,  403,  524 o 
Diethyl  ketone  phenylmethvlhydrazone:  EtOH 

4  0 

a-Glucose  phenylhydrazone  (4S) 
Acetylcamphor:  EtOH  (+NaOEt)  (416i 
Camphorylacetic  acid  (559) 

Methyl  camphocarboxylate:  X'aOEt  (414 
Diethyl  diacetvlsuccinate:  EtOH  (+:dk.)  (2  3  +  1 
Methyl  bomylxanthate:  EtOH  (97) 

Methyl  fenchylxanthate  (97) 
Tetraethyldiketocyclobutane:  hexane  (370,J 
371t) 

Diethyl  diethvloxalacetate:  EtOH  (237) 
Dirnethyldecadiene  (560) 

Cane  sugar  (265if  532>  594) 

Lactose:  H-O  (532) 

Laurie  acid:  EtOH  (252) 
d(Z)-Laurinol:  EtOH  (225) 
Tetrapropvlammonium  iodide:  CHCL,  EtOH 

(242) 

Dinitrofluorene:  EtOH  (43) 

Fluoreneketone:  EtOH  (615) 
2-Fluorenediazonium  chloride:  II  .0,  acid  (247) 
Fluorenone  oxime:  EtOH  (  +  NaOEt)  (400) 
Nitrofluorene:  EtOH  (43) 

Fluorene  (4Z  |;  EtOH,  ligroin  (71);  cf.  p.  360 
Diphenyldiazomethane:  v.  p.  3(i0 
Benzylidene-m(p)-nitroaniline:  EtOH  (43 
o(m,  //l-Nitrobenzylideneaniline:  EtOH  (43 
odfL-Methylphenylpicraniide:  EtOH  (217 
o,  7>-Tolylpicramide:  EtOH,  X'aOEt  (248 
Benzophenone  (37.  4io,  571,  +  572+);  EtOH 
(5.5,  71,  201,  253,  406,  537,  540,  615);  CHC1., 
+  ZnCL  (406);  Vap.  (54°);  cf.  p.  3(50 
Diphenyl  dithiocarbonate:  EtOH  (536) 

Phenyl  benzoate:  EtOH  (384) 

Phenyl  thiocarbonate  (536) 

Phenyl  carbonate:  EtOH  (536) 

Phenyl  salicylate:  EtOH  '384,  386) 

Phenyl  trithiocarbonate:  EtOH  (536) 
4-Chloro-2-nitrophenylsulfurmethylanilide: 
CHClj  (174-2D 

Phenazonium  methylperchlorate:  EtOH  (234 
Phenazonium  methiodide:  EtOH  (234) 
Benzylideneaniline  (337);  EtOH  (43) 
Benzanilide:  EtOH  (119) 

Ben zophenoneoxime :  EtOH  (119>  40°); 

(  + NaOEt)  (4<>o) 

o(m  )-Nitrobenzaldehyde  phenylhydrazone 
I  EtOH  (4<>) 


Formula 

Name,  solvents  and  literature 

CnHuN.Oj 

//-Nit rohenzuldehyde  phenylhydrazone  Et( )H 

1  (314 

C13H  11 N3O2 

Benzaldehyde  //-n it ropheny Ihydrazone:  EtOH 
(  +  NaOH)  (3>4) 

Ci. ill  1 1X3O4 

o-Tolyl-2,  4-dinitroaniline  (21  7);  EtOH,  CHCL 
l218) 

C  13  II  I  lN.l04 

w-Tolyl-2,  4-dinitroaniline:  EtOH,  CHCL 
(218) 

CuH  nNa04 

//-Tolvl-2,  4-dinitroaniline:  EtOH  (218) 

CuH  11N3O4 

2,  4-Dinitrobenzylaniline:  EtOH  477 

CuH„NS 

Thiobenzanilide  (445 

C  u  H 1 2 

Diphenylmethane  (37J);  EtOH  (,  3.  443»t 
483.3,  537);  Vap.  (521);  cf.  p.  3(50 

CuIIuIN 

Benzylideneaniline  hydroiodide  (337  ;  EtOH 
(43) 

Cull  ,2X3 

Benzaldehyde  phenylhydrazone:  EtOH  (40. 
829  i;  (  +  AcOH )  620 

CuH  uNjO 

Benzeneazoanisole  196  + 

CuHuN.0 

Benzeneazo-m(//i-cresol:  EtOH,  1 1 Cl,  NaOEt 
(633) 

CuH12N20 

s-Benzoylphenvlhydrazine:  EtOH  i457. 

CuHuNiO 

Benzeneazophenyl  methyl  ether  0  96  + 

ChHuNjO 

1,  l'(2)-Diphenylurea :  EtOH  (522 

CuH,,N-.02 

//-Met  hoxvbenzeneazophcnol :  EtOH  (634 

C13H12N2S 

•s'-Diphenylthiocarbamide:  EtOH  (522 

CuHuN2S 

Benzeneazothioanisole  (i 60 

C13H12O 

Phenyl  benzyl  ether:  CHCL  (537);  Vap. 

(521,  537) 

CijH,jO 

Diphenvlearbinol:  EtOH  (483.3) 

CuH  12O3 

Ethyl  d-2-naphthol-3-carbonate:  EtOH  (38S 

CuH  1  2O5 

Ethvl  coumaranonecarboxvlate  acetate:  EtOH 

(456 

CuIIuN 

Benzylaniline  (537) 

CuHuNj 

o-Toluidineazobenzene:  EtOH,  HC1  (233, 

C13H  13X3O3S 

o-Toluidineazobenzenesulfonic  acid:  EtOH 
(2  3  3  f) 

CuH  uN  3O10 

Ethyl  trinitrophenylmalonate:  CHCL  (249); 
H2O  (244) 

CuHuNiOj 

Cyanohydrocotarnine  1 1 44) 

CuHuN208 

Ethyl  dinitrophenylmalonate  (249);  k  salt,: 
EtOII  (244,  249)  ' 

CuH  10O3 

Ethyl  /3-ethoxycinnamate:  EtOII  (385 

CuH  ,;NOi 

Ethyl  3-hydroxy-l,  1-dimethylcyclohexenyli- 
dene-5-cyanoaeetate:  EtOH,  NaOEt  ( 1 1 2 

CuH  UN3O4 

3,  5-Dinitro-4(6)-piperidino-o-x  vlene :  EtOH 
(477) 

CuHuO* 

Camphorylideneacetone  (5  59) 

C13H  IHO3 

Acetoxymethylenecainphor  (416, 

C1.H1.NO4 

Diethyl  1, 2,  5-trimethyl-3,  4-pyrroledicarboxy- 
late  (362) 

CijH20N  2O4 

Glucose  phenylmethvlhydrazone  (45) 

CuH  20O 

Ionone  (176,  410) 

C13H20O2 

Ethoxymethvlenecamphor  (4i 6 

C13H20O2 

Propionylcamphor:  EtOH  (-(-NaOEt  1 4 1 6  , 

CiiH.oOj 

Methyl  methylcamphorcarboxylate  414 

C11H20O1 

Ethyl  camphorcarboxylate :  X'aOEt  (414) 

Cu  H  22 

Dimethylundecntriene  (560 

C1JH22O3 

Menthyl  pyruvate:  GIL,  ' 5 59 

CuHgOi 

Anthniquinone  (36,  432,+  464);  EtOH  (409/; 
Vap. (531 / 

CuH.O, 

Phenanthraquinone  (36)  406,  432J) 

C,«H.O, 

9-Ketofluorene-4-carboxvlic  acid:  EtOH 

(616) 

CuH.NO, 

Phthalanil:  EtOH.  H.SO4  (50°) 

CiiHiNOj 

Nitroan throne:  EtOH,  CHC1  (2  46) 
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Name,  solvents  and  literature 

Formula 

Ultra-violet  and  Visible. — (Continued) 

C14H14N2 

CmIIio 

\nthracene  (42,  1 91  ;  EtOH  (21 3,f  261 , 

335,  f  426,  t  431,+  483.3);  (CH3)2CO,  CHCls, 
ligroin,  xylene,  isoBuOH,  Et20,  amid  ale.  (426) 

CuHhN, 

Cull  10 

Phenanthrene  (42,  i95j);  EtOH  (26i,43ij); 
hexane  (606j) 

C14H14N2C) 

CuH.o 

To  lane  (423);  EtOH  (619) 

CuH14N20 

CuH:oO 

Diphenylketene:  hexane  (370,  j  37i|) 

c14h14n._.o 

ChH  10O2 

Indonecyclomethylacetoethylene  (51 3) 

ChH  10O2 

Benzil  (36);  EtOH  (253,;  c/.  p.  36O 

CmHuNsO 

ChH  10O2S2 

Diphenyl  dithiooxalate:  EtOH  (536j) 

Ci4HI4N20 

CuIIioOs 

o-Benzoylbenzoic  acid:  EtOH  (253);  j^a  salt: 

NaOH  (2  5  3) 

CmH14N20 

C14H 10O3 

Oxyphenylphthalide,  and  neutral  alkali  salts 

(462,  463) 

C14H 14N  20 

CnH  ioOi 

Diphenyl  oxalate:  EtOH  (536) 

0 

X 

c 

a  nti  (A.f/u)- Benziloxime :  EtOH  (217);  Na  salts: 

c14h14n2o3 

EtOH  +  NaOH  (217) 

Ci4H14N4 

0 

0 

p-Nitrostilbene:  EtOH  (315) 

c14hI4n4o2 

C14H 1 1NO3 

p-Nitro-p'-hydroxystilbene:  EtOH  (+NaOH) 

C14H 14N  404 

(315) 

Ci4H,40S 

CuHnO* 

2,  4-Dihydroxy-o-benzoylbenzoic  acid  (484.2) 

Ci  4H 14O2S 

C14II  12 

Dihydroanthracene  (42) 

c14h14o4 

C14H12 

Diphenylethylene:  hexane  (370,j37i+);  cj 

p.  360 

C14H 14S 

ChH.2 

Stilbene:  EtOH  (42,117,  247,  315,384,385, 

C 1 4H 15N 

393,  423,  619);  CHCL  (393);  cf.  p.  360 

C14H16N02 

ChHhIN 

Phenanthridine  methiodide  (62  9) 

c14h15n3 

ChH,,IN 

Acridine  methiodide:  EtOH,  NaOH  (629) 

C,«H,*N,0 

Phenylglyoxal  phenylhydrazone  (4  5) 

Ci4H„N*0* 

p-Acetylbenzeneazophenol :  EtOH  (+NaOH) 

(316) 

c14h15n3o 

Ci  4H ,  2N  2O2 

Benzeneazophenyl  acetate  (i96t) 

C  1  4H  i:,N 3O3S 

ChHhN.O, 

Piperonal  phenylhydrazone:  EtOH  (+AcOH) 

(620) 

C14H 15 

C14H,2N204 

rff-w-Azophenolmandelic  acid:  EtOH,  NaOH 

(83.5) 

C14H,oC1N3 

C14H12N  4(^6 

Methyl-o(p)-tolvlpicramide:  EtOH  (2 1 8) 

CmHu.CI.Oo 

ChHhO 

Phenyl  benzyl  ketone:  EtOH,  Vap.  (537) 

CuH,20 

Desoxybenzoin :  CHC13  (392) 

C,4H,«N,0, 

C 1 4H 12O 

p-Hydroxystilbene:EtOH  (  +  NaOH)  (315,385) 

C14H 1202 

Benzoin:  v.  p.  360 

C14II16N4 

c14h12o3 

3-Acetyl-l-phenyl-4-methyl-l,  3-cyclobuta- 

diene-2-carboxylic  acid:  EtOH  (513) 

c14h16n4 

0 

p 

1,  2-Diketo-5-acetyl-3-phenyl-4-methyl-A3- 

cyclopentene,  and  Na  salt:  EtOH  (®13) 

C14H,cO 

C14H1203 

4-Keto-3-acetyl-5-benzylidene-2-methylhydro- 

furan  (513) 

C14H  isOg 

c,  4h„no* 

1,  2-Diketo-5-acetyl-3-phenyl-4-methyl-A3- 

c14h,9no4 

cyclopen teneoxime:  EtOH  (513) 

C14H2o02 

ChHhNS 

AT(jS)-Methvlthiobenzanilide  (445) 

C14H2o03 

ChH  isN  3O 

Acetvlaminoazobenzene:  EtOH  (634) 

C14H20O4 

CmHuNjO, 

Acetophenone  p-nitrophenylhydrazone :  EtOH 
+  NaOH  (314) 

CuHooOe 

C14H 13N302 

o(m,  p)-Nitrobenzaldehyde  phenylmethylhy¬ 
drazone:  EtOH  (40) 

c14h2,no4 

ChH  13N  3O3 

o{m,  p)-Nitrobenzeneazophenetole  (44  f) 

CuH..02 

c.4hI3n3o4 

3,  5-Dinitro-4(6)-anilino-o-xylene:  EtOH  (477) 

Ci4H220. 

c„h„n*o4 

Ethyl-m,  p-dinitroazoaminobenzene:  EtOH 

C14H240.3 

(593) 

C,3HsN20 

ChH  13  N  .sO  4 

w(p)-Nitrobenzeneazoethylamino-p-nitro- 

CuH9os 

benzene:  EtOH  (593) 

C  kH  10N  2O3 

Oi4H  u 

Dibenzyl  (37, j  42,  423) ;  EtOII  (H7,  384,  393, 

61 9);  cf.  p.  360 

ClsH,oO 

Name,  solvents  and  literature 

Acetophenone  phenylhydrazone:  EtOII  + 
AcOH  (40) 

Benzaldehyde  phenylmethvlhydrazone:  EtOH 

(40) 

Anisaldehyde  phenylhydrazone:  EtOII  + 
AcOH  (620) 

Benzeneazo-w(p)-cresetole:  EtOH,  HCI  (633 
Benzeneazophenetole  (196>J  250l);EtOH  (293. 
633);  HCI  (633) 

Benzoylcarbinol  phenylhydrazone  (45) 
p-Hydroxybenzaldehyde  phenylmethvlhy- 
drazone:  EtOH,  NaOEt  (634) 

Salicylaldehyde  phenylmethylhydrazone : 

EtOH,  NaOEt(634)  ‘ 

p-Tolueneazo-p-cresol:  EtOH,  HCI,  NaOEt 

(633) 

Azoxyanisole  (526,  548) 

Glyoxal  phenylosazone  (45) 
wi(p)-NitrobenzeneazodimethyIaniline  (44) 
m(o)-Dinitrotolidine  (477) 

Dibenzyl  sulfoxide:  EtOH  (189) 

Dibenzyl  sulfone:  EtOH  (189) 

Dimethyl  cinnamylidenemalonate:  H20,  EtOH 

(35) 

Dibenzyl  sulfide:  EtOH  (189>  536|) 
Dibenzylamine:  EtOH  (537) 
Diketo-p-cumylpyrroline:  EtOH  (512f) 
p-Dimethylaminoazobenzene :  EtOH  (29,216, 
228,229,634);  acid  (29,  216,  229,233);  a]k 
(229,  233) 

71-Dimethylaminobenzeneazophenol :  EtOH, 
HCI  (318) 

Dimeth\daminoazobenzenesulfonic  acid : 

H2S04  (229);  Na  salt:  H20  (229) 
Tetramethylnaphthalene  (324) 
Dimethylaminoazobenzene  hydrochloride  • 
EtOH  +  HCI  (216) 

Diethyl  p-dichlorodimethoxvterephthalate: 

,236) 

Phenvlazodimethyldihydroresorcinol :  EtOH 
(  +  C5H6N),  (+NaOEt)  (40i) 
p-Aminobenzeneazodimethylaniline:  EtOH  + 
HCI  (229) 

Dimethylaminobenzeneazoaniline:  EtOH  + 
HCI  (229) 

5-Acetvl-3-phenvl-4-methyl-A3-cyclopentene: 
C6H6  (513) 

Diethyl  dimethoxyterephthalate  (236) 

Diethyl  collidinedicarboxylate:  EtOH  (386 
Myrtenyl  crotonate  (560) 

Ethyl  camphorylideneacetate:  P  (559) 

Methyl  camphocarboxylate  acetate:  (414 
Diethvl  dimethylsuccinvlsuccinate:  EtOI. 

(2  3  5) 

Diethyl  dihydrocollidinedicarboxylate  (14): 
EtOH  38  6) 

Butyrylcamphor  (416) 

Myrtenyl  butyrate  (560) 

Menthyl  acetoacetate:  P  (559) 
Ketohydrindenophenazine  ( 5 1 6 1) 

Benzylidene  phthalide:  EtOH,  H2S04  (500) 
Benzeneazocarbonylcoumaranone:  EtOH 
(+NaOEt)  (457) 

Phenylbenzoylacetvlene:  EtOH  i619) 
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Formula 

Name,  solvents  and  literature 

Formula 

Ultra-violet  and  Visible. — (Continual 

CuHisIN, 

Cull  1 1NO1 

Isonitrosodibenzoylmethane:  EtOH,  NaOEt 

(400) 

C  ull  i.NjOj 

CuHuNsO 

Quinolineazophenol:  EtOH  (159 

CuHnN  3O 

5- Benzeneazo-8-hydroxy quinoline:  EtOH,  HC1 
(159) 

C  uH  igN  40, 

CuHuN2 

Phenanthridine  methocyanide:  Et.O,  CHC1, 

CuH  isOj 

(  629 

CuH  lsOj 

CuH  12N  2 

3,  5-Diphenylpyrazole  (554,) 

*  .  1 1  ;  N  .(  ).. 

Purfuramide:  EtOH  (273  +  ) 

CuHs,NO, 

c,*h,2n2o. 

Benzonehydrazocarbonvleoumaranone:  EtOH 

(  +  NaOH)  I492) 

CuH, 4 

Cull  i2N  4o 

5-p-Aminobenzeneazo-8-hydroxvquinoline: 

Cl,H2403 

EtOII  (159) 

CuH2sO, 

CuHi20 

Benzalacetophenone  (534,  61  9) 

C  ir,H  &O4 

c«h12o2 

a-Phenylcinnamic  acid:  EtOH  (384) 

CuH, NO, 

c,sh,,o2 

Phenyl  cinnamate  (384  i 

ClftH  10 

Ci&H  12O1S2 

Diphenyl  dithiomalonate:  EtOH  (536t) 

CieH  1 1XO2 

'  II  \  1  > 

p-Nitro-p'-methoxvstilbene:  EtOH  (315) 

C16H  11NO2 

CuH  13N  3O3 

p-Nitrobenzaldehyde  phenylhydrazone,  acetyl 

derivative:  EtOH  (314) 

C 1  r,  H 1 1 N  O  2 

CuHu 

a-Methylstilbene:  EtOH  (384>  393 

Ci4HuN20* 

p-Acetvlbenzeneazo-p-crosol :  Et  OH 

(  H  NO 

(  +  NaOH)  (316) 

CuH  11N3O3 

C  uHuN  202 

Benzeneazophenyl  propionate  A96) 

t  'nil  1,0 

Benzylacetophenone:  EtOH  619 

Cl6H  1  1N3O3S 

CuHuO 

Dibenzyl  ketone:  EtOH  (537) 

Ci&HuO 

Methoxystilbene:  EtOH  (315,  385) 

C16H11N3O4 

CuH  uN 302 

Nitroacetophenone  phenylmethvlhvdrazone: 
EtOH  (4«) 

CuH  uN  204 

4,  6-Dinitro-3-p-toluidino-o-xvlene:  EtOH 

(477) 

CuH], 

Ci., II 10N  3O4 

3,  .S-Dinitro-4-p-toluidino-o-xylene:  EtOII 

C  iJI  12^  2 

(477) 

Ck,H  12N  2O 

Ci  til,  &N  3O , 

3,  5-Dinitro-4-benzvlamino-o-xvlene :  EtOII 

(477) 

CuH,2N,0 

CiUi  uN  3O3 

3,  5-Dinitro-4-o(p)-anisidino-o-x vlcne:  EtOII 

477 

CigHi2!N  2O3 

Ci&I  1 15N  3O5 

3,  5-Dinitro-6-o(p)-anisidino-o-xylene:  EtOH 

(477) 

C,„H1202 

C ,il  I  ,6 

Phenyl-2,  4-xylylmethane :  EtOII  (537) 

CuH,203 

Cull  uN2 

Benzylidene-p-dimethyluminoanil  (337 ) 

Cull  uMi 

p-Dimethylaminobenzylideneanil  (3  37) 

CicH  uBrN2 

C  ii,I  I  uN  2O 

s-Dibenzylcarbamide:  EtOH  (522) 

CuHuCIN, 

CuH  uN  20 

Anisaldehyde  phenylmethylhydrazone :  EtOH 

CicH  13N 

(634) 

CuH  14 

Ci&H  k.X  2O 

o-Methoxybenzaldehyde  phenylmethylhydra- 

CuH  14 

zone:  EtOH  (634) 

CigH  14O2S2 

CuH  WN,0 

p-Tolueneazo-p-cresetole:  EtOH,  HC1  (633) 

CuH  u03 

C  ii  1 1  i«N  20 

Benzeneazophenyl  propyl  ether  (496t) 

CuHuN 

Cull  icN  4 

Pyruvaldehyde  osazone  (4S) 

CuHuNAO 

CuH  i*0« 

Piero toxinine:  EtOH  (264) 

CuH,, 

CuH  i;Br  N2 

p-D  i  m  e  t  h  y  1  a  m  i  11  0  benzylideneanil  hydro- 

Ci«H  is 

bromide  (338) 

CuHuN:0, 

CuH  17N3 

Dimethvl-o-toluidineuzobenzene:  EtOH,  IIC1 

CuH  is 

(233 

C  1§H  uN  2 

CuH  uN  3O 

/>- Met hoxybenzeneazodimethy lan dine:  EtOH, 

HC1  (229,  318) 

CiJIirN  jO 

CuH„N,0,S 

Dimethyl-o-toluidineazobenzenesulfonic  acid : 

CuH,sN202 

MeOH,  EtOH  +  HC1  (233) 

C  i«H  i«N  2O1 

CuH,, 

Azulene  (3®5) 

CuH„N4 

Benzeneazophenyltrimethylammonium  chlo- 

CuHuN, 

ride  (229) ;  HO.  1 1  (  ’  I  (233 

CuH  „N  403 

Name,  solvents  and  literature 

Benzeneazophenyltriinethylammonium  iodide 
(229,  31  9  ;  EtOII  (29,  216  ;  HjS04,  HC1  (29 
P  li  e  n  y  1  m  e  t  h  y  1  hydrazodimethyldihydrore- 
soreinol:  EtOH  i  401 

Ant ipyrine-4-azoethyl  methyl  ketone:  EtOII 
(  +  NaOEt)  (<78; 

Santonin :  EtOH  (448) 
Diethylbenzoylsuccinate(2 4  ; Et OH  -+- 

NaOH  R2  3) 

Ethyl  ethoxy- 1,  1-dimct  hyl-A1-cyclohe\en\  li- 
dene-5-cyanoacetate:  EtOH  (  * 12 
Caryophyllene:  EtOH  (225 
Diethyl  camphocarboxylate  (444) 

Menthyl  isopropylacetate  (S60) 

Diplithalyl:  AcOII  (500 
Cyanobenzalphthalid  (50° 
Diphenvldiacetylene:  EtOH  (619) 
Diphcnylmaleinimide:  EtOH  (389) 

1,  3-Diketo-2-beiizylidenehydrindamine: 

EtOH,  AcOH  516 

2,  3-Diketo-4,  5-diphenvlpvrroline:  EtOH 

(512) 

Berberidic  acid  (287);  H20  (14° 
o(m,  pi-Nitrobenzeneazo-a-naphthol :  EtOH, 
NaOEt  (44) 

Diphenylthiovioluric  acid:  (402  ;  I,i  salt: 
MeOH  (402) ;  K  salt:  Me,CO  (402t) 
Diphenvlviolurie  acid:  CHCR  228,  25i); 
Aik.  salt:  Me2CO,  CHC1,,  AcOH  (2si);  Cs 
salt:  Me,CO,  CHC13  (228 , ;  Li  sait:  Me2CO 
(228  ) 

Diphenylbutenine:  EtOH  ®19) 

2,  5(0 )-Diphenylpyiazinc  (635 
0-Naphthoquinone  phenylhydrazone:  EtOH, 
NaOEt  (634) 

Benzeneazo-a(d)-naphthol:  EtOH  (  +  NaOEt) 

(183,  634) 

p-T o  1  u en e a  z oformvloxvcoumarone:  EtOH 
(457) 

Diphenyldiketocyclobutane:  Et20  3  7°,+  371  +  1 
Ethvl  9-ketofluorene-4-earboxvlate:  EtOH 
616 

2,  5(6)-Diphenylpyrazine  hydrobromide  (®35 
2,  5(6)-Diphenylpvrazine  hydrochloride  (635) 
at(/9)-Phenylnaphthylamine:  r.  p.  360 
Distyrene,  solid  and  liquid:  EtOH  622  ) 
Diphenylbutadiene:  EtOH  (619  ;  cf.  p.  360 
Diphenyl  dithiosuccinate:  EtOH  536f) 

Ethyl  o-benzoylbenzoate:  EtOH  ( 2  s  3 ) 
Cinnamylidene-p-toluidine:  EtOH  632 
Phenyl  styryl  ketone  semicarbazone  (295 
p-Dimethylstilbene:  EtOH  (393 
a,  0-Dimethylstilbene:  EtOH  (393 1 
Benzeneazophenyl  hutyrute  1  96  J 
Diphenylbutane:  EtOH  393,  619 

Cuminal  phenvlhvdrazone:  EtOH  t  +-  Ac  OH 

,620 

Benzeneazophenyl  butyl  ether  A98}) 
Azophenetole:  EtOH  (-(-NaOEt)  (634) 
Azoxyphenetole:  EtOH  (526t) 

Diacetyl  phenylosazonc:  EtOH  (4S) 

Glyoxal  phenylmethylosazone  (4S) 

Antipyrine— t-azoacetylacctone:  EtOH 
(  + NaOEt)  (478t 
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Formula 

Name,  solvents  and  literature 

Formula 

Name,  solvents  and  literature 

Ultra-violet  and  Visible. — (Continued) 

C17H20N2O2 

p-Dimethylaminobenzvlideneanil  acetate  (33  7 

CwIIiaBrNiiO 

Camphorquinone  p-bromophenylhydrazone: 
EtOII,  NaOEt  (45) 

Ci7H20N  4O4 

Ethyl  antipyrine-4-azoaeetoacetate:  EtOH 
(+ NaOEt)  (4  78) 

C16H,9Br2N03S 

«-Brornocampho  r-/3-sulfon-p-bromoanilide : 

EtOII  +  NaOEt  (413) 

c17h2„o 

Benzylidenecamphor  (416,  534,  560);  EtOII 

(214,  415}) 

C  1 1 , 1 1  1  9  N  0  4 

Benzoylecgoninc:  v.  p.  360 

cI7h,„o2 

m-Hvdroxy  benzylidenecamphor:  EtOH  (2 1  4 

C  1  f,  I  I  1  9  N  3 

p-Azotoluenedimcthylaminc :  EtOII  (247) 

Ci7H2iN02 

Apoatropine  (i94|) 

Cir.HjoNiO 

a(/3)-Camphorquinone  phenylhvdrazone:  (368) ; 

C„H2,N04 

Hyoscine:  EtOH  (136) 

EtOII,  NaOEt  (45) 

c,7h21no4 

Cocaine  (i 94J);  EtOII  (95j,  136) 

Ci.HmO* 

Tetraullyldikctocyclobutane:  (371  J) ;  hexane 

(370t) ' 

Ci7H  ,|N302 

a(/?)-Camphorquinone  plietiylcarbamyl hydra- 
zone  (368) 

C  1 C  1 1 1  N  (  )  3 

Homoatropine:  v.  p.  360 

c„h22cino4 

Cocaine  hydrochloride:  EtOH  ( 9 5  J 1 ;  cf.  p.  360 

C10H2,NO3S 

Camphor-/3-sulfonanilide:  EtOII,  +NaOEt 

C17H22N  20 

Camphorquinone  phenylmethylhydrazone  (45) 

(413) 

C 1 7  H  22N6O4 

o-Nitrobenzenediazo-4-semicarbazinocam- 

C„H„ 

Dimethylphenyloctadiene  (5  6  0) 

phor  (i 57) 

C,c.H2,0 

Benzoyltetramethvlcyclopentane:  P  (559) 

C17H23N03 

Atropine  (i 94 1) ;  EtOII  (136) 

CicH  j4BrN  O2 

Bromocamphorcarboxylic  piperidide  (4i4) 

C17H23N03 

Hyoscyamine:  EtOH  (136) 

CwHmCIO, 

Amyl  chlorocamphorcarboxylate  (414) 

c,7h26no7s 

Hyoscyamine  bisulfate:  H20  (95}) 

c16h26no2 

Camphocarboxylic  piperidide  (414) 

C17H,g02 

Myrtenyl  hexahydrobenzoate  (560) 

C16H2603 

Amyl  camphocarboxylate:  NaOEt  (414) 

C,sHbC103 

l-Chloro-6-hydroxynaphthacencquinone: 

C16.H2604 

Menthyl  diaeetoacetate:  C0Hg  (559) 

EtOH,  NaOEt,  H2S04,  H3B03  (41) 

C,,H„0, 

Tetrapropyldiketocyclobutane:  hexane  (3  7  0+, 
371t) 

Ci8H9N04 

Diketohydrindylidenediketohvdrindamine: 
AcOH  (516);  NH4  salts  (5i6) 

c,6h34o 

Cetyl  alcohol  (438) 

c18h9n2o7 

l-Hydroxy-2,  6-dinit ronaplithacenequinone . 

C17H  nNO( 

‘2,  3-Diketo-4-phenyl-5-piperonyIpyrroline : 

EtOH,  NaOEt,  H2S04,  H3B03  (4i) 

EtOII  (512) 

Ci„Hin02 

Naphthacenequinone:  EtOH,  NaOEt,  H2S04, 

C,tH1,Ns04 

Benzeneazocarbonyl-2-acetylcoumaranone: 

H3B03  (41) 

EtOH  (,457) 

Ci8H  10O3 

aZZo-Chrysoketone-l-carboxylic  acid:  EtOH 

CitH,20, 

8-Phenylindoneacetic  acid:  EtOH  (6i6) 

(238,  616);  H2S04,  AcOH  (238) 

c,7h„o4 

Bis(furfurylidenemethyl)-pyrone:  EtOH  (76) 

CisH  10O3 

1-Hydroxynaphthacenequinone:  EtOH, 

C17H 130104 

Bis(furfurylidenemethyl)pyrone  hydrochlo- 

NaOEt,  H2S04,  HsB03  (4i) 

ride:  HC1,  EtOH  (76) 

C  i8H  10O4 

1,  6(7,  8,  9,  10)-Dihydroxynaphthacene- 

C  I7H  1  3.N  O, 

2,  3-Diketo-4-phenyl-5-o(m,  p)-tolylpyrroline : 

quinone:  EtOH,  NaOEt,  H2S04,  H3BOj  (4 1 ) 

C17H  uNOj 

EtOH  (512) 

CisH  1 0O5 

1,  2,  6-Trihydroxynaphthacenequinone:  EtOH, 

1,  3-Diketo-2-anisvlidenehydrindamine:  AcOH 

NaOEt,  H2S04,  H3B03  (4i) 

C17H  13NO3 

(516) 

ClsH,o07S 

1,  5-Dihydroxynaphthacenequinonesulfonic 

2,  3-Diketo-4-pheny  1-5-p-anisylpyrroline : 

acid:  EtOH,  NaOEt,  II2S04,  H3B03  (41) 

c17h13n3 

EtOH  (512) 

Ci8HhC13N2 

Dichlorophenylphenazonium  chloride:  EtOH 

2(3),  p-Tolyl-a,  (3-naphtho-(iso)triazole: 

(16) 

C17H 13N306S 

EtOH  (473) 

Ci8H„N02 

Quinophthalone:  EtOH  (489.5) 

Toluene- p-sulfonyl-1,  6-dinitro-/3-naphthyl- 
amine:  EtOH  (472) 

Ci8H  1 1NO3 

l-Amino-6-hydroxynaphthacenequinone: 
EtOH,  NaOEt,  H2S04,  H3B03  (<i) 

c„Hi4n2o 

a-Naphthoquinone  phenylmethylhydrazone : 
EtOH  (634) 

C,8H„N04 

1- Amino-6,  8(9)-dihydroxynaphthacenequin- 
one:  EtOH,  NaOEt,  II2S04,  H3B03  ( 4 1 ) 

C-17H  14N  204S 

Toluene- p-sulfonyl-l-nitro-/3-napthylamine: 

CisH  1  iN08S2 

Quinophthalonedisulfonic  acid,  Na  salt  (489.5 

C17H  h0 

EtOII  (472) 

C18H  12 

Chrysene  (42);  EtOH  (43 ij) 

Dibenzalacetone  (4io,  4H);EtOH,  H2S04  (13, 

C18H12N202 

Hvdroxyaposafranone:  NaOII,  IIC1  (16) 

C17HmO 

406);  AcOII  +  H2S04,  CHCIj  +  SnCl4  (406) 

c18hI2n4o 

Quinolineazo-8-hydroxyquinoline:  EtOH  (159) 

Cinnamylideneacetophenone:  EtOH  (614) 

Ci8H  i3N803 

p'-Nitro-p"-hydroxv-p-bisazobenzene'  EtOH 

C17H  14O4 

Ethyl  benzil-o-carboxylate:  EtOH  (253) 

(496);  Na  salt.:  (496) 

CniiieJN  2 

a-/;-Toluidino-y-phenylisocrotononitrile:  Et20 

Ci8Hi4C1N3 

Aminophenylphenazonium  chloride:  H20  (289) 

cI7h18n2o3 

(632) 

c,sh14n2o 

Benzcneazophenyl  phenyl  ether  (l 96  J) 

Ethyl  phenylhydrazinocoumaranonecarboxyl- 
ate:  EtOH  (4  5  7) 

C  isH  14N  202 

/>- Ace  t  y  lb en  z eneazo-a(/3)-naphthol :  EtOH 
(+NaOH)  (316) 

C17I I  17OI  N  2 

ot-p- 1  oluidino-y-phenylisocrotononitrile  hydro¬ 
chloride:  EtOH  (632) 

c18h14n2o2 

Acetyl-j8-naphthoquinone  phenylhydrazone: 

(634) 

C|7ii  i7n  o2 

Apomorphine  ( 1 9 5 J ) ;  EtOH  +  HC1  (264) 

CuH,4N202 

Benzeneazo-a(/S)-naphthvl  acetate:  EtOH 

Ci7H  igClNOj 

Apomorphine  hydrochloride:  EtOH  (264,  606  j) 

(634) 

C17H  |gW  O3 

Piperine:  EtOII  (136,  264);  Vap.  (520) 

CisH  14N2O4 

dZ-m-Azo-/3-naphtholmandeIic  acid:  EtOH, 

C 1 7  H 1 9  N  O  3 

Morphine:  (137,  i95j);  EtOII  (140,  264,  287, 

NaOH  (83.5) 

Ci7H,»N3Ot 

606  J);  it  Cl,  NaOH  (75) 

CuHuOs 

Methyl  7-phen vlindoneacetate :  EtOII  (616) 

Ethyl dimethylanilineazobenzoate:  EtOH  (229 

CisH  hO® 

Monoethyl  benzil-o-dicarboxvlate  (keto  and 

Ci7H20N  20 

4,  4'-l  etramethyldiaminobenzophenone: 

lactone  forms):  EtOH  (253) 

EtOH  (30,  201  f,  409);  HC1  (30) 

CisH  16  As 

Arsenic  triphenyl:  CIIC13  (537) 

I  LTRA-  VIOLET  ABSORPTION  SPECTRA  ORGANIC  SOLUTIONS 


853 


Formula  Name,  solvents  and  literature 


C.gH.^ClN, 
Cull  i.N 
C,*H  15O4P 
C  ,HuP 
CuHuNi 

CuH  nN  :0 
C  1 ,  II  „N  202 

CuH  i«N  202 

CisIIk.N  2O4S 

Cull  ie02 

CuH  u02 

CisH  16O4 
CuH  uO, 
CuHnBrNjOi 

C,.HitC1N,0. 

CuH17NO. 
Ci»H  is 
C18H20O3 
C18H21NO3 

( ’  .1!  Bi  N0« 
CuH22C1NOs 
C  i.H  22N  4O  4 

C18H22O 

Ci8H  22O2 

C|sH2202 

C,#H23N30 

ci8h2402 

CuHjsNiOj 

Ci8H26OS* 

C,8H2804 

Cl8H2s04 

C,8H3202 

C,8H32Os 

C 1  sH  34O  2 
C„H  ,0 
CuH  1 20  4 

CuH  i3BrN204 

C„HuN 

CitHuN 

CuHuNaO, 

CkHuNiOt 

CuHmCIX 
CuH  uN  20 
CuHuN.O, 
CuHmNjO, 

(  II  \  <  > 

CltH  14N  4O 2 

CuHuO 

CuHhOi 

C1IH1401 


Ultra-violet  and  Visible.  Continneil 

Phenosafranine  chloride:  IF.O,  HC1  (16) 
Triphenylamine  41°i;EtOII  13 
Triphenyl  phosphate:  EtOH,  p.  (242 
Triphenylphosphine:  EtOH,  Vap.  (242 
Diphenyl-p-phenylenediamine  4 1 0 ) 
Benzeneazo-a-naphthyl  ethvl  ether:  EtOH 
(634) 

1 ,  3-Diketo-2-/>-dimethvlaminobenzylidene- 
hydrindamine:  AcOH  (516) 

/>,  p'-Dimethoxy-2,  5(6)-diphenylpyrazine: 

CHCh  (63S) 

Toluene-  p-sulfonylmethyl-l-nitro-0-naphthvl- 
amine:  EtOH  (472) 

Dimethvldiphenyldiketocyclobutane:  hexane 
(370  371  J) 

Benzvlideneanisvlideneacetone:  EtOH,  H2S0, 

,13 

o-Truxillic  acid:  EtOH  (614,  617) 

0-Truxillie  acid:  EtOH  (617) 

/>,  ;/-Dimethoxy-2,  5(6 )-diphenylpyrazine  hy¬ 
drobromide:  CHCI3  (635) 
p,  //-Dimcthoxy-2,  5(6)-diphenvlpyrazine  hy¬ 
drochloride:  CHCI3  (635) 

Corydic  acid:  H20  O49,  287) 

Rctene:  (J  91 1) 

Piperonylidenecamphor  (21 4) 

Codeine  (449t>  195t>  264);  EtOH  (606$) 
o-Hydroxvcodeine  hydrobromide:  H20  (1  42t) 
Codeine  hydrochloride:  H20  (606J) 
Glucosazone  (45I 

m(p)-Tolylidenecamphor:  EtOH  (214) 
m-Methoxybenzylidenecamphor:  EtOH  (214 
Anisylidenecamphor:  EtOH  (214) 
Dipropylaminobenzeneazophenol:  CHC13  (2S0) 
Anisylcamphor:  EtOH  (214) 
p-Toluenediazo-i/'-semicarbazinocam phor  (4  57 
Benzyl  menthvlxanthogenate:  EtOH  (97 
Amyl  camphorcarboxylate  acetate  (414) 

Ethyl  camphorcarboxylate  valerate  (414) 
Stearolic  acid  (423) 

Menthvl  a,  a-diethylacetoacetate :  CcHf,  (559) 
Elaidic  acid  (423) 

Stearic  acid  (423) 

l-Hydroxy-5(8)-methoxynaphthacenequi- 
none:  EtOH,  NaOEt,  il2S04,  H,B03  (41) 
Bromodinitrotriphenylinethane:  EtOH  (244  : 
Na  salt:  EtOH  +  CJb.  (244l 
Flnorenoneanil:  CHClj  (543) 

Phenylacridinc:  CHCU,  EtOH  (223) 
Trinitrotriphenylmethane:  CIICI3  (244);  Na 
salt:  EtOH  +  C«H»  (244) 
p-Trinitrotriphenylcarbinol :  CHCh,  MeOH 
(239) 

Flnorenoneanil  hydrochloride:  CIICI3  (534 
Benzoylazobenzene:  EtOH  (457 
Benzeneazophenyl  benzoate  (196J) 
/>-Benzoquinone  benzoylphenvlhydrazone(633 
/)-Benzoylbenzeneazophenol  (633I;  EtOH 
(+NaOH)  (316) 

p-Nitrobenzylidencaminoazobenzene  496 
Fuchsone  (5-6,  228,  483.4,  579 
Benzaurin:  EtOH,  HC1  (483.4,  484.3 
Aurin:  KOH,  EtOH,  HC1  (483-4) 


Formula  Name,  solvents  and  literature 


CuH  14O5S 

C„H,»C1 

C„HuN 

CuH  uN 
CuH  uN 
C19H 15N  O, 

C,.H,»N0, 

CuH  15NO5S 
CuH  uN 3 
CuH, « 

CuH„,BrN 

CuHi.CIN: 

C,,H,eIN 

CuHuO 

CuH  isO 
C19H  1602 
C19H 16O4S 

CuHwNO* 

CuHnN, 

C„H, .IP 

C19H1SO3 

C19H19NO4 

CuHsiNOt 

CuHjjCINOj 

CuH  22N  20 

CuH22N20 

CuH„N,0 

CuH22N,02 
Cj,H12N202.2H20 
CuH22N  2O4 

c„h22o 

Ci,H2jC1NjO 

CuHmNiO, 

CuH  2.03 

Ci,H2802 

C20H,Br4Cl4O4 

C20H,Cl4l4O4 
C2oH,Br406 
C20H,1 4O5 

C2oHi0Br404 


CJ0H 1  nCl  20  3 
C-mHioCEO, 

CtoH  1  ol  4O  4 

C2oH  i2Oi 
C2oHi2Oj 


C:J!,< 

C2„H,4 


Phenolsulfonepht  halein  :  EtOH,  KOH  (3331 
Triphenylchloromethane:  EtOH  (13,  406, 

483.3)-  CHCls  +  SnCl4  ( 406  1 ;  Et.O  (S.5 
Diphenylmethylidenepheny limine  ( 337  , 
Dihydrophenylaeridine  146 
Benzophenoneanil :  CHCls  i543 
p-Nitrotriphenylmethane  and  Na  salt:  EtOH 

(244 

Phenyl  diphenvlcarbamate :  EtOH,  Yap.  (522 
Phenylacridonium  sulfate:  EtOH  223 
Benzylideneaminouzobenzene  49,; 
Triphenylmethane:  EtOH  (13,  443f,  483.3); 
Et20  (5-5) 

Diphenylmethylidenepheny  limine  hydrobro¬ 
mide  (337) 

Benzophenoneanil  hydrochloride:  CHCh  1543 
Diphenvlmethvlidenephenv  I  inline  h  vdm  iodide 

(337, 

Triphenylcarbinol  ( 4 1  9 • 2 > ;  II  SO,  13  :  l-it OH 
(13,  483.3);  EtjO  (5-5) 
p-Hydroxytriphenylmethane  ( 5-6 ) 
p-Hydroxytriphenylcarbinol  (5-6 ) 
Triphenylcarbonium  sulfate  (228>  496>  579 
2,  3-Diketo-4-phenyI-5-p-cumylpyrroline: 
EtOH  (612) 

Triphenylguanidine:  EtOH  (522 
Triphenylmethylphosphonium  iodide:  Fit  OH, 
CHCh,  HjO  (242 

Dianisylideneacetone:  EtOH,  II2S04  (13i 
4<>6);  CHCb  +  SnCl,  (4  66, 

Bulbocapnine  ( 1 4 0 ) ;  EtOH  (287) 

Thebaine:  EtOH  (264  > 

Thebaine  hydrochloride:  H20  (606t) 
Cinchonidine  (140t);  EtOH  (264) 
Cinchotoxine:  v.  p.  360 

Cinchonine  (z®4);  EtOII  (149,  143,  287); 

(  +  HC1)  (I43);  cf.  p.  360 
Cupreine  (140t);  EtOH  (135) 

Apoquinine:  v.  p.  360 
Quitenine:  v.  p.  360 
Cinnamylidene  camphor  (534) 

Cinchonine  hydrochloride;  v.  j>.  360 
Hydrocupreine:  v.  p.  360 
Menthyl  benzoylacetate:  C«H6  (559  , 

Menthvl  hvdrocinnamate  (560, 
Tctrabroinophenoltetrachloropht  halein : 

EtOH,  KOH  (333H 

Tetraiodophenoltetrachloropht halein  (333J ) 
Eosin:  IF.O  (439);  alk.  (467):  KtOIl  (482t) 
Erythrosin:  HjO  (439) 

Tetrabromophenolphthalein :  EtOH,  KOH 
(333t);  NaOH  f4®2,  467);  Neutral  alkali  salts 
( 4  6  2  ) 

Dichlorofluoran :  EtOH  (484.2) 
Tetrachlorophenolphthalein :  EtOH.  KOH 
(184,  333 J) 

Tetraiodophenolphthalein:  EtOH,  KOH 
( 3  3  3  j ) 

Fluoran:  EtOH,  H:SO,  (484-2) 

Fluorescein  (462);  HjO  (439,t  4S8);  EtOH, 
AcOH,  H  SO,.  HCI.  K<  >H  (  484.2  , :  Neutral 
alk.  salts  I462);  Na  salt:  11,0  ( 4 6 6 ) 
Benzvlidenefluorene:  EtOH  (392) 

0,  0- Dinaphthvl:  EtOH,  C.ll.  < 323) 


■°,54 


INTERNATIONAL  CRITICAL  TABLES 


Formula 


C20HuN2O 

C20HhO 

cmh,«o 

C»Hl4Ot 

C20H  u02 

C>0H  m02 
C>oH  1 4O2S 

c*«h14o, 

c20h14o3 

C2qH  14O4 


C2oH1404 
C2oH  1 4O  4 
C>0H  16 

c20h16cin 

C20Hi6IN 
C2oH  i6N20 

c20h16n2o2 

C2„H  igN202 

C20H  ieO 

C20H  ifiO 

C2oH  ifi02 

C20H  lgCle 

c20h17no 

C2oH  1/N3O 
C20Hi8C1NO4 

C2oHi8N  2 
C20H  uN  20 
C20Hi8N2O2 

C20Hi8N  207 
C20H  i8N  4 
C20H  uN  4O 

C2oH  is02 

c2„h18o6 

C20Hi8O6 

C2„H  1 9NO5 

C2„H2„C1N, 

C2oH20N204 

C2oH2o08 

C2oH21BrN204 

C20H2,CIN2O4 


Name,  solvents  and  literature 
Ultra-violet  and  Visible. — ( Continued ) 

a,  a-Azoxvnaphthalene,  ( two  forma):  EtOH 
(121) 

Benzoylfluorene:  EtOH  (392) 
Diphenylenephenvlvinyl  alcohol:  EtOH  (392) 
Phthalophenone:  EtOH,  H-SO4  (50°) 
Diphenylphthalide:  EtOH,  H2S04,  KOH 

(483.2) 

Terephthalophenone:  EtOH,  ligroin  (71) 
/3-Naphthol  sulfides:  EtOH  (4*5) 

Etlivl  aZZo-chrvsoketone-  1-carboxylate :  EtOH 

(6 1  6) 

Hydroxvdiphenylphthalide:  EtOH,  H2S04 
(462,  463);  Neutral  alk.  salts  (462,  463) 
Phenolphthalein  (462);  EtOH,  KOH  (333J); 
H2S04  (463,465);  CHCls  +  SnCL  (463); 

H20,  Na  salt  (466);  NaOH  (467);  Neutral 
alk.  salts  (462,  463) 

Isophenolphthalein  (483.2) 

Diphenyl  phthalate:  EtOH  (522) 
a-Phenylstilbene:  EtOH  (384);  CHCL  (392, 

393) 

Phenylacridonium  methochloride:  CHC13,  HC1 

(22  3  ) 

Phenylacridonium  methiodide:  CHC13  (223) 
Benzilphenylhydrazone:  EtOH  (+NaOEt) 

(45) 

o-Benzovlbenzeneazo-p-cresol:  EtOH  (633) 
p-Benzoylbenzeneazocresol:  EtOH  (-f  NaOH) 

(316) 

Triphenylvinyl  alcohol:  CHCL  (392) 

Fuchsone  of  o-cresyldiphenylcarbinol  (5-6) 
Triphenylacetic  acid:  EtOH  (522) 
Quinolphthalein,  alkali  salts  (462);  NaOH 
(467);  H20  (466) 

A-Methylphenylacridol:  MeOH,  CHCL,  Et20 
(4  4  6);  Salts  (21  5  J) 

p-Methoxybenzylideneaminoazobenzene  (49  6) 
Berberine  chloride:  EtOH,  +KOH  (630);  H20 

(6°6J) 

Desoxybenzoin  phenylhydrazone  (45) 
a(d)-Benzoin  phenylhydrazone  (45) 

l,  2-  Diketo-  5-acetyl-  3-  phenyl-  4-  methyl-  A3- 
cyclopentene  phenylhydrazone:  EtOH  (513) 

Berberine  nitrate:  H20  (140) 
Phenylglyoxalosazone  (4  5) 

P~ Ace  tylbenzeneazophenol  phenylhydrazone : 
EtOH  +  NaOH  (316) 
3-Methyl-4-hydroxytriphenylcarbinol  (5-6) 
Dimet  hyl  p  -  benzoyl-7  -  phenylvinylmalonate : 
EtOH  (92) 

Dimethyl  3-benzoyl-2-phenylcyclopropanedi- 
carboxvlate:  EtOH  (92) 

Berberine  (287);  EtOH  (606j,  630|)-  h,0 

(63°t) 

Fuchsine:  dil.  HC1  (229,  233) 

m,  m',  p,  p'-Tctramethoxy-2,  6-diphenyl- 

pyrazine:  CHCL  (63S) 

Dimethyl  7-benzoyl-/3-phenylethvlmalonate: 
EtOH  (92) 

I  »i,  to',  p,  p'-Tetramethoxy-2,  6-diphenyl- 

pyrazine  hydrobromide:  CHCL  (635) 

m><  V ,  p-Tetramethoxy-2,  6-diphenvl- 

Dvrazme  hydrochloride:  CHCL  (635) 


Formula 
C,„H„CLN, 
C2«H  2 1 N  (3  4 

C20H21NO4 

c20h22ci  n  o, 

C2oH  22N  202 
C20H22N2O2 

c20h22o2 
c2„h24n  202 

C2„H  24N  202 

C20H24N2O2 

C2oH  24n  202 

C20H24O4 

C2oH26C1N202 

C20H26NO4 

c20h25no4 
c20h26n2 
c20h26n  202 
c20h28n2os 

C20H28N  4O4 
C21H  1(N2 

C21HicN  4O 

c21h16o 

c21h16o2 

c21h17cio2 

c21h18n2o 

c21h18n2o2 

c21h18o 

C.iHisOsS 

C21 H 1 8S3 

C21H20C1N6O 

C21H20ClN5O4S 

C2iH20N4 
C  2  1  H2oN^  4O3 

C21H20O 

c21h20o8 

(  l*  :  H  20O5 


C2lH2o06 

c21h21n 

C21H2iN04 

c21h21no6 

C2IH2104P 

C2,H22C1N04 

C2iH22N202 

C21H2!06 


c21h22o, 


I  Name,  solvents  and  literature 

Fuchsine  hydrochloride  (228j 
Papaverine:  EtOH  (140,  264,  287,  606  +  , 
Tetrahydroberberine  (137f);  EtOH  (*40,  287) 
Papaverine  hydrochloride:  H20  (606|  1 
1, 4-Dibenzoyl-2(3)-dimethylpiperazine:  EtOH 

(52°) 

Hydroquininone:  v.  p.  360 
Camphorylidenebenzy lid eneace tone:  CsH» 

(559, 

Chinotoxine:  v.  p.  360 

Quinine  (13s,  140,  143,  264,  287);  cj_  p  350 

Quinidine  (4  40,  264) 

Isoquinine:  v.  p.  360 

Ethyl  camphorcarboxylate  benzoate  (414) 
Quinine  hydrochloride  (4  35);  cj.  p.  350 
Laudanine:  EtOH  (139,  1 4 1 ) 
Tetrahydropapaverine  (4 37, 287); EtOH  (140) 
Ethylidenexylidine  (507) 

Hydrochinotoxine:  v.  p.  380 
Nitrocamphor  anhydride:  EtOH  (412) 
Glucosemethylosazone  (45) 

Phenylacridine  methocyanide:  Et20,  CHCL 

(629  , 

Triketohydrindene  diphenvlhydrazone :  EtOH 

(516) 

Benzylidenedesoxvbenzoin  (534) 
a,  a '-Distyryl-7-pyrone:  EtOH,  H2S04  (76) 
a,  a'-Distyryl-7-pyrone  hydrochloride:  EtOH, 
HC1  (76) 

Benzil  phenylmethylhydrazone  (45 
Benzoylbenzeneazo-p-cresetole  (6  3  3) 
Dicinnamylideneacetone  (4 1 0 ) ;  EtOH,  CHCL 
+  SnCL,  H2SO4  (+AcOH)  (406) 
o-Cresolsulfonephthalein :  H43,  acid,  alk 

(4841) 

Trithiobenzaldehyde  (534) 
Antipyrine-4-azonaphthylamine  hydrochlo¬ 
ride:  EtOH  (478) 

Antipyrine-4-azo-/3-naphthylamine-6'-8ulfonic 
acid  hydrochloride:  EtOH  (478) 
Phenvlglyoxalmethylosazone  (4S) 
Antipyrine-4-azobenzoylacetone:  EtOH, 
+NaOEt  (478) 

Triphenvlcarbinyl  ethyl  ether:  Et>0  (5.5, 
o-Cresolbenzein :  EtOH,  HC1,  II2S04,  KOH 

(484.3) 

Dimethyl  2-phenyl-3-methylbenzoylcyclopro- 
panediearboxylate:  EtOII  (92) 

Dimethyl  /S-anisoyl-y-phenvlvinylmalonate: 
EtOH  (92, 

Dimethyl  3-anisoy  1-2-phenidci’clopropanedi- 
carboxylate:  EtOH  (92) 

Tribenzvlamine:  Et»0  (522) 
Methyldihydroberberine:  EtOH  ,630 
Hydrastine:  EtOH  (140,  287,  t03j); 

(603  J);  H,0  (606+) 

Tri-o(p)-tolyI  phosphate:  EtOH  (522) 
Methyldihydroberberine  hydrochloride:  EtOH 

(630, 

Strychnine:  EtOH  (2  6  4', 

Dimet  hyl  benzoylphenylpropylmalonate : 

EtOH  (92) 

Dimethyl  7-anisovbd-phon vlcthvlmalonate: 
EtOH  (92) 


ULTRA-VIOLET  ABSORPTION  SPECTRA  OROAXIC  SOLI  TIONS 


Formula 

Name,  solvents  and  literature 

Formula 

Name,  solvents  and  literature 

Ultra 

-violet  and  Visible. — (Continued) 

C.aH.„Br40, 

Bis  (a,  /S-dibromonnisvlmeth  vl  ipvrone:  EtOH 

CjtHnNO, 

Cryptopine  t137i 

(  + NaOEt)  (76  1 

CuHmC1N04 

Heroine  hydrochloride:  H>0  (606J 

C23H20O2 

a,  -y-Dibenzovl-d-phenvlpropane:  EtOH  92 

c„hI4cino6 

Cryptopine  hydrochloride  137) 

C23H  20O4 

Bis(anisylidenemethvl  ipvrone:  Et< HI.  AcOH 

CnH  2<Oio 

Phlorizine  (286) 

(76) 

CjiH  ;iNO( 

Corybulbine:  EtOH  (140,  287) 

C23  H  21 010  4 

Bis(anisvlidencmethvl  ipvrone  hydrochloride 

C21  I  1  2«N  SO, 

Yohimbine:  v.  p.  360 

EtOH,  CHCL  (76 

C11H27N  o< 

Laudanosine  (137fi:  EtOH  (139>  i4i) 

C2JH22N  4O3 

dl(d  and  l )-Phenvl(/>-dimethvlaminobenzene 

C21 1 1  jkN  2O2 

Optoquinine:  v.  p.  360 

azobenzovlaminoacetic  acid :  EtOH  i83-4 

CjiH  jijOj 

Menthyl  benzylideneacetoaeetate:  CJL  (5se 

C23H22O3 

Dimethoxvcinnamvlideneacetone:  II  SO, 

OjiHjoOj 

Menthyl  benzylacetoacetate:  C6Hc  (559 

(+AeOH)  (406) 

C22H  14 

Picene:  Cr, II.-.  (323>  325 

C23H23N &0 

Antipyrine-4-azoethvl-)3-naphthylamine: 

U22 1  i  1  4 

Dinaphthanthracene:  CJI«  (323,  325 

Etoil  (478) 

C22H  1(0( 

1,  8(9)-Diacetoxynaphthacenequinone:  EtOH, 

CojH^ClXTO 

Antipyrine-4-azoethyl-/S-naphthylamine 

NaOEt,  1!  S04,  II  B<  i  <> 

hydrochloride:  EtOH  (478 

C22H  IsN  3 

4,  5-Diplienylpyrrolinophenazine :  EtOH  (512) 

C23H24N  2O 

Tetramethvldiaminofuchsone  (228) 

C*,H18C1N, 

Aminophenylnaphthophenazonium  chloride: 

C23H24O 

Diphenylmethylenecamphor  1  5  6  0 ) 

IIoO  (289) 

CuH140t 

Tetramethoxytriphenylcarbinol:  Me,CO  + 

C,jH17N,0 

2,  3-Diketo-4,  5-diphenylpyrroline  phenyl- 

acid  (419.2) 

hydrazone:  EtOH  (512,) 

O23H26N  2O 

Camphorquinone  phenylbetizylhydrazone  (4  s 

C22H  180; 

Triphenylvinyl  acetate:  CHC13  (392) 

C23H  2flN  2O4 

Brucine:  EtOH  (264) 

U22H  1*0, 

Phenolphthalein  dimethyl  ether  and  esters: 

C23H  ;80 

Diphenylcamphomethane  (560) 

CIICI  f  SnCl,,  IUSO,  465 

C2,H27N08 

Narceine  (264);  EtOH  (l 40,  287,  eos, |  606 +) 

C22H  1 9N  On 

Dimethylisopropylquinophthalone:  EtOH 

C2SH3602S4 

Methylene  fenchylxanthate  (97) 

(489.5) 

C24H  uN  2  O', 

2-Nitro-6-anilino-l-hvdroxynaphthacenequi- 

CjjH.sNOgSj 

Dimethylisopropylquinophthalonesulfonic 

none:  EtOH,  NaOEt,  HjSO,,  H3BO3  (41) 

acid,  Xa  salt:  H.O  (489.5) 

C24H  uNO, 

l-Anilino-6-hydroxynaphthacenequinone: 

C22H.9N3O 

Phenyl  styryl  ketone  phenylsemicarbazone : 

EtOH,  NaOEt,  H.SO,,  H,BO,  (40 

EtOH  (+ NaOEt)  (298) 

C.4H17CI2N3 

Phenylaminochlorophenazonium  phenvlchlo- 

C22H2,C103 

Trimethoxytriphenylcarbinyl  chloride:  (419.2 

ride  (16) 

O22H  22^3 

Trianisylmethane:  EtOH  (13) 

C24H 18N4O2 

Bis(benzcneazo)diphenol :  EtOH  (550 

C221 1  22O4 

Trianisylcarbinol:  H.S04  (13,  406) 

O24H  2uOe 

Tribenzoin:  EtOH  (522) 

O22H  22O4 

Trimethoxytriphenylcarbinol:  H-20  +  Me2CO 

C24H22O6 

Bis(anisvlidenemethyl)pvrone  formate:  EtOH 

+  acid  '-icj.2 

(76) 

C,2H;2Oe 

Diethyl  a  (/3,  7)-diberzovlsuccinate:  EtOH 

O24H26O6 

Pen tam ethoxy triphenylcarbinol:  Me-.CO  -f 

(234) 

acid  (419.2) 

C22II23NO7 

Gnoscopine  (140t) 

O24H27NOS2 

1,  2-Diphenyl-3-fenchvl-imidoxanthogenide 

CjjH  21N  (J7 

Narcotine:  EtOH  (14o,  264,  287,  603j,  605+, 

(97) 

696t);  Et20  (603j) 

C24H30OS2 

Diphenylmethyl  menthylxanthate:  EtOH  (97) 

C22H  2*N  O g 

Hydroxynarcotine :  EtOH  +  AcOH  (264) 

C;4H36C1N202 

Eucupinotoxine  hydrochloride:  t>.  p.  360 

C221 1  24N  2O 

Camphorquinone  diphenylhydrazone  (4S 

C.4H36C12N20. 

Eucupine  dihydrochloride:  v.  p.  360 

C11H21NO6 

Diacetylcodeine:  EtOH  (264, 

C;5H;4XT40 

2,  3-Bis(p-dimethylaminoanilo  )-a-hydrindone: 

<  •  U  N  _09 

Dehydrocorydaline  nitrate:  H>0  (14°,  287 

Eton  516) 

C22I  J  27 N O4 

Corydaline  (137f);  EtOH  (140,  287) 

C^HjtNOt 

Tetrnacetylmorphine:  EtOH  (279) 

C22H  34O2S] 

Fenchvlxanthic  acid  thioanhydride  (97) 

C»6H2807 

2,  4,  2',  4',  2",  4"-Hexamethoxytriphenyl- 

C221 1  j40  jBj 

Bornylxanthie  acid  thioanhydride:  EtOH  (97 

carbinol  (4  19.2) 

C2ll  I  J4O2S4 

Bornyl  dixanthogenide :  EtOH  (97) 

C>5H30O2 

Menthyl  a(/3)-phenylcinnamate  (560 

O22H  j,0;S4 

Fenchyldixanthogenide  (97) 

C25H30O3 

Menthyl  benzoylphenyliicetate:  C.,H»  (559, 

C21H40O2 

Behenolic  acid  (423) 

C2.H„N0 

Phthalophenone  anilide  (soo) 

C22H42O2 

Erucic  aciil  (423,  424) 

Tetraphenvlethylene:  CHCl,  (393) 

C.2H42O2 

Isoerucic  acid  (424) 

C;«H..0O 

/3-Benzopinacolin :  CHCl,  (392) 

C„H4,Os 

Brassidic  acid  (424) 

C;6H;2 

Tetraphenvlethane:  CHCl,  (393) 

C21H  ,.N,0, 

/(-Benzoylbenzeneazo-a(d)-naphtliol:  EtOH 

C0.H22N4 

Benzilosazone  (45) 

(  +  NaOH)  (3t«) 

C 26 1 1 J2X  4O2 

Bis(tolueneazo)diphenol:  EtOH  1  s 5 0 , 

C23 1 1  i«Oi 

1,  3-Dibenzovl-2-phenvlcvclopropene:  EtOH 

C  II  ;  4  X  ;0  <S 

Benzylideneaniline  sulfate  i337 

92 

C26H30O3 

Menthyl  benzylidcncbenzovlacctate:  C.  H, 

C„H  i;N| 

4-Phenvl-5,  p-tolvlpvrrolinophenazine:  EtOH 

(559) 

81 1 

C27H34O3 

Menthyl  diphenylmethx  lacetoacetate:  C4H4 

CuH  ,4X403 

Benzeneazoacetylcarbonvlcoumaranone 

(559) 

phenvlhvdrazone:  EtOH  (457) 

C28H„C1:N, 

Xaphthylaminochlorophenylphenazonium 

C23II  IsOl 

1 .  3-Dihenzoyl-2-phenylcyclopropane:  EtOH 

hydrochloride  (16  i 

(92) 

CtsH,»AaI 

Tetrabenzylarsoniuin  iodide:  I1;0,  CHCL 

CMH„N,0 

2,  3-Diketo-4-phenyl-5,  p-tolylpyrroline 

(242) 

phenvlhvdrazone:  EtOH  (512) 

C2SH34O3 

Menthyl  ar-styrylbenzoylacetate  (559) 
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Formula 

Name,  solvents  and  literature 

Ultra 

-violet  and  Visible.  —(Continued) 

C28H3eN204 

Psychot rine  (137) 

CjsHjsNjO., 

Cephaeline  (137) 

c..,ii,,n2o4 

Emetine  (137) 

C3„II3,OS, 

Triphenylmethyl  menthylxanthate: 
hitOH  (97) 

C  tiH«20 

Mclissyl  alcohol  (438'f) 

c35h21n8o4s2 

I  t'traphenyldithiopurpuric  acid:  MeOH  (402i 

c32h,4 

Tetraphenylquinonedimethane:  EtOH,  Et20 

(293) 

C32H. • ,NcOgS, 

Congo  red  (232);  Na  salt:  acid,  alk.  (232) 

C32H26 

Tetraphenyl-p-xylene  (41  °) 

C32H49N09 

Veratrine:  EtOH  (264) 

c33hmn2o 

Benzoyldianilinostilbene:  EtOH  (15s) 

C34II  24CI2N  4 

Phenylaminonaphthylaminochlorophenazo- 
nium  phenylchloride  (16) 

C34H26C1N4 

Phenylaminonaphthjdaminophenazonium 
phenylchloride  (16) 

C34H3jC1N404 

Mesoporphyrin  hydrochloride  (433|);  EtOH 
(171t);  cf.  p.  360 

C34H47NO,i 

Aconitine  (264) 

C34H4SN2O10S 

Atropine  sulfate:  H20  (95t);  cf.  p.  300 

C34H  48N2O10S 

Hyosciamine  sulfate:  H20  (95J);  cf.  p.  360 

c38h36n  4o6 

Phyllocyanine  (433|) 

C35H&6014 

Digitalin :  EtOH  (284) 

C36H40N  4 C) 6 

Hematoporphyrin  dimethyl  ether  (171t);  cf. 
p.  360 

c3Bh30 

Hexaphenylethane  (13) 

c40h26 

Tetranaphthyl  (323j) 

C40H50N  408S 

Quinine  sulfate:  v.  p.  360 

C40H50N  408S 

Quinidine  sulfate:  v.  p.  360 

C40H54N  408S 

Hvdroquinine  sulfate:  v.  p.  360 

C4oHs6 

Carotin:  Et20  (isif) 

C40H5cO2 

Xanthophyllin :  Et20  (131t) 

C42H84N4OsS 

Methylquinine  sulfate:  v.  p.  360 

c54h92n2o18 

Solanine:  EtOH  (264) 

ORGANIC  SUBSTANCES  OF  MIXED  OR  UNKNOWN 
COMPOSITION.  NAME,  SOLVENT  AND  LITERA¬ 
TURE  REFERENCE 

Albumin  (26S). 

Albuminoids  (,29). 

Allochlorophyllan :  CHC13  (339). 

Amino  acids  (129if  35 7 1) 

Blood  sera  (38 1 J). 

Cadaverine  extract;  v.  p.  359 
Casein  (i22,J  aesf). 

Chlorophyll  (205, j  206  j);  Et20  (130f). 

Chlorophyllan :  CIIC13  (339). 

Hematine:  acid,  alk.  (171t);  cf.  p.  360 
Hemato porphyrin  (433X). 

Hematoporphyrin  hydrochloride:  EtOH,  H20  (171I). 

Hemin,  a  and  /t-bromo-derivati ves :  EtOH,  H>0  (171J),  cf.  p. 
360 

a-Hemin:  EtOH,  11,0  (i 7»,t  <33j);  c/.  p.  3f;o 
Hemoglobin  derivatives:  H20  (481{). 

Hemoglobin,  reduced  (258J). 

Hemoglobin,  oxy-  (»29,t  258 1);  H,0  (433,{  480,j  48i  j). 
Methemoglobin :  H20(-|-Na2C0j)  (257f). 

Neochlorophyllan :  CHClj  1339) 

Nucleic  acid  (122) 

Nucleic  acid  deriv.  (129t). 

Petroleum,  crude  oils  and  products  of  refining  t645-1  J). 
Phycocvan  :  H20  (625-5).  I 


Phycoerythrin:  II20  (625.5) 

Phylloery thrin  (433 J). 

Polypeptides  (di-  and  tri-peptides)  (357f). 

Starch  (from  maize)  (26Sf). 
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QUANTITATIVE  DETERMINATION  OF  ULTRA-VIOLET  ABSORPTION  SPECTRA  IN 

SOLUTIONS  OF  ORGANIC  SUBSTANCES 

Victor  Henri 


NOMENCLATURE 


J o  (resp.  J) 

X  (resp.  Xo) 

l 

(1)  ./  =  Joe-"' 

(2)  J  =  J  or' 

(3)  J  =  JolO-*' 

(4)  J  =  J010-«' 

—  4-kkI 


Intensity  of  the  incident  (resp.  emergent)  ray. 
Wave-length  of  the  light  in  the  medium  (resp.  in 
vacuo).  X/Xo  =  1  /  n\. 

Length  of  path  in  the  medium. 
ti  is  the  absorption  coefficient, 
r  is  the  transmission  coefficient. 

K  is  the  extinction  coefficient, 
e  is  the  molecular  extinction  coefficient. 


(5)  J  =  J 0e  x  x  is  the  absorption  index. 


The  above  coefficients  are  connected  by  the  following  relations: 


=  2.3026ec 


—  logio  r  =  tc 

k  =  0.7956  ■  (X  in  cm) 

k  =  1.832  ecX  •  (X  in  cm) 


« 

logic  t 

k/\ 

r 

d 

0.01 

_  2 

0.023026 

0.01832 

0 . 9773 

100  cm 

0.1 

-1 

0 . 23026 

(i  1832 

0 . 7943 

10  cm 

1 

0 

2.3026 

1.832 

0.1 

1  cm 

10 

+1 

23 . 026 

18.32 

10-i° 

0 . 1  cm 

100 

+  2 

230 . 26 

183.2 

10-100 

0.01  cm 

1  000 

+3 

2  302.6 

1  832 

2  Q — 1  000 

0.001  cm 

10  000 

+4 

23  026 

18  320 

10-10  000 

0.0001  cm 

100  (XK) 

+5 

230  260 

183  200 

10-100  000 

0.00001  cm 

In  the  above  table  d  represents  for  a  normal  solution  (c  =  1) 
the  path  length  in  which  90%  of  the  incident  light  is  absorbed. 
It  is  called  the  “active  region"  (“l’6paisseur  active")  since  it 
represents  the  layer  within  which  photochemical  reactions  occur. 


DESCRIPTION  OF  FIGURES 

'Phe  figures  are  drawn  to  the  same  scale  to  facilitate  comparison. 
They  are  based  upon  the  best  data  recorded  in  the  literature  and 
many  of  them  have  been  checked  in  the  author’s  laboratory. 
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CHeCINj,  Guanidine  hydrochloride;  Figs.  24,  37 
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C3H4O3,  Pyruvic  acid;  Fig.  81 
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CLIRO,  Isobutyraldehyde;  Fig.  31 
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CJL.N,  Pyridine;  Figs.  21,  33,  47 

CjIIn,  Cyclopentadiene;  Fig.  20 
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C5H8,  Isoprene;  Fig.  25 
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C6H80j,  Levulinic  acid;  Fig.  81 
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C’sIInBrN,  Neurine  hvdrobromide;  Fig.  34 

C5H12CINO2,  Betaine  hydrochloride;  Fig.  34 

CjHuClNO,  Choline  hydrochloride;  Fig.  34 

CjH  1 4N 2,  Cadaverine  extract;  Figs.  41,  42 

CJLoCLNN,  Cadaverine  hydrochloride;  Fig.  55 

Cfil  1 4O2,  Paraquinone;  Figs.  86,  87 

CeHsNOj,  Nicotinic  acid;  Fig.  47 

CNIIjNN,  Phenylazide  (Triazobenzime  ;  Fig.  69 

Cf.IL.,  Benzene;  Figs.  1.  I.  10,  21,26,27,33  39  68 

C»H«0,  Phenol;  Figs.  5,  6,  8,  72,  79 

C«H»Oj,  Hydroquinol;  Figs.  5,  79,  86 

CsIIsOj,  Pyrocatechol;  Figs.  5,  7 

C.ILOj,  Resorcinol;  Fig.  7 

CoILOb,  Aconitic  acid;  Fig.  77 

C6H;N,  Aniline;  Figs.  3,  10,  58.  80 

Cell iOe,  Tricarballylic  acid;  1  ig.  77 

C«H,N,Os,  Histidine;  Fig.  71 

C«Hio,  Diallyl;  Fig.  25 

C.II.o,  Dimethylbutadiene;  Iig.  25 
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Cr.IImO,  Mesityl  oxide;  Fins.  68,  74 
CfJLoO,  Diethylketene;  Fig.  82 
Cr,  1 1 1 oO 2j  Methylacetylacetonc;  Fig.  61 
CellioOj,  Ethyl  crotonatc;  Fig.  44 
CflII10O2,  Acetonylacetone;  Figs.  81,  85 
( MIioO.i,  Ethyl  acetoacetate;  figs.  44,  62 
CelInBrXAJi,  Broinural;  Fig.  37 
C.HuO,  Methyl  isobutyl  ketone;  Fig.  68 
C4H12O3,  Paraldehyde;  Fig.  30 
CdHijNOa,  Leucine;  F'ig.  71 
C,Hi4NsO*,  Lysine;  Fig.  55 
C6Hi4N402,  Arginine;  Fig.  71 
C7II&XO4,  Quinolinic  acid;  Fig.  47 
C7ILX2,  Phenyldiazomethane;  F’ig.  94 
CjILO,  Benzaldehyde;  Figs.  67,  88 
C;Il602,  Benzoic  acid;  F’igs.  13,  27,  35,  39,  40,  63,  72 
C7H6O2,  Toluquinone;  Fig.  87 

C;IIg03,  o,  m,  7>IIydroxy benzoic  acids;  Fig.  13:  o-(Salicylic  acid); 

Fig.  72 

C7II8,  Toluene;  Fig.  1 

C7  H8N 4O2,  Theobromine;  Fig.  45 

C7H8N4O2,  Theophylline;  Fig.  45 

CXIQO,  o,  ji-Cresols;  Figs.  8,  9:  m-;  Fig.  9 

C7H9N,  0,  m,  p-Toluidine;  Figs.  11,  12:  p-;  Figs.  3,  10 

C7H10N2O4,  Diethyl  diazomalonate;  Fig.  94 

C7H12O,  Suberone;  Fig.  46 

C7II12O6,  Quinic  acid;  Fig.  49 

C7Hi3BrN202,  Adeline;  Fig.  37 

C8H7N,  Indole;  Figs.  26,  33,  56,  72 

C8H802,  Phenylacetic  acid;  Fig.  39 

CsHsOs,  Vanillin;  Fig.  67 

CsIIsOs,  Hematinic  acid  anhydride;  Fig.  70 

C8H9NO4,  Hematinic  acid  imide;  Fig.  70 

C8H10,  o-,  m-,  p-Xylene;  Figs.  2,  4:  p-;  Fig.  1 

C8I1 10 N 4O2,  Caffeine;  Fig.  45 

C8IIio02,  o-Veratrole;  Fig.  67 

C8H12N2O3,  Veronal;  Fig.  36 

C8Hi3XtO,  Tropinone;  Fig.  46 

C8Hi40,  Methylheptenone;  Fig.  74 

CjHhOs,  Ethyl  d-ethoxycrotonate;  Fig.  44 

C8Hi6NO,  Tropine;  Fig.  46 

C9H7N,  Isoquinoline;  Fig.  21 

C9H7N,  Quinoline;  Figs.  21,  26,  48,  49,  56,  60,  65,  66 

C9H802,  Cinnamic  acid;  Fig.  39 

C*H9N08,  Hippuric  acid;  Fig.  35 

C9H10O2,  Phenylpropionic  acid;  Fig.  39 

C9II10O3,  Tropic  acid;  Figs.  27,  39 

C9H11NO2,  Phenylalanine;  Fig.  72 

C9II11XO3,  Tyrosine;  Fig.  72 

C9H14O,  Phorone;  Fig.  74 

CgHuNOj,  Ecgonine;  Fig.  46 

CuJLBr,  a(/3)-Bromonaphthalene;  Fig.  16 

C10II7XO2,  Cinchoninic  acid;  Figs.  49,  50 

C10H8,  Naphthalene;  Figs.  21,  78,  89 

CioH80,  a(|3)-Naphthol;  Fig.  17 

C10H9N,  a(/3)-Naphthylamine;  Fig.  22 

C10II 9X O,  p-Met  hoxyquinoline ;  Fig.  48 

C,0H„O,  Citral;  Fig.  74 

C10II1SO3,  Ethyl  diethylacetoacetate;  Fig.  44 

CuH7N,  a(/3)-Naphthonitrile;  Fig.  19 

Cj iH 802,  a(/3)-Naphthoic  acid;  Fig.  18 

C11H9NO*,  Quininic  acid;  Fig.  49 

C„II,o,  a(/3)-Methylnaphthalene;  Fig.  14 

C11H12X2O2,  Tryptophane;  Figs.  41,  72 

C11II14N2O,  Cytisine;  Fig.  66 

C12H9X,  Carbazole;  Fig.  80 


C,2H:„,  Diphenyl;  Figs.  78,  90 

C12H10N2,  Azobenzene;  Fig.  80 

C12H11N,  Diphenylamine;  Fig.  80 

C12H12,  2,  6(2,  7)-Dimethylnaphthalene;  Fig.  1-5 

C12H12N2O3,  Luminal;  Fig.  36 

C12H i3N,  a(/3)-Dimethylnaphth  ylamine;  Fig.  23 

C13H10,  Fluorene;  Fig.  89 

CuHioN2,  Diphenyldiazomethane;  Fig.  94 

C13HioO,  Benzophenone;  Fig.  88 

C13Hi2,  Diphenylmethane;  Fig.  89 

C14Hi0O2,  Dibenzoyl  (Benzil);  Fig.  88 

C14IF2,  1,  1-Diphenylethylene;  Fig.  90 

C14Hi2,  Stilbene;  Fig.  90 

C14H12O2,  Benzoin;  Fig.  88 

C14H 14,  Dibenzyl;  Fig.  89 

C16I1  uN,  a(d)-Phenylnaphthylamine:  Fig.  .23 

CjgH  14,  Diphenylbutadiene;  Fig.  90 

C16H19NO4,  Benzoylecgonine;  Figs.  27,  40,  63 

C16H2,N03,  Homoatropine;  Fig.  40 

C17H22C1N04,  Cocaine  hydrochloride;  Figs.  27,  40,  41 

C19H22N2O,  Cinchotoxine;  Fig.  50 

Ci9H22N20,  Cinchonine;  Figs.  28,  50,  65 

C19H22N2O2.2H2O,  Apoquinine;  Figs.  53,  54 

C19H22N2O4,  Quitenine;  Fig.  64 

C19H23CIN2O,  Cinchonine  hydrochloride;  Fig.  28 

C19H24N^ 2O 2,  Hydrocupreine;  Fig.  53 

C20H22N2O2,  Hydroquininone;  Fig.  95 

C20H24N2O2,  a-Isoquinine;  Fig.  52 

C20H24N2O2,  Quinine;  Figs.  51,  65 

C20H24N2O2,  Chinotoxine;  Figs.  52,  95 

C20H25CIN2O2,  Quinine  hydrochloride;  Figs.  51,  64 

C20H26N2O2,  Hydrochinotoxine;  Fig.  95 

C21H26N2O3,  Yohimbine;  Fig.  56 

C21H28N2O2,  Optoquinine;  Fig.  54 

C24H36CI2N2O2,  Eucupine  dihydrochloride;  Figs.  54,  64 
C24H36C1N202,  Eucupinotoxine  hydrochloride;  Fig.  54 
C34H32BrFeN404,  a(j3)-Bromohemin;  Fig.  92 
C34H32ClFeN404,  a-Hemin;  Fig.  92 
C34H33FeN406,  Hematine;  Fig.  75 
C34H39CIN4O4,  Mesoporphyrin  hydrochloride  ;  Fig.  75 
C34II48N2O10S,  Atropine  sulfate;  Fig.  40 
C34H48N2O10S,  Hyosciamine  sulfate;  Fig.  40 
CardLoAXOf,,  Hematoporphyrin  dimethyl  ether;  Fig.  75 
C40H50N4O8S,  Quinine  sulfate;  Figs.  51,  52,  53,  54,  60,  65,  95 
C4oH;,oXr408S,  Quinidine  sulfate;  Fig.  52 
C 40H54N 40 8S,  Hydroquinine  sulfate;  Figs.  53,  64 
C42H54N4O8S,  Methylquinine  sulfate;  Fig.  64 
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Table  1. — Solar  Spectrum:  Typical  Lines 
An  R  placed  after  a  wave-length  (X)  indicates  that  it  has  been 
derived  from  Rowland’s  measurements  (4)  by  means  of  Table  2; 
all  other  values  of  X  are  derived  from  measurements  made  at 
Mount  Wilson  (3)  in  terms  of  internationally  accepted  standards. 
They  all  represent  the  value  of  X  in  air  at  15°C  and  a  pressure  of 
one  normal  atmosphere.  Accidental  errors  exceeding  0.002  A  or 
0.003  A  are  improbable.  The  source  of  the  line  is  generally  that 
determined  by  Rowland.  The  spot  intensities  refer  to  typical 
spots;  in  “Spot  5X”  are  given  the  separations  of  the  n-components 
in  large  spots,  reduced  to  a  common  field  strength  ( H  =  3400 
gauss).  A  line  which  is  incompletely  resolved  from  other  nearby 
details  of  the  spectrum  blend s  with  them,  and  is  called  a  blend.  LT nit 
of  X  =  1  Int.  A  =  10~4  fx  =  10-8  cm;  of  5X  =  10-3  A  =  10_ucm. 
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Table  1. — ( Continued ) 


X 

Source 

(4) 
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Source 

Intensity 
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89.660 

Fe 

3 

3 

25 

b 

V 

22.051 

Fe 

3 

3 

28 

&(?) 

4802 . 888 

Fe 

2 

1 

31 

29.149 

Cr 

3 

5 

75 

II 

10.539 

Zn 

3 

1 

36 

36.795 

Ti+,  — 

4 

3 

58 

VB, 

24  143 

Fe,  Cr  + 

3 

2 

48 

45.809 

Cr 

5 

10 

44 

I 

32.721 

Fe 

3 

2 

25 

49.471 

Ca 

4 

6 

40 

III 

40.886 

Ti 

3 

6 

20 

al 

I 

64.883 

Fe 

5 

5 

30 

€ 

V 

48.254 

Cr  + 

2 

00 

26 

67 . 478 

Fe 

6 

7 

39 

€ 

V 

59.749 

Fe 

4 

6 

c5 

III 

69 .976 

Fe 

6 

6 

40 

e 

V 

66.278 

Ni 

2 

1 

46 

III 

83.381 

Fe 

6 

6 

42 

e 

V 

85.436 

Fe 

3 

2 

21 

d 

V 

89.488 

Fe 

3 

3 

54 

4904  420 

3 

2 

93.178 

Fe 

5 

6 

63 

d5 

IV 

09  390 

Fe 

2 

2 

44 

97  143 

Fe 

/ 

14 

49 

a  4 

IB 

17.237 

Fe 

2 

2 

60 

5410.920 

Fe 

4 

4 

42 

e 

V 

24 . 778 

Fe 

3 

4 

31 

b 

V 

15.211 

Fe-V 

5 

5 

43 

e 

v,  - 

27.874 

Fe 

2 

1 

40 

24.081 

Fe 

6 

6 

46 

e 

V 

30  313 

Fe 

2 

2 

31 

34  636 

Fe 

5 

8 

10 

a4 

IB 

37.350 

Ni(?) 

3 

i 

55 

III 

36  304 

Fe 

i 

1 

84 

6(?) 

38.179 

Fe 

2 

2 

15 

d 

45 . 055 

Fe 

4 

4 

49 

e 

V 

39.244 

Fe 

2 

2 

32 

rf(?) 

62  971 

Fe 

3 

3 

40 

€ 

46  397 

Fe 

3 

3 

43 

d 

IV 

66  407 

Fe 

3 

3 

.50 

d 

67  905 

Fe 

3 

2 

e 

73  911 

Fe 

3 

3 

65 

d 

69.924 

Fe 

3 

2 

80 . 867 

Fe 

1 

1 

96 

d 

94  139 

Fe 

3 

6 

27 

a 

IB 

87  756 

Fe 

3 

4 

58 

98  232 

Ni 

1 

00 

56 

III 

97  528* 

Fe 

5 

13 

99*7 

a3 

IB 

5005  720 

Fe 

4 

4 

35 

d 

V 

5501  478 

Fe 

5 

12 

144 

a3 

IB 

10.944 

Ni 

0 

0 

46 

06  793** 

Fe 

5 

12 

146 

o3 

IB 

20.033 

Ti 

o 

6 

30 

al 

II 

12  991 

Ca 

4 

8 

40 

III 

24  852 

Ti 

3 

1 

17 

al 

II 

34  849 

9 

1 

27 

25 . 568 

Ti 

1 

3 

34 

III 

7,1 

Fe 

3 

2 

75 

e 

28  135 

Fe 

2 

2 

24 

V 

62  71  s 

Fe 

2 

2 

96 

39  966 

Ti 

3 

5 

22 

al 

I 

76.101 

Fe 

4 

4 

0 

d5 

IV 

49.829 

Fe 

6 

8 

28 

a 

III 

81  981 

Ca 

4 

8 

54 

III 

60 . 076 

Fe 

3 

6 

37 

a 

88 . 766 

Ca 

6 

10 

39 

III 

74.755 

Fe 

5 

4 

33 

e 

V 

90  128 

Ca 

3 

7 

49 

III 

81.121 

Ni 

3 

3 

31 

III 

93  748 

Ni 

0 

00 

46 

III 
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Table  1.- 

— ( Continued ) 

Table  1.- 

—{Continued) 

X 

Source 

(4) 

Intensity 

Spot 
5X  (3) 

Group 
(J,  3,  5) 

Temp. 

class 

(2) 

X 

Source 

(4) 

Intensity 

Spot 

5X  (3) 

1  r 

)  (>roup 

1  (j>  3-  s) 

|  Temp. 

class 

1  (2) 

Sun 

(4) 

Spot 

(3) 

Sun 

1  (4) 

Spot 

1  (3) 

5601 .288 

Ca 

3 

6 

52 

III 

6078.504 

Fe 

5 

5 

81 

e 

1  V 

14.784 

Ni 

0 

00 

60 

V 

81.4587? 

X’ 

0 

7 

145 

1 

18.645 

Fe 

1 

1 

81 

d 

82.723 

Fe 

1 

i 

173 

&(?) 

24.033 

Fe 

1 

1 

48 

d5 

90.222 

Ti,  V 

2 

8 

59 

I 

33.955 

Fe 

3 

3 

53 

d 

96 . 675 

Fe 

3 

3 

127 

d 

38.274 

Fe 

3 

3 

52 

d5 

V 

6102.188 

Fe 

6 

5 

109 

e 

V 

41 .450 

Fe 

2 

2 

52 

d 

02 . 733 

Ca 

9 

25 

179 

II 

50 . 696 

Fe 

i 

0 

78 

08.130 

Ni 

6 

7 

95 

II 

55 . 502 

Fe 

2 

2 

58 

d 

V 

11.6667? 

V 

0d(?) 

10 

188 

II 

62.527 

Fe 

4 

3 

51 

d 

V 

19.5357? 

V 

1 

8 

121 

I 

67.526 

Fe 

2 

2 

110 

e(?) 

22.231 

Ca 

10 

30 

48 

II 

79.034 

Fe 

3 

3 

84 

e(?) 

27.918 

Fe 

3 

3 

51 

b 

82.650 

Na 

5 

10 

40 

35.3757? 

V 

00  N 

8 

188 

84.497 

Si 

3 

1 

GO 

36.631 

Fe 

8 

10 

35 

54 

III 

88.220 

Na 

6 

12 

43 

37.709 

Fe 

7 

9 

98 

54 

III 

90.435 

Si 

3 

1 

86 

50.1567? 

V 

ON 

12 

154 

I 

5701.113 

Si 

1 

00 

98 

<7(?) 

01 .559 

Fe 

4 

5 

50 

«(?) 

III(?) 

57.739 

Fe 

5 

6 

198 

54 

V 

08.408 

Si 

3N 

00 

73 

61.302 

Ca 

4 

9 

124 

III 

11.098 

Mg 

6 

6 

43 

62.185 

Ca 

15 

35 

166 

II 

17.844 

Fe 

4 

4 

41 

d 

66.446 

Ca 

5 

9 

79 

III 

31 .775 

Fe 

4 

3 

101 

d 

73.348 

Fe 

5 

4 

236 

54 

III 

52.043 

Fe 

4 

4 

79 

e(?) 

80.216 

Fe 

5 

7 

45 

5(?) 

54 . 669 

Ni 

5 

6 

77 

II 

91.577 

Fe 

9 

9 

69 

54 

II 

63.005 

Fe 

6 

6 

55 

d 

V 

99.1957? 

V 

0 

8 

178 

I 

72.152 

Si 

3 

0 

53 

6200.327 

Fe 

6 

8 

124 

54 

IV 

75.091 

Fe 

4 

4 

94 

d 

13.443 

Fe 

6 

6 

237 

54 

III 

87.930 

Cr 

4 

9 

G3 

III 

13.8777? 

V 

000 

5 

149 

I 

93 . 926 

Fe 

2 

2 

104 

d(?) 

19.291 

Fe 

6 

8 

160 

54 

III 

5806 . 736 

Fe 

5 

5 

58 

e(?) 

24  5127? 

V 

000 

5 

146 

I 

09 . 228 

Fe 

4 

4 

70 

d 

32.655 

Fe 

3 

4 

275 

d 

xr 

16.384 

Fe 

5 

5 

44 

42.8537? 

V 

000 

5 

184 

I 

48.126 

Fe 

3 

2 

88 

d 

46.333 

Fe 

8 

7 

148 

d5 

V 

52.232 

Fe 

3 

4 

80 

51.8467? 

V 

00 

7 

164 

I 

53 . 690 

Ba  + 

5 

9 

72 

III 

52.571 

Fe 

7 

9 

67 

5 

III 

62.371 

Fe 

6 

6 

59 

e 

V 

58 . 3687? 

y 

000 N 

0 

149 

IL4 

66 . 464 

Ti 

3 

10 

49 

al 

II 

61.2997? 

v 

0000 

000 

196 

IIA 

89 . 977 

Na 

30 

100 

I 

65.148 

Fe 

5 

8 

152 

54 

III 

92 . 885 

Ni 

4 

4 

50 

II 

68.8787? 

V 

000N 

4 

176 

IIA 

95.943 

Na 

20 

60 

I 

70.237 

Fe 

3 

3 

31 

5 

5905 . 684 

Fe 

4 

3 

34 

d 

V 

85.1827? 

V 

00  N 

6 

154 

I 

16.261ft 

Fe 

3 

5 

80 

92.8287? 

X’ 

000 

4 

187 

I 

27.801 

Fe 

2 

2 

28 

e(?) 

96.5137? 

X' 

0000 

4 

160 

I 

34 . 669 

Fe 

5 

5 

57 

d 

y 

97 . 808 

Fe 

3 

8 

69 

64 

III 

48.552 

Si 

6 

2 

54 

6301.517 

Fe 

7 

1 

148 

c?5 

IV 

56 . 709 

Fe 

4 

10 

32 

b 

14.676 

Ni 

4 

5 

1 15 

II 

75 . 356 

Fe 

3 

3 

4G 

54 

15.822 

Fe 

1 

2 

108 

83 . 693 

Fe 

5 

5 

G2 

d 

V 

18.035ft 

Fe 

6 

8 

40 

64 

III 

84.830 

Fe 

G 

6 

62 

e 

IV 

22.701 

Fe 

4 

6 

145 

6 

III 

6003 . 027 

Fe 

6 

6 

98 

d 

V 

35 . 345ft 

Fe 

6 

10 

61 

64 

III 

07.973 

Fe 

4 

4 

89 

e 

36 . 837ft 

Fe 

- 

7 

7 

204 

d5 

V 

13 . 503 

Mn 

6 

11 

155 

III 

55 . 043 

Fe 

4 

6 

114 

6 

III 

16.653 

Mn 

6 

12 

192 

III 

58.695 

Fe 

6 

8 

176 

a 

I A 

21.808 

Mn 

6 

12 

106 

III 

80.756 

Fe 

4 

3 

33 

b 

V 

27.064 

Fe 

4 

4 

64 

64 

V 

93 . 620ff 

Fe 

7 

8 

36 

64 

III 

39.  /45 It 

V 

0 

6 

135 

I 

6400 . 328 

Fe 

2 

4 

147 

d5 

III 

42.108 

Fe 

3 

2 

38 

e 

V 

08. 033 ff 

Fe 

5 

1 

60 

d 

V 

56 . 018 

Fe 

5 

5 

50 

€ 

V 

11.665 

Fe 

7 

9 

44 

d5 

IV 

58. 1771? 

V 

000  N 

3 

330 

IL4 

21.367 

Fe 

7 

10 

162 

b 

III 

rf(?) 

30.863 

Fe 

5 

8 

140 

64 

III 

65 . 499 

Fe 

7 

8 

28 

64 

III 

39 . 090 

Ca 

8 

12 

33 

II 
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Table  1. — ( Continued \ 


X 

Source 

(<) 

Intensity 

Spot 

“(]) 

Group 

(1,3,5) 

Temp. 

class 

C2) 

Su  n 
(*) 

Spot 

(3) 

6449 . 827 

Ca 

6 

11 

48 

11 

55.613 

Ca 

2 

8 

45 

II 

7 1 . 676 

Ca 

5 

10 

149 

II 

81  886 

Fe 

3 

4 

144 

5 

93 . 796 

Ca 

6 

12 

48 

II 

95.001 

Fe 

8 

9 

86 

54 

II 

96.480 

Fe 

2 

2 

97 

d 

96  916 

Ba  + 

4 

6 

52 

99 . 663 

Ca 

4 

8 

71 

II 

6546 . 260 

Fo-Ti 

6 

8 

48 

54,  a4 

III,  III 

69 . 232 

Fe 

5 

4 

122 

V 

92 . 934 

Fe 

6 

6 

62 

54 

III 

93 . 892 

Fe 

4 

5 

84 

54 

IV 

6609.126 

Fe 

3 

4 

5 

IV 

43 . 648 

Xi 

5 

5 

I 

63 . 455 

Fe 

3 

4 

5 

IV 

78 . 007 

Fe 

5 

5 

54 

III 

6717.697 

Ca 

5 

8 

III 

50.173 

Fe 

3 

3 

5 

IV 

67 . 793 

Xi 

4 

4 

I 

6810.276 

Fe 

4 

2 

28.612 

Fe 

2 

2 

d(?) 

V 

41.356 

Fe 

3 

3 

rf(?) 

V 

43 . 672 

Fe 

3 

2 

d(?) 

X' 

55.183 

Fe 

3 

2 

dr.) 

V 

Table  2. — Corrections  for  Rowland’s  Values  of  a 

Rowland’s  value  exceeds  the  International  value  ii/„  system  of 
standards  adopted  in  1922)  bvan&mount  A  which  varies  with  X.  §  § 


Unit  of  X  =  100  A  =  10~*  cm;  of  A  =  0.001  A  =  10~"  cm. 

X .  38  40  42  44  46  48:  49  50  51  52  53  54 

A .  137  140  158|158;  173  184  177  174  160  164  1 72  200 

X .  55i  56  58  59  60  61  62  63  64  65  66  68 

A .  204  216  21 1  212  214  206  204  204  204  213  227  242 


Table  3. — -Corrections  for  1928  International  Standards  7 


Each  X  in  Table  1  is  too  great  by  an  amount  C  which  varies 
with  X.  Error  in  C  is  probably  <  0.001.1.  Unit  of  X  =  100  A 
10“*  cm;  of  C  =  0.001  A  =  10-11  cm. 


X . 

c . ] 

37.5 

1.5 

39.5  40.5  41  5 
2.0|  2 . 0|  2.0 

42.5 

2.0 

43.5 

2.0 

45 

2.6 

46 

3.1 

47 

3 . 0| 

49 

2.8 

X . 

c . 

51 

2.6 

55 

2.3 

I57 

1  3.0 

59 

3.8 

60 

4.7 

62 

6 . 5 

64 

8 .4 

166 

10.21 

07 

112 

*  Blend  in  spot.  **  Complex  in  spot, 

t  Fe  predominant.  tt  Probably  blend  in  spot. 

t  Blend  with  complex  line  in  spot.  +t  Components  blended  in  spot. 

§  Doubtful.  ||  Complex  in  spot.  §1  See  also  (6) 

«i  Line  complex;  i\  is  for  outer  n-eomponents. 

LITERATURE 

(For  a  key  to  the  periodicals  see  end  of  volume) 

.1,  dale  ami  Adams.  11,  35:  10;  12.  (*1  King,  it,  37:  230;  13.  39:  13»; 

It.  56:  31s;  22.  (*)  Mount  Wilson  Obs.,  Pasadena,  Calif.,  0.  (*) 
Howland,  21.  1:  29,  131,  222,  295,  377:  95.  2:  15,  109,  188,  30«,  360;  95. 
3;  l  tl,  201,  356:  96.  i5  St  John  and  Ware,  tt,  39;  5;  14.  (•)  St.  John 

et  at.,  152,  No.  396;  28.  (7)Comm.  Report.,  538,  3:  93;  2S. 


UNIDENTIFIED  LINES  AND  BANDS  IN  CELESTIAL  SPECTRA 

F.  E.  Baxandall 


In  the  following  tables,  only  the  stronger  of  the  unidentified 
lines  tire  given;  others  will  be  found  in  the  articles  quoted. 
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Table  1. — Celestial  Sources  of  Unidentified  Lines 
For  bands,  v.  Table  3 

Sym.  =  symbol  by  which  the  source  is  indicated  in  Table  2; 
Scale  max.  =  maximum  of  the  intensity  scale  adopted  by  the 
authority  indicated  in  the  Lit.  column;  Min.  included  =  lowest 
intensity,  by  that  authority,  which  is  included  in  Table  2;  No. 
number  of  lines  from  that  source  which  is  included  in  Table  2; 
they  lie  between  Xm,„.  and  Xm»x. 

Frit  of  X  =  1  A  =  10"*  cm. 


Min. 

No. 

Source* 

Sym. 

Lit. 

max. 

in¬ 

cluded 

^min . 

*rnax. 

Aurora . 

A 

(3,  28, 

3 

i).)77 

5o7  8 

3  4, 

Corona . 

Cor 

(*)* 

30 

4 

31 

13 

3328 

6374 

<") 

100 

Clu^ 

0*) 

in 

3  l 
~  / 

4S 

3231 

57S0 

(»>) 

100 

2 

(10) 

80 

3 I 

(7) 

2 

1  ] 

Fra 

(«•) 

V 

31 

3033 

©638 

(*•) 

40 

•»J 

Table  1. — (Continued) 


Source 

Sym. 

Lit. 

Scale 

max. 

Min. 

in- 

eluded 

No. 

^min 

Planets . 

Pin 

(27, 

7 

5093 

6677 

Nebulae . 

Neb 

(37) 

360 

10 

17 

3426 

6583 

Nova  Aquilae  No.  3 . 

NoA 

(«7) 

1 

4603 

4603 

Nova  Geminorum  No.  2 

NoG 

(2,  3I) 

8 

5 

•) 

4610 

4639 

Nova  Persei . 

NoP 

(“) 

10 

3 

5 

386  s 

4  720 

Wolf-Uayet  stars. 

W-R 

(23, 

(37)t 

50 

100 

-■} 

20 

3414 

5.104 

v  Sagittarii . 

Sag 

(2<) 

4 

2 

5 

3038 

4278 

36  t9  Eridani . .  ... 

Eri 

(33) 

50 

2 

5 

3054 

4621 

II.  Aquarii. . .  . . 

HAq 

(19) 

2 

4058 

4701 

6  Aurigae . 

fl.Vu 

(t5) 

10 

3 

5 

3954 

4376 

c t  Canum  Venaticorum . .  .  . 

CnV 

(') 

6 

3983 

4815 

7\  Carinae . 

Car 

(22) 

10 

3 

13 

4244 

4889 

o  Ceti . *  •  - 

Cct  | 

(«*) } 

24 

.'1852 

4838 

(37>  1 

90 

4 

(29, 

10 

3] 

r 

CyK 

(»») 

(3,> 

2  1 

25 

3020 

4.876 

(3») 

4 

3  J 

H.  P.  1311  (A.  C,.  C.  8631) 

HP 

(*) 

2 

4050 

4606 

t  I’rsae  Mai  oris 

IMa 

(10) 

10 

3 

(275 

*  A  nummary  of  record*  of  many  observer*.  Tlx-  X'»  arc  probable  valui-s  a* 
derived  from  the  collective  records.  Scale  max  of  no  observer  exceed*  Ui 
Every  unidentified  line  recorded  by  any  observer  a*  of  intensity  4  is  included 
in  Table  2. 

t  The  record  used  is  the  spectrum  of  the  nueleu*  of  planetary  nebula  B.  D.  4- 
30°,  3639,  which  contain*  almost  all  the  line*  of  the  W  olf-Rayet  star*  more 
sharply  defined  than  in  the  Wolf-Rayct  stars  themselves. 
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Table  2- 

—Unidentified  Lini 

;s  in  Celestial  Spectra 

X 

Sym. 

/ 

X 

Sym. 

l 

Only  the  stronger  lines 

in  the 

spectra  of  the 

sources  listed  in 

a  4128.7 

UMa  (30) 

3 

4561.97 

Cet  (12) 

Table  1  are  given.  The  symbol  (v. 

Table  1)  indicating  the  source 

a  4132.4 

UMa  (30) 

5 

4567 

Cor  (8) 

6 

is  followed  by ; 

number  indicating  the  authority  ( 

v.  Lit.).  Absorp- 

4137.3 

Chr  (16) 

3 

4583. 90 § 

Cet  (12) 

tion  lines  are  indicated  by 

an  a  preceding  the  value  of  X;  values  in 

4138.64 

Cet  (12) 

4586 

Cor  (8) 

4 

j  probably  ref 

cr  to  the  same  line. 

The  wave-lengths  of  lines  of 

4143.11 

Chr  (ii) 

3 

4597.72 

Chr  (2i) 

2 

o  Ccti  recorded  by  Stebbins  f32) 

and  by  Adams 

and  Joy  (i)  have 

4155.2 

W-R  (37) 

50 

4600 . 6 

Chr  (16) 

3 

here  been  corrected  for  tin 

mean 

ve 

locity  shift. 

For  maximum  of 

4156.3 

Chr  (16) 

3 

4603 . 7 

No  A  (17) 

intensity  scale,  number  of  lines 

for 

each  source, 

etc.,  v.  Table  1. 

a  4159.19 

Fra  (2  5) 

5 

[  4606** 

HP  (9) 

12 

Svrn.  =  symbol  of  the  source, 

/ 

=  intensity, 

\  =  wave-length. 

4163.6 

W-R  (37) 

50 

4608** 

W-R  (23) 

3 

Unit  of  X  = 

1  Int.  A  = 

lb”8 

cm  (for  reduction  to  Rowland’s 

4165.87 

Cet  (12) 

[  4610** 

NoG  (2) 

5 

scale,  v.  Table 

4). 

a  4184.00 

Fra  (2  5) 

4 

4615.2 

Chr  (16) 

3 

a  4188.73 

Fra  (25) 

4 

a  4621 . 72 

Eri  (33) 

2 

X 

Sym. 

I 

X 

Sym. 

/ 

j  a  4190.99 

Eri  (33) 

2 

4622 

W-R  (23) 

10 

a  3020 . 2 

Cyg  (3  9) 

3 

3643 

Cor  (8) 

5 

\ a  4191.6 

0Au  (15) 

3 

4633 . 54 

Cet  (12) 

a  3033.41 

Fra  I23) 

5 

3687 

W-R  (23) 

4 

a  4198.24 

Fra  (2  5) 

4 

4634 . 76 

Cet  (12) 

a  3035 . 73 

Fra  (2  5) 

5 

3726.15* 

Neb  (37) 

50 

f  a  4200.5 

Sag  (2  4) 

2 

f  4636  ft 

NoP  (14) 

3 

a  3038.8 

Cyg  (39) 

3 

3728.90* 

Neb  (3  7) 

30 

a  4200 . 5 

0Au  (is) 

3 

1  4639.0ft 

NoG  3i) 

a  3047.7 

Cyg  (3  9) 

3 

3734 

W-R  (23) 

3 

[ a  4200.96 

Eri  (33) 

4 

4639 . 08 

Cet  (12) 

a  3050.11 

Fra  (2  5) 

4 

a  3748.60 

Cyg  (38) 

3 

4229.4 

W-R  (37) 

15 

4658 . 2 

RAq  (I9) 

a  3053.41 

Fra  (2  5) 

7 

3769 

W-R  (2  3) 

3 

4231.2 

Cor  (8) 

8 

4666 

W-R  (3  7) 

40 

a  3059 . 52 

Cyg  (39) 

3 

3769.75 

Cyg  (38) 

3 

/  4233. 15§ 

Cet  (3  2) 

12 

4669.44 

Chr  (21) 

2 

a  3096 . 45 

Cyg  (3  9) 

3 

3813.5 

W-R  (2  3) 

3 

1  4233. 26  § 

Cet  (12) 

4698 . 72 

Chr  (ii) 

3 

a  3125 . 27 

Fra  (25) 

5 

3852.21 

Cet  (32) 

4 

4244.09 

Car  (22) 

8 

a  4699 . 33 

Fra  (2  5) 

4 

a  3177 . 51 

Cyg  (3  9) 

3 

a  3859 . 95 

Cyg  (2  9) 

3 

a  4275.4 

UMa  (30) 

3 

a  4700. 16 

Fra  (2  5) 

4 

a  3231.32 

Chr  (10) 

3 

a  3867 . 20 

Chr  (io) 

3 

4276 . 85 

Car  (2  2) 

5 

4701.4 

RAq  (19) 

a  3236 . 15 

Chr  (i  0) 

3 

j  3868 

NoP  (14) 

10 

a  4278.40 

Sag  (24) 

2 

4711.4 

Neb  (3  7) 

10 

a  3245 . 97 

Fra  (2  5) 

4 

( 3868 . 65 

Neb  (37) 

70 

4287 . 29 

Car  (22) 

10 

4720 

NoP  '  1 4  j 

6 

a  3251.92 

Fra  (25) 

4 

a  3911.25 

UMa  (30) 

3 

4291.48 

Cet  (12) 

4728.17 

< Jar  ( 12) 

5 

a  3255 

Cyg  (38) 

2 

a  3936 . 90 

Chr  (10) 

3 

a  4301.10 

Fra  (2  5) 

4 

4739 

W-R  (23) 

3 

a  3258 

Cyg  (38) 

3 

3938.05 

Chr  (16) 

3 

4302.78 

Chr  (ii) 

3 

4740.2 

Neb  (37) 

20 

a  3261.62 

Fra  (2  5) 

4 

3938.19 

Cet  (32) 

8 

a  4303 . 94 

Fra  (2  5) 

4 

4756 . 54 

Cet  (12) 

a  3281.21 

Cyg  (38) 

3 

a  3938.40 

Fra  (25) 

4 

4316 . 64 

Chr  (21) 

2 

4757.3 

Chr  (16) 

3 

a  3285.60 

( )yg  (38) 

2 

< 

a  3938.45 

Cyg  (2  9) 

3 

4325 . 6 

W-R  (37) 

50 

4761.8 

Chr  (16) 

4 

a  3288.60 

Chr  (10) 

3 

a  3938 . 45 

UMa  (30) 

3 

4342 . 58 

Car  (22) 

4 

4768.27 

Chr  (2i) 

2 

a  3289 . 44 

Cyg  (38) 

2 

a  3938.60 

Sag  (2  4) 

3 

4343 . 09 

Chr  (2i) 

2 

4786 . 2 

W-R  (3  7) 

20 

a  3308.81 

Fra  (2  5) 

5 

a  3945 . 05 

( Jyg  (29) 

3 

4358.94 

Car  (22) 

10 

4801.15 

Cet  (12) 

a  3324 . 06 

Fra  (2  5) 

4 

3952.15 

Chr  (16) 

4 

4359 

Cor  (8) 

6 

4810.8 

Chr  (16) 

3 

3328. 1 

Cor  («) 

5 

J 

a  3954.15 

0Au  (15) 

4 

f  4363.20|| 

Neb  (37) 

80 

4814.60 

Car  (22) 

5 

a  3366.17 

Chr  (10) 

3 

( a  3954.40 

Eri  (33) 

2 

1  4364 

NoP  (14) 

7 

a  4815 

CaV  (5) 

3388 

Cor  (8) 

30 

3967.51 

Neb  (37) 

70 

4372.68 

Cet  (32) 

9 

4838.50 

Cet  (12) 

a  3407 . 22 

Cyg  (38) 

2 

3967 . 58 

Cet  (32) 

8 

f a  4376 . 8 

0Au  (15) 

3 

4849.15 

Chr  (2i) 

2 

3414 

W-R  (23) 

5 

3969. 86 f 

NoP  (14) 

10 

)  a  4377.44 

Eri  (33) 

2 

a  4876 . 5 

Cyg  (35) 

3 

a  3416.11 

Cyg  (38) 

2 

a  3973.44 

Chr  (10) 

4 

4407 . 9 

Chr  (16) 

3 

4889 . 46 

Car  (22) 

3 

3426.3 

Neb  (37) 

20 

a  3983 . 85 

( 5a  V  (5) 

4413.87 

Car  (22) 

8 

4958.91|| 

Neb  (3  7) 

200 

a  3438.99 

Chr  (10) 

4 

3986.75 

Cor  f8) 

5 

4416. 26  It 

Car  (22) 

9 

5006.84|| 

Neb  (3  7) 

360 

3445 

Neb  (37) 

13 

3991 . 15 

Chr  (16) 

3 

4441.2 

W-R  (37) 

40 

a  5093 

Pla  (2  7) 

3455 

Cor  (8) 

8 

4006 . 82 

Cet  (32) 

9 

4446 . 38 

Chr  (ii) 

3 

5130.7 

W-R  (37) 

25 

a  3465 . 74 

Cyg  (38) 

2 

4021.45 

Chr  (16) 

3 

a  4448 

CaV  (5) 

a  5210 

Pla  (2  7) 

J  a  3468. 71 

Cyg  (3  8) 

2 

a  4024.45 

Cyg  (29) 

3 

4448.13 

Cet  (i) 

5250.9 

W-R  (37) 

20 

1  a  3468 . 77 

Chr  (10) 

3 

a  4032 . 96 

Sag  (2  4) 

2 

4451.94 

Car  (22) 

6 

5272.4 

W-R  (37) 

15 

J  a  3471.39 

Chr  (10) 

3 

a  4038 

CaV  (5) 

4456.89 

Cet  (12) 

5299 . 8 

Chr  (16) 

3 

[a  3471.47 

Cyg  (3  8) 

2 

a  4040 . 90 

Chr  (10) 

3 

4457 

W-R  (37) 

20 

5302 . 9 

Cor  (8) 

20 

a  3487 . 95 

Chr  (10) 

3 

a  4044 . 08 

Sag  (24) 

2 

4457 . 80 

Car  (22) 

5 

5304 . 8 

W-R  (37) 

15 

a  3493.44 

Cyg  (38) 

3 

4049 

W-R  (23) 

4 

4458 . 62 

Cet  (12) 

5425.29 

Chr  (2i) 

4 

a  3513.93 

Fra  (25) 

4 

4056 . 55 

W-R  (3  7) 

55 

4462.1 

Chr  (16) 

3 

a  5428 

Pla  (2  7) 

a  3561 . 67 

Chr  (10) 

3 

4059 1 

HP  (9) 

10 

a  4465 . 6 

W-R  (37) 

5477 . 00 

Chr  (ll) 

3 

a  3570 . 27 

Fra  (25) 

4 

4068.62 

Neb  (3  7) 

60 

4474 . 70 

Car  (22) 

3 

5490.71 

Chr  (21) 

2 

a  3572 . 47 

Fra  (25) 

4 

4070 

W-R  (37) 

55 

4496 . 6 

Chr  (16) 

3 

5577 . 35 

A  (3) 

a  3573.74 

Chr  (10) 

3 

J 

a  4076 

CaV  (5) 

4511.56 

Cet  (12) 

5577.83 

A  (28) 

a  3576.32 

Fra  (25) 

4 

a  4076  15 

0Au  (15) 

3 

a  4516 

CaV  (5) 

5578.0 

A  (34) 

a  3585.33 

Cyg  (38) 

3 

4076 . 22 

Neb  (37) 

20 

4516.4 

W-R  (37) 

50 

5669 . 3 

Chr  (16) 

3 

3601.15 

Cor  (8) 

15 

4086 

Cor  (») 

6 

4518.30 

Chr  (2i) 

3 

5755 

Neb  (3  7) 

20 

3611 

W-R  (37) 

4086 . 55 

Chr  (16) 

3 

4521.37 

Cet  (12) 

a  5762 

Pla  (27) 

3631 

W-R  (23) 

3 

a  4105.05 

Chr  (io) 

4 

4555 

W-R  37 

20 

5780 . 6 

Chr  (I®) 

4 

3640  5 

W-R  (23) 

3 

a  4109.35 

Chr  (io) 

3 

4559 . 70 

Cet  (12) 

a  5973 

Pla  (27)  | 
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A 

Sym. 

/ 

a  6191 

Pla  (27) 

6302 

Neb  f37) 

10 

6374 

Cor  (8) 

6548 . 1 J t 

Neb  (37) 

70 

6583. 6 U 

Neb  (37) 

110 

a  6677 

Pla  '27 

a  7165 . 57 

Fra  »8 

2 

*  Theoretically 

identified  as 

on 

lines  (#). 

t  Much  too  strong  to  bo  due  solely 
to  He. 

X  Described  by  Harvard  observers 
as  double,  the  more  refrangible  com¬ 
ponent  being  the  wider  and  fainter. 

§  In  o  Ceti  the  bright  lines  other 
than  those  of  H  are  generally  con¬ 
sidered  to  be  lines  of  low  temperature, 
hence  these  lines  can  not  be  identified 
with  the  enhanced  Fe  lines  at  4233.33 
and  4583.90. 

||  Theoretically  identified  as  O III 
lines  (6). 

Probably  involves  enhanced  Fe 
lines  4417.00;  all  the  other  prominent 
enhanced  Fe  lines  occur  in  rj  Carinae. 


X 

Sym. 

/ 

a  7691.58 

Fra  (*8) 

2 

a  8648.41 

Fra  (»8) 

2 

a  9095.01 

Fra  (7) 

i 

a  9255.87 

Fra  (7) 

i 

a  9415.07 

Fra  (7) 

i 

a  9556 . 1 1 

Fra  (7) 

2 

a  9638.45 

Fra  (7) 

i 

**  Probably  identical  in  origin  and 
X;  broad  and  hazy;  possibly,  but  not 
surely,  identical  with  oxygen  line 
4609.40  which  appears  to  behave 
differently  from  other  O  lines. 

ft  These  two  X’s,  obtained  from 
different  records,  probably  refer  to  the 
same  line;  line  is  broad  and  diffuse, 
and  occurred  in  the  later  stages  of  the 
Novae. 

XX  As  neighboring  C  line  at  6577.5 
does  not  appear  in  nebular  spectra, 
6583.6  is  probably  not  the  C  line  at 
6583.0;  it  and  6548.1  are  probably  of 
gaseous  origin,  like  the  great  majority 
of  nebular  lines  of  known  origin. 
Both  have  been  theoretically  identi¬ 
fied  as  N II  lines  (6). 


Table  4. — Conversion  to  Rowland’s  Scale 
X  on  International  scale  +  C  =  X  on  Rowland's  scale.  1'nit  of  X 
and  C  =  1  A  =  10_*  cm 


Range 

of  X 

c 

Range 

of  X 

(' 

2950 

to 

3125 

0 

12 

5400 

to 

55<K) 

0.21 

3125 

to 

3250 

0 

13 

5500 

to 

6050 

0  22 

3250 

to 

3450 

0 

14 

6050 

to 

6500 

0.21 

3450 

to 

4150 

0 

15 

6500 

to 

6570 

0  22 

1  i .')( i 

to 

4350 

0 

16 

6570 

to 

6750 

0  23 

1350 

to 

4550 

0 

.17 

6750 

to 

6850 

0.24 

4550 

to 

5125 

0 

18 

6850 

to 

7000 

0  25 

5125 

to 

5300 

0 

17 

7000 

to 

7200 

0  26 

5300 

to 

5325 

0 

18 

7200 

to 

7400 

0  27 

5:;25 

to 

5375 

0 

19 

74 00 

to 

77(H) 

0  28 

5375 

to 

5400 

0 

20 
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Table  3. — Heads  op  Unidentified  Bands 
For  additional  information  and  list  of  possible  bands  in  sun-spot 
spectra,  v.  (4).  R  indicates  that  the  band  extends  from  the  head 
towards  the  red  end  of  the  spectrum,  V  towards  the  violet.  Unit 
of  X  =  1  A  =  IQ-8  cm. 


X 

Source 

Lit. 

4313.2* 

R 

o  Ceti . 

(32) 

4395.4 

V 

R  types . 

(26) 

4409 . 2 

V 

R  types . 

(26) 

4640 f 

R 

S  types  and  It  Cygni . 

(20,  36) 

4713.0 

R 

o  Ceti . 

(32) 

4736.91 

R 

a  Herculis . 

(32) 

4752. 8 § 

V 

N  types . 

(13) 

4841.6 

R 

o  Ceti . 

(32) 

4855.3 

V 

132  Schjellerup,  etc . 

(13) 

4871.4 

R 

152  Schjellerup,  etc . 

(13) 

4890.1 

X’ 

N  types . 

(13) 

4891.9 

V 

It  tvpes . 

(26) 

4900.9 

R 

78  Schjellerup,  etc . 

(13) 

4906 

R 

152  Schjellerup,  etc . 

(13) 

5438  1 

R 

o  Ceti .  . 

(32) 

5550  f 

It 

It  Cvgni . 

(20,  36) 

5721.2 

R 

115  Schjellerup,  etc . 

(13) 

*  Not  the  hydrocarbon  band  4314.  f  Probably  due  to  ZrO. 

X  Not  tlic  “owan”  band  4737.  §  Probably  due  to  a  C  compound. 


(For  a  key  to  the  p“i«odicals  see  end  of  volume) 
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LOW-TEMPERATURE  LUMINESCENCE 

E.  L.  Nichols  and  E.  Merritt 
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Luminescence  at  low  temperatures  (<1000°C)  maybe  produced 
by  light,  X-rays,  cathode  rays,  radioactive  radiations,  chemical 
reaction,  or  as  a  continuing  after-effect  of  a  luminescence  due  to 
any  cause.  That  which  persists  for  a  time  after  the  withdrawal  of 
the  exciting  cause  is  generally  called  phosphorescence;  that  which 
exists  during  the  excitation  is  often  called  fluorescence,  but  in  this 
section  that  term  is  restricted  to  the  cases  in  which  the  luminescence 
is  produced  by  light,  X-rays,  or  y-rays. 

Some  substances  can  be  caused  to  luminesce  when  pure,  others 
only  when  they  contain  an  activating  impurity,  generally  a  metal. 
The  nature  of  the  luminescence  depends  upon  both  the  substance 
and  the  impurity,  and  its  intensity  varies  rapidly  as  the  concen¬ 
tration  of  the  latter  is  increased,  passing  through  a  maximum  and 
finally  becoming  zero  while  the  concentration  is  still  low.  Cf. 
Table  8;  see  also  (6). 

Table  1. — Intensity  of  Luminescence 
For  variation  with  concentration,  see  Table  8 

B0  =  brightness  of  luminescence  immediately  after  withdrawal 
of  exciting  radiation.  Its  value  depends  upon  the  intensity  and 
the  spectral  distribution  of  the  exciting  radiation,  and  the  latter 
affects  the  ratio  of  the  values  of  B0  for  any  two  substances.  Br  = 
relative  brightness  of  the  luminescence  when  ozone  is  passed 
through  the  solutions  at  a  fixed  rate.  /  =  fluid  solution,  s  = 
solid.  Unit  of  B0  =  1  millilambert  =  0.001  lambert;  of  B,  is 
arbitrary. 

Chemiluminescence  when  ozone  is  passed  through  solutions  of 


csculin  (Ci5Hi6Q9)  (H);  (for  N  and  P  -vapor,  see  Table  9) 


Solvent 

1  Br  | 

Solvent 

1  Br 

H20,  Water . 

1  ' 

3 

CH4(),  Methyl  alcohol. . . 

.  3 

CaHsO,  Propyl  alcohol . 

.1  5 

CjILO,  Ethyl  alcohol.  .  . 

.  .1  5  | 

GjHsO.1,  C.lvcerol . 

0 

Fluorescence  excited  by  I 

'e-spark 

with  light-filter  transmitting  the 

region  between 

ca.  X  = 

0.3M  and  X  =  0.4M  (22) 

Substance 

Bo 

C20I  I  I2O5 

Fluorescein  (4.2  to  5.2). . .  . 

/ 

4.7 

Luciferin  (14.5  to  16) ...  . 

/ 

15.2 

C12H7NO3 

Resorufin . 

/ 

3.0 

Rhodamine  6G  (4.2  to  12) 

/ 

8.1 

Rhodamine  B . 

/ 

5.2 

Tetraehloroeosin . 

/ 

4.2 

ZnS 

Sidot  blende  (3.08  to  10.9) 

5 

7 

Zn2Si04 

Willemite  (synthetic) 

(12.5  to  14) . 

S 

13.2 

Zn2Si04 

Willemite  (natural) . 

S 

5.3 

Cd,(P04)2 

Cadmium  phosphate . 

s 

0.0182 

Uranium  glass . 

s 

7.31 

Table  1. — ( Continued ) 


Substance 

Bo 

(NH4)2U02(S04)2 

NH4  uranyl  sulfate . 

s 

23.0 

U02(N03)2.6H20 

Uranyl  nitrate . 

s 

6.61 

I  02(C2 H  3O2)  2 

LTanyl  acetate . 

s 

5.39 

PbU02(C2H,0,)4.4H|0 

Pb  uranyl  acetate . 

s 

3.75 

CaS 

Balmain’s  paint . 

s 

1.26 

CaC03 

Calcite . 

s 

0. 132 

K3U02F5 

K  uranyl  fluoride . 

s 

4.69 

K2U02(S04)2.2H20 

K  uranyl  sulfate . 

s 

35.2 

IvU02(N03)3 

K  uranyl  nitrate . 

s 

7.53 

Rb2U02Cl4.2  H20 

Rb  uranvl  chloride . 

s 

8.11 

CsU02(N03)3 

Cs  uranyl  nitrate 

s 

5.71 

CsU02(C2H302)  3 

Cs  uranyl  acetate . 

s 

4.56 

Table  2. — Wave-lengths  (X)  of  Crests  of  Bands: 

Photoluminescence 

For  ultra-violet  luminescence  of  128  organic  compounds  in 
alcoholic  solution,  see  (19) 

In  some  cases  only  the  principal  bands  are  here  listed.  C  = 
concentration,  parts  by  weight  or  fraction  of  normal  (N);  N  = 
normal  concentration;  Hg-arc  =  Hg  arc  in  quartz  tube.  Tabular 
values  are  Ao.  Solvent  is  ethyl  alcohol  (C2HsOH)  unless  otherwise 
indicated.  Unit  of  X  =  1  A  =  10-8  cm;  A(l/X)  =  cm-1. 


CgH6,  Benzene 
C  =  Ho 00',  Zn-spark  (8) 
2599,  2635,  2679,  2754,  2827, 
2910. 

C  =  Hooo;  Hg-arc  (33) 


O 

O 

CM 

,  2757, 

2829,  2943. 

c  = 

0.05AT 

;  t  =  —  193°C 

;  Hg- 

arc  (I8) 

3390 

,  3460, 

,  3520,  3570, 

3650, 

3710 

,  3800, 

,  3850,  3970, 

4020, 

4130 

,  4190, 

4290,  4350. 

CgHi;0,  Phenol 

C  = 

Hoooi 

Zn-spark  (8); 

2776 

C  = 

0.05X; 

;  t  =  —  193°C; 

;  Hg- 

arc  (18) 

3510, 

,  3610, 

3710,  3830, 

3960, 

4080. 

CoHr.O 

2,  Hydroquinol 

C  = 

Hooo  > 

Zn-spark  (8); 

3032 

CrH.  O 2,  Resorcinol 

C  ■■ 

=  (?); 

Hg-arc  (33);  3000 

CgH7N,  Aniline 

c  = 

Hooo, 

Zn-spark  (8); 

3084 

c  = 

0.057V; 

t  =  —  190°C; 

Hg- 

arc  (16,  1 7) 

3720, 

3830, 

3960,  4110,  4240. 

c7h6n 

i,  Benzonitrile 

C  = 

=  0.05N;  Hg-arc  (is, 

17) 

3790, 

3810, 

3870,  3950, 

4050 

4120, 

4210, 

4310,  4410,  4510. 

CtHgOo,  Benzoic  acid 
C  =  0.05AT;  Hg-arc  (is.  17) 
3660,  3790,  3910,  4050,  4160. 


C;H603,  p-  Hydroxybenzoic  acid 
C  =  0.0 5N;  Hg-arc  (is,  17) 
3790,  3920,  4050,  4210,  4330. 

C;HS,  Toluene 
C  =  Hooo!  Zn-spark  (8) 
2622,  2646,  2676,  2740,  2809, 
2886. 

C  =  0.051V;  t  =  —  193°C;  Hg- 
arc  (i8) 

3460,  3580,  3650,  3800,  3890. 
4060,  4120, 

CtH^O,  o-Cresol 
C  =  0.057V;  t  =  —  193°C;  Hg- 
arc  (I8) 

3530,  3630,  3740,  3850,  3970. 

C;H,0,  ni-Cresol 
3540,  3620.  3730,  3850,  3970, 
4080. 


CH,0,  p-Cresol 
3630,  3730,  3850,  3980.  4110. 

C;H9N,  Benzylamine 
C  =  0.05N;  t  =  —  190°C;  Hg- 
arc  (is,  17) 

3470,  3600,  3670,  3800,  3910. 

CsH,04,  o-Phthalic  acid 
C  =  (?) ;  Hg-arc  (33);  3100 

C.H:N,  o-Tolunitrile 
C  =  0.051V;  t  =  —  190°C;  Hg- 
arc  (1®,  1 7) 

3750,  3800,  3930,  4000,  4110. 
4180,  4260. 


LUMINESCENCE 


Table  2.- 

CLH:N,  w*-Tol  unit  rile 
3790,  3910,  3960,  4050,  4160, 
4220,  4290,  4440,  4550,  4650. 

C.H  N,  p-Tolunitrile 
3770,  3890,  3950,  4020,  4150, 
4220,  4290,  4450,  4520,  4600. 

CLH,Oj,  Phenylacetic  acid 
C  =  0.05 N;  i  =  — 190°C; 

Hg-arc  (16i  17) 

3440,  3570,  3640,  3790,  3860. 

C,H,02,  o-Toluic  acid 
C  =  0.05Ar;  t  =  —  190°C; 
Hg-arc  ('  6>  1 7) 

3670,  3790,  3920,  4040. 

CsHs02,  wi-Toluic  acid 
3740,  3860,  4000,  4120,  4250. 

C,H,02,  7>-Toluic  acid 
3730,  3840,  3980,  4100,  4240. 

CSH,„,  o-Xylene 

U  =  '  . Zn-spark  (8) 

2603,  2636,  2680,  2713,  2793, 
2896,  2986,  3038,  3135. 

C  =  0.05iV;  t  =  —  193°C; 
Hg-arc  (18) 

3480,  3560,  3610,  3670,  3790, 
3830,  3900,  4000,  4070,  4130. 

C\Hio,  m-Xylene 
(8)  2685,  2715,  2802. 

(»8)  3540,  3610,  3670,  3730, 
3820,  3880,  3970,  4090,  4160, 
4230. 

C^H|0,  p-Xylene 
(8)  2681,  2739,  2801,  2865. 

08)  3550,  3650,  3700,  3770, 
3890,  3950,  4010,  4120,  4190, 
4270. _ 

CsHio,  Ethylbenzene 
C  =  0.05.V ;  t  -  —  193°C; 
Hg-arc  1 1 8 

3450,  3580,  3640,  3780,  3870, 
4050,  4120, 

C»HioO,  o-Methylc  resol 
C  =  0.05.V;  t  =  —  193°C; 
Hg-arc  1 1 8 

3550,  3620,  3760,  3850. _ 

CsHkiO,  m-Methylcresol 
3570,  3660,  3770,  3900,  4000, 

CsHicO,  p-Methylcresol 
3660,  3770,  31KX),  4000,  4120, 

C,H,„0,  Xylenol 
C  =  0.05.V;  llg-arc  (16>  17) 
3570,  3660,  3780,  3890,  4010. 

C.,H7N,  Quinoline 
C  =  1 2000 ;  Zn-spark  (8);  3840 
CSH,:,  Propylbenzene 
C  =  0.05.V ;  t  =  —  193°C; 
Hg-arc  (>8) 

3440,  3580,  3650,  3790,  3890. 
4050,  4130. 


387 


(C  ontinued ; 

C9H12,  Mesitylene 
C  =  1 2  0  0  0 ;  Zn-spark  8 
2698,  2712,  2747,  2786,  2863, 
2972. 

C  =  0.05 .V;  t  =  —  190°C; 
Hg-arc  (l8i  17 

3570,  3620,  3690,  3760,  3850, 
3920,  4000, 

C»H[2,  Pseudocumene 
C  =  0.05.V;  t  =  —  190°C; 

1  Ig-arc  1  U  17 

3560,  3650,  3770,  3880,  4000, 
4120,  4270. 

C,„H,,  Naphthalene 
C  =  MoooJ  Hg-arc  (33) 
3157,  3223,  3269,  3320,  3349, 
3386,  3457,  3500,  3537. 

('  =  '2000;  Zn-spark  (8  1 
3000,  3046,  3098,  3142,  3190, 
3235,  3292,  3340,  3386,  3447, 
3498,  3558,  3627,  3654, 

CiuH-iO,  a-(/9)-Naphthol 
C  =  Moool  Zn-spark  (8) 

Xa  =  3185,  3250,  3379;  X„  = 
3274,  3348. 

CioH9N,  a-(/3)-Xaphthylamine 
C  =  MoooJ  Zn-spark  (8) 

\a  =  3553;  Xp  =  3579. _ 

C 1  „H ,  4,  Cvmene 
C  =  0.05V;  t  =  —  190°C; 
Hg-arc  ( 1 6>  1 7 ) 

3530,  3640,  3730,  3850,  3970, 

C,:Hio,  Diphenyl 
C  =  Mo oo!  Zn-spark  (8) 
2864,  2893,  2921,  2966,  3022, 
3113,  3186,  3321. 

Ci2H,iN,  Diphenylamine 
C  =  >2000;  Zn-spark  (8);  3158 
Ci3H12,  Diphenylmethane 
C  =  1  .Mm,,;  Zn-spark  (8) 
2650,  2684,  2742,  2815,  3736, 
3924,  4144, _ 

CmHs05,  Purpurin  in  ethyl 
ether  (C4IIi0O) 

C  =  (?);  sunlight  (31);  5440 
CuH10,  ^Vnthracene 
C  =  Moooj  Hg-arc  t33) 
3857,  4000,  43(K),  4357. 

C  =  Hoool  Zn-spark  (8) 
3658,  3762,  3897,  4115,  4354, 

CmH.o,  Phenanthrene 
c  =  Mo  00;  Hg-arc  (»*) 
3014,  3100,  3166,  3271,  3.343, 

3400,  3486,  3529,  3557,  3643, 

3700,  3749,  3834,  3943,  4043, 

4243,  4443. 

C  =  Moooi  Zn-spark  (8) 
2971,  2995,  3065,  3154,  3-31, 

3302,  3382,  3439,  3494,  3545, 

3614,  3733,  3797,  3926,  3992, 

4134,  4229. 


CuHioO,  Anthranol 
C  =  MoooJ  Zn-spark  (8, 

2731,  2781,  2829,  2882,  2939, 
2990,  3063,  3119,  3190,  3441, 
3617,  3735,  3930,  4139. _ 

CuHk.Oj,  Esculin 
C  =  (?);  white  light  (26);  4600 
Ci9H16,  Triphenylmethanc 
C  =  MoooJ  Zn-spark  (8) 

2688,  2704,  2757,  2832,  3717, 
3823,  4032,  4258. _  ' 

(LuHJBr.CL,  Eosin  in  water 
C  =  (?);  white  light  (26);  5800 
C2oHsI405,  Erythrosine  in 
gelatin 

C  =  (?);  Hg-arc  (32);  4150 
C21lHi20i,  Fluorescein  in  con¬ 
centrated  n2so4 
C  =  MoooJ  Hg-arc  (33) 

3200,  4700,  5100. _ 

C2oH1404,  Phenolphthalein 
C  =  (?);  Hg-arc  (33);  3000 
Ci  HjnN-iO.S,  Quinine  sulfate  in 
water 

C  =  (?);  white  light  (26);  4370 
C4oH60N408S,  Quinine  sulfate 
C  =  MoooJ  Zn-spark  (8);  3355 
Cyanin  in  gelatin 
C  =  (?);  Hg-arc  (32);  4000 
Ci 3H k O 4 ,  3,  6- 
Dihydroxvxanthone 
C  =  (?);  Hg-arc  (33);  4200 


Rhodamine  in  water 
C  =  (?);  white  light  (26);  5540 


Pt(CN)2  and  double  Pt-cyan- 
ides,  Fe-spark  gives  same  hands 
as  cathode-rays  (3),  see  Table  3. 


U02S04  in  water  (*3); 

C  =  (?) 

4918.3  5133.9  5369.4  5626.8 
5160. 2j5395. 8  5654.0 
5910. 1  6219.5 
5938.8 


UOo(NOj12  in  water  (13); 

C  =  (?) 

5069 . 6,  530 1 . 5,  5554 . 6,  5832 . 9. 


U02(NH 

i4)2(S04)2  in  water 
(l8)j  C  =  (?) 

4912.6 

5124.5  5355 . 4  otK  )7  1 

4934 . 7 

5147  8  5380 .  1  56.33  3 

5881.1 

6184.0 

5908 . 0 

6215.7 

ALO3,  Ruby  in  sunlight  Is) 

—  190°C  (lines)  6918,  6932, 

6!)76,  *  6985,*  7tK)t>,  7036,  group 
at  7060  to  7130. 

+  18°C  (bands)  6590,  6690, 
6760,  6790,*  6926,  6941,  group! 
7016,  7046,  7060,*  7130.  * 

+  225°C  (bands)  6610,  6945, 
6960;  4  diffuse  bands*  at  7016 
to  7130. 

*  Not  recorded  in  extraordinary 
spectrum. 

t  Not  recorded  in  ordinary  speo- 
trum. 

CaCOs,  Calcite;  Fe-spark 
(25);  2  sets  of  bands;*  for  each, 
A(l/X)  =  420  cm"1. 

5084,  5195,  5311,  5432,  5559, 

5692,  5831,  5977,  6131,  6293, 

6464. 

5025,  5133,  5247,  5365,  5488, 

5618,  5754,  5896,  6046,  6203, 

6369,  6545. 

*  Same  sets  for  CaO  excited  by 
H-flame  (l2),  and  in  cathodolumines- 
cence  of  CaO  activated  with  Mn  (34). 

NaU02(C2H.i02)j,  Sodium 
uranyl  acetate  in  water  (13). 

C  =  (?);  6  sets  of  5  bands; 
for  each  set,  AX-1  =  ca.  851 
cm-1. 


4732.5 

4932 . 5 

.-,1  t  s  8 

5384 

4950 . 2 

5167.8 

5404 . 

4762.3 

4964.9 

5184.9 

5424. 

4769.2 

4972. 1 

5192.2 

5431 . 

4785 . 8 
4794 . 6 

4990.2 

4999 . 2 

5221.4 

5463 . 

5642 . 7|  5663 . 4 '5685 . 8j5694  6 

Na2U02(S04)i  in  water 
(13);C  =  (?) 

4891.5  5101 . 2  5330  0  5578 . 5 
5125  4  5354  7  5604  6 


Tablp:  3. — Wave-lenoths  (X)  of  Lines  and  of  Chests  of 
Bands:  Cathodoluminescence 

For  effect  of  solvent  upon  wave-length  of  maximum  brightness  of 
solid  solutions,  see  Fig.  1 


B.  P.  =  boiling  point,  d  =  diffuse,  e  =  edge  of  band,  /  =  fine, 
narrow  band,  g  =  gas  or  vapor,  rn  =  maximum,  n  =  nebulous, 
s  =  strong,  w  —  weak,  D  =  very  diffuse,  D'  =  very,  very  diffuse, 
etc.;  similarly  for  S,  S',  S",  W,  and  W'.  Tabular  value  re  \; 
bands  unless  lines  are  indicated.  Unit  of  X  =  1  A  =  10  cm. 


3171)  50u 
3933.815' 
4240.61 
4455.005 
4878 . 38 


A  (2')  g  at  B.  P.  of  II  5007  15.  5018.3 
Phonphorciiccnco  (afterglow):  4750*,  535 (hr 
(*•)  q  lines  coincide  with  arc  lines  but  differ  in  intensity 


318 1. 43 W 

3630.87 

3644.53 

3706  18 

3737 

064 

3957  22  IP 

3968  63S' 

3973.01 

4108.60 

4226 

'.♦ON 

•1302. 70u> 

4355  50« 

4425.60 

4435  17« 

4435. 

HHtc 

•1456 .  10ic 

4527  35« 

4581 . 77 ic 

4586. 22 

4685 

35 

504 1 . 83 tr 

Cd  (9»  20  1  o  single  line  sp«-<*trur  J-'-o  17 


2  S.S 


INTERNATIONAL  CRITICAL  TABLES 


Table  3 . — ( Contin  ued) 
Dy  in  AI2O3  (29)  solid  solution 


4478 

4500 

451 9w 

4545 

4571s 

4601 

46948 

4709S 

47218 

47615 

4768S 

4788S 

48098 

4837  w 

4861S' 

4895 

4919s 

4924s 

4940 

4050 s 

49708 

4991u> 

5544w 

5652 

5660 

5690™ 

574  lw 

5770 

5803S 

58188 

5833  W 

58806’ 

58918 

5945s 

5961 

6545  IF' 

6720  IF 

Dy  in  CaO  (3 

6)  solid  solution,  concentration  =  1  %  Dy20a 

4540 

4728 

4748 

47978 

48908 

5708 

5830* 

58486* 

5958 

67508 

Dy  in  CaWO<  (29)  solid  solution 

4479 

4546s 

4620  IF 

4090D 

4739 

4782s 

4868s 

5063  W 

521 2w 

5342s 

5449s 

5490 d 

5511 

5606 

5656 

5690s 

57478 

5787s 

5816s 

0022  W 

6450  W 

6588sd 

6662 d 

Er  in  CaO  (3 

6)  solid  solution,  concentration  =  1  %  Er2C>3 

40408 

40858 

4095 

4460 

4520 

4550S 

45908 

5280* 

5330* 

5595 

Eu  in  AI2O1  (2 

9)  solid  solution 

604 Own 

5438d 

5584d 

5509s d 

5995sd 

6158Sd 

6304d 

6588 d 

6930sd 

Eu  in  CaO  (3 

6)  solid  solution,  concentration  =  1  %  EmOs 

41 60S 

41958 

42458 

42608 

4330 

4466 

4490 

4655 

4685S 

4755 

5405 

5895S 

5930S 

5970 

61288 

6155* 

6180* 

62458 

Eu  in 

CaWOt  (29)  s 

olid  solution;  rose  color 

4  100c 

5350 m 

5720e 

5901 

5952 D 

60610 

6110s 

6148S 

6199 

6545 D 

Fe  (1S)  g  lines  coincide  with  arc 

lines 

3440.762 

3441.155 

3570.273 

3581.349s 

3609 . 008w 

3618. 919w 

3631 . 605w 

3647. 988w 

3680. 069  IP 

3687. 610  IF 

3705. 708w 

3720 . 0848 

3722. 729w 

3727.778 W 

3735.014s 

3737.281s 

3745.717s 

3748.408 

3749.631 

3758.375 

3763. 945w 

3767. 341  IF 

3813. 100  IF 

3815. 987w 

3820.586 

3824.591 

3826.027 

3834. 364w 

3840. 580  IF 

3856 . 524 

3860. 055S 

3878.720 

3886.434 

3920. 4 lOw 

3923.054 w 

3928 . 075w 

3930. 450w 

4045. 975w 

4308.081  IF 

4325. 939  IF 

4383.720 

4404.92714 

Fro.  1. — Wave-length  (Xm)  of  maximum  intensity  of  cathodo- 
luminescence  of  solid  solutions:  Effect  of  solvent  (34). 

In  each  section,  the  activating  metal  (Bi,  Cu,  Mn,  or  Pb),  and  at 
each  point,  the  corresponding  solvent  is  indicated.  M  =  molecular 
weight  of  solvent. 


Ga  in  CaO  (3S)  solid  solution,  concentration  =  1  % 
3088.5*  3094.0*  3134. 0t  3140. 5St  3144  Of 

3153. OS*  3155.5*  3158. 5S* 


3052.9 

3128.9 
3189.4 
3285.4s 
3533  3s 


Hg  (9,  20)  g  singie  i;ne  spectrum:  2536.72 
Mg  (9.  20)  g  single  line  spectrum:  2852.22 


N  (21)  g  at  B.  P.  of  H:  S556S,  5617s,  5654 
Phosphorescence  (afterglow):  5231s 


Na  (39)  a  lines;  those  marked 


3055.4 

3073.9 

3134.9 

3149.0 

3213.6 

3225. 8w 

3302.8 

3304 . 8 

3536.5 

3576 

N  are  attributed  to  nitrogen 


3077.4 

3158.8 

3235.0 

3318.2 

3582 


3078. 9w 

3163.9 

3257.9 
3327 . 6 
3631.6s 


3092 . 3s 
3169. 2w 
8274 .  1 
3371s 
3710.8 


Na. — ( Continued ) 


3754  8 

3805. 1 

3882.6 

3884 . 8 

3894.0 Nw 

389C .  6AI 

3898 . 8A' 

3901 . 3N 

3903 AT 

3905 V 

3907 N 

3908. 7 JV 

39 14A's 

4236 

4248u* 

42o2Nw 

4256 N 

4259 

4262.Vw 

4265A'w 

4  268  A"  w 

4270 .Vic 

4271.5 Nw 

4273.  OA’w 

4278.2 

4308. 7w 

4321.4 

4324.7 

4341.  1 

4344 . 0 

4389.4 

4392.8 

4404 . 8 w 

4418. 6w 

4421.9 

4448to 

4454.5 w 

4481.5 

4484  5 

4490w 

4493.8 

4497.3 

454 1  3 

4544 . 8 

4664 . 7s 

4668.4s 

4710w 

4748.3 

4752.2 

48">2w 

4979 . 3s 

4983.5s 

5149.2 

5153.7 

5221.0 w 

Bands: 

5700 

5744 

5792 

5843 

5894 

5946 

6000 

6053 

6112 

6164 

6218 

6276 

6328 

6388 

6455 

6515 

6565 

Nd  in  AlaOa 

(29)  solid  solution 

3613n, 

3634 

3651n 

366  lw 

366 5d 

3670d 

3685 w 

3917w 

3923c 

3930c 

39438 

4006s 

40388 

40698 

4081s 

4306e 

4310c 

4340s 

4415c 

4426e 

4439e 

4453c 

4466c 

4472c 

4482c 

4495e 

4589c 

4595c 

4626c 

4645c 

4673w 

4709s 

4851 

48848 

4913s 

4948u> 

5305S 

5505s 

5672 

Nd  in  CaO  ( 

36)  solid  solution,  concentration  =  1  %  Nd2Oa 

3920S 

3980 

41908 

42208 

42308 

42955 

45758 

Nd  in  CaWO 

(29)  solid  solution,  continuous  spectrum, 

blue 

Pr  in  CaO  ( 

36)  solid  solution,  concentration  =  1  %  Pr2Oa 

48758 

4940 

5170 

60458* 

60658* 

6150t 

6200t 

62608 

6340S 

Pr  in  CaWO, 

(29)  solid  solution 

4756 D 

4874S 

4989d 

5092D 

5189D 

5284D 

5324 S 

541 2d 

5495 wd 

5574w 

5683sd 

5748 IFd 

5773  IPd 

5940d 

6034s 

6100  Z) 

6194s 

6278 

6394 

6500 S 

65-1  Owd 

Pt(CN)2  and  double  Pt-cyanides  of  Ba,  Ca,  K,  K2Ca,  KLi,  KNa,  Mg,  NH«. 
Na,  and  Sr  (3).  Positions  of  bands  are  same  for  all,  but  relative  intensities 
differ;  positions  depend  upon  hydration. 


Dehydrated  salts: 

4100 

4300 

4620 

4740 

5370 

5780 

6480 

6560 

Salts  not  dehydrated: 

4140 

4300 

4610 

4720 

4920 

5340 

5760 

5920 

6370 

Sa  in  AhO,  (2 

9)  solid  solution 

4700n 

4850n 

5079  IF 

5175  IF 

5353wd 

5440w 

5465w 

5550 

56448 

57308 

5817s 

5857w 

5909 

5990 

61078 

61948' 

6230/ 

6265S 

6387u> 

6505w 

6618 

6753 

Sa  in  CaO  ( 

36)  solid  solution,  concentration  =  1  %  SasOs 

5486 

5561 

56838 

5762 S 

60528* 

6150S* 

6265 

6605f 

6740t 

Sa  in  CaWO,  (: 

29)  solid  solution 

5272c 

5300m 

5460c 

5545 d 

5628s 

5689d 

5885 d 

59528 

59948 

6050 S 

6072S 

6 124d 

6368d 

6420S 

6460S 

6544d 

7100w 

7900  IF 

Tb  in  AlsOj  (2 

9)  solid  solution 

3532 IF 

3543n 

3565n 

359  In 

361  In 

3646 w 

3653w 

3660w 

3685 

3702s 

3760s 

3778s 

3795s 

3797 

38128 

38288 

3847s 

3853s 

3889S 

3906S' 

3986e 

4014 

40298 

4099 

4102S 

4121e 

4122ic 

4131tc 

4141s 

4159s 

4170w 

4180 

41918 

4212s 

42298 

42308' 

4306 

43308 

4369S 

4392S" 

44148' 

4437S' 

4461S 

4490S 

4554 

4600S 

46068 

4664w 

4743s 

4767s 

4788s 

4813w 

4832 

4862S 

4878c 

5009 

50188' 

5454n 

55178 

55738' 

5807 

5856 

58S6w 

5920s 

5989n 

6264s 

Tb  in  CaO  ( 

3S)  solid  solution,  concentration  =  1  %  TbsOs 

3770S 

37878 

3805S 

3880S 

39008 

4180S 

41 90S 

42008 

42108 

4350S 

43708 

43958 

4855S 

54258 

5495 S* 

55218* 

55508 

58438 

58788 

5955S 

60178 

63308 

Tb  in  CaWO,  ( 

29)  solid  solution 

3720  W 

3762tc 

3789 

3819 

3853 

4100 

4140s 

4168 

4243u> 

431  lw 

4332w 

43558 

4379 

4398 

4427 

4563 

4588 

4707 

4738 

4759 

4859 S 

4879S 

4906s 

4951s 

4990u> 

5425c 

5458 S' 

549  IS' 

5517s 

5808 

5839 

588  IS 

5891s 

5951 

5979  IF 

6168s 

62143 

6257s 

6293d 

64 12d 

6456d 

6542 

6717s 

6822  IF 

7400  IF 

Zn  (». 

20)  g  single  line 

1  spectrum : 

3075.99 

*  Overlaps  the  similarly  marked  adjacent  band. 

t  Ov 

crlaps  the  similarly  marked  adjacent  band. 

LUMINESCENCE 
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Table  4. — Wave-lengths  ( X  i  of  Crests  of  Bands: 

(  'hemilumi  nescence 

Certain  chemical  reactions  proceeding  at  low  temperatures 
give  rise  to  luminescence.  The  bands  recorded  below  are  due  to 
oxidation,  s ,  w  =  strong,  weak;  .S',  IT  =  very  strong,  very  weak. 
Tabular  values  are;  X  unit  =  1  A  =  10-8  cm. 

P,  Phosphorus  (7) 

238  HU  2387  IF  2398s  2454s  2458.S  2474.S 

2507  IF  2517 W  2531JF  2544  W  2579  IF  2587IF 

2613  IF  3339  IF 

For  brightness  and  efficiency  of  luminescence  of  N  saturated 
with  P- vapor,  see  Table  9. 

CeHoOj,  Pyrogallol  (30);  4590  (width  =  350  A) 

Table  5. — Wave-lengths  (X)  of  Crests  of  Bands: 
Luminescence  Excited  by  Flames,  X-rays,  and 
Radiations  from  Radioactive  Substances 
FI,  X,  RR  =  excitation  by  flame,  X-rays,  radioactive  radiations. 
C,  Diamond  (30)  RR:  4030*  4120,  5510 

Cb203,  Fl(23)  two  sets  of  bands:  4831,  5500,  6748;  and  5020,  5747, 

6196. 


BaPt(CN)« 

RR  (30) 

5430  to  6040 

wide  crest 

BaPt  (CNR 

X  (2) 

continuous  spectrum 

BaS04 

X  (28) 

3120  to  4760 

crest  3640 

2700  to  5000 

crest  3830 

CaPt(CN)4 

RR  (30) 

4770  to  5170 

crest  4900 

Cal2 

X  (28; 

4170  to  5000 

crest  4570 

5130  to  5880 

crest  5520 

Cul2 

X  (28) 

4080  to  4760 

crest  4350 

Ugli 

x  (28) 

5400  to  5710 

crest  5560 

KLiCl2 

X  (28) 

2780  to  3330 

crest  3100 

3850  to  5000 

crest  4500 

K2Pt(CN)4 

X  (2) 

continuous  spectrum 

KLiPt(CN)4 

RR  (30) 

5550  to  5970 

crest  5760 

KNaPt(CN)4 

RR  (30 

5340  to  5790 

crest  5670 

Li2Pt(CN)4 

X  (2) 

continuous  spectrum 

LiRbPt(CN)4 

RR  (30) 

5400  to  5820 

crest  5590 

MgPt(CN)4 

X  I3) 

continuous  spectrum 

(NH4)2Pt(CN)4 

X  (2) 

continuous  spectrum 

Rb2Pt(CN)4 

RR  (30) 

4600  to  4850 

crest  4760 

Rb2Pt(CN)4 

X  (2) 

continuous  spectrum 

Th[Pt(CN)4)j 

X  (2) 

continuous  spectrum 

ZnO 

X  (28) 

4350  to  5130 

crest  4830 

5400  to  5880 

crest  5630 

*  Exposure  twice  as  long  as  for  preceding  entry. 


Table  6. — Flame  Excitation:  Temperature  Limits  (27) 
Certain  substances  luminesce  below  1000°C  when  placed  in  that 
portion  of  a  II-fiamc  which  lies  between  the  reducing  and  the 
oxidizing  zones.  The  temperature  limits  (<t  and  <2)  between 
which  luminescence  occurs,  and  the  color  of  the  luminescent  bands 
are  given  below. 


Substance 

u,  °c 

ft,  °C 

Color 

A120, . 

55 

692 

Pale  green 

CaF2 . 

58 

310 

Yellow-green 

CaO . 

0 

600 

Red 

CaO . 

40 

725 

Green 

CaS . 

60 

330 

Blue-green 

CbjOi . 

(?) 

(?) 

see  Table  5 

Cd,(P04), . 

50 

733 

Yellow 

MgO  . 

75 

680 

Blue-green 

SiO, . 

85 

367 

White 

ZnO. . 

568 

704 

Red 

ZnO . 

704 

948 

Green 

ZnS . 

0 

123 

Yellow 

ZnS . 

211 

575 

Blue-green 

ZrOj . 

76 

372 

Blue-green 

ZrO, . 

440 

720 

Red 

Table  7. — Frequency  Intervals  between  Bands 
A„[A|)  =  interval  in  1/X  between  adjacent  members  of  a  set  of 
bands  in  the  absorption  (luminescent)  spectrum.  Frequency 
intervals  are  CA„  and  CA(.  Unit  of  A„  and  of  A(  =  1  cm.-1 
Uranyl  (U02)  compounds  (24j;  for  absorption,  see  i4) 


Compound 

A/ 

A„ 

C  Sol  l  )ol  I4 . 

834.4 

705  4 

K2U02C14.2H20 . 

835.8 

702  2 

(NH4)2LT02C14.2H20. 

833 . 2 

710  6 

RbjUOs<  'l4. 2U,o . 

835 . 0 

70S  4 

U02S04.3H,0 . 

852.0 

696 . 0 

Cs2U02(S04)2.2H20 . 

857 . 0 

704 

K2U02(S04),.2H20 . 

830.0 

703  0 

(NH4)2U02(S04)2.2H20 . 

837 . 0 

703  0 

Na2U02(S04)2.3H20 . 

843 . 0 

713.0 

Rb2U02(S04)2.2H20 . 

832.0 

698  0 

U0t(N0j)2.6H20 . 

859 . 0 

714  3 

NH4U02(N0,), . 

877 . 0 

743 . 7 

(NH4),U02(N0j)4.2H20  . 

842.8 

698.7 

KU(  )o(  N  O3)  3 .  . 

869.0 

730.7 

K*U02(N03)4 . .  . 

867 . 2 

734.0 

U02(C2H302)2  (acetate) . 

859 . 6 

710.4 

U02(C2H,02)2.2H20 . 

857.2 

723 . 5 

AgU02(C2H302)3 . 

847.4 

700.1 

Ba(TO,  ,((’,I13( ) .  ,  .011  < ) . 

850.8 

713  6 

Ca(U02)j(C2H302)#.8H20 . 

838 . 8 

705.4 

KU02(C2H302)3 . 

845.7 

691.8 

LiU02(C2H302)s.3H20 . 

845.0 

702.7 

Mg(U02)2(C2H»02)«.7H20 . 

851.9 

706.0 

MnU02(C2H30»)4.6H2() . 

851.9 

712.5 

NH4U02(C,H,02)3 . 

844.0 

701.9 

NaU02(C2H302)3 . 

852.2 

704.6 

PbU02(C2H302)4.4II .() . 

851.2 

712.1 

RbU02(C2H302)3 . 

848.6 

707.8 

Sr(U02)2(C2H.,02)6.6H2() . 

847.4 

701.1 

Zn(U02)2(C2H302),.7H20 . 

845.1 

707 . 7 

Fio.  2. — Mean  frequency  interval  between  bands  of  rnthmio- 
luminescence  of  solid  solutions:  Effect  of  atomic  weight  of  activating 
element  (14). 


Elements  in  solid  solution  in  CaO;*  cathodoluminescence  34 


Sets  1 

•M  1 

1 

Sets 

Aj 

Ag . 

2 

|  212 

|  Bi . 

1 

146 

A1 . 

1 

598 

2 

2(  12 

Ba . 

1 

199 

Ca . 

2 

426 

2 

203 

2 

512 

Be . 

2 

1145 

1  Cb . 

1 

215 

2 

255 

•  CaCOi  excited  by  Fe-apark  (**),  CaO  excited  by  H -flame  ;  '*),  and  cathod* 
olumineaccnce  of  CaO  activated  with  Mn  (,4),  all  emit  the  same  two  acne*  cf 
band*  characteriiod  by  Ai  ™  420  cm"1;  see  Fig.  2. 
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Table  7. — (Continued) 


Sots 

A, 

1 

Sets 

i  A, 

Cd . 

1 

187 

Mo  ( Continued ) . 

2 

236 

2 

226 

Na . 

2 

700 

Ce . 

1 

172 

Nb . 

see  Cb 

2 

223 

Nd . 

1 

183 

Co . 

2 

322 

2 

201 

2 

399 

Ni . 

2 

367 

Cr . 

2 

Pb  . 

1 

165 

2 

423 

2 

185 

Cu . 

2 

340 

l’r . 

1 

170 

Dy . 

2 

182 

2 

218 

Er . 

2 

183 

Rb . 

4 

256 

Fe . 

2 

374 

I  Sa . 

1 

167 

Ga .  . 

3 

302 

2 

208 

Gd . 

2 

186 

Sb . 

1 

191 

Gg . 

2 

284 

2 

212 

G1 . 

Sn . 

1 

199 

Hg . 

1 

171 

2 

206 

2 

180 

Sr . 

2 

225 

Ho . 

1 

186 

2 

275 

K . 

2 

465 

Ti . 

2 

424 

2 

512 

T1 . 

1 

174 

La . 

2 

196 

V . 

2 

392 

Li . 

1 

1218 

2 

405 

2 

1236 

Yt . 

1 

223 

Mg . 

1 

657 

2 

243 

Mn . 

2 

340 

Zn . 

2 

326 

2 

420 

Zr . 

1 

227 

Mo . 

2 

209 

2 

242 

Other  substances 


Substance _ |  Excited  |  Series  |  A;  |  Lit. 


CaO . 

H- flame 

L  2 

420 

(12) 

CaOOj . 

Fe-spark 

1,  2 

420 

(25) 

<+•..<  > . 

H-flame 

1,  2 

210 

(23) 

Table  8. — Variation  of  Luminescence  with  Concentration 


B  =  brightness;  C  =  m/M,  m[M]  =  mass  of  substance  [of 
solvent*];  e  =  too  weak  for  measurement.  For  each  mixture  the 
excitation  is  same  for  all  values  of  C.  Unit  of  B  is  arbitrary. 


Type 

Cathodoluminescence 

Fluorescence  (38) 

Substance 

Sm203 

MnO 

MnO* 

Fluorescein  (C2oH1206) 

Solvent 

CaO 

CaO 

Ca3(P04)2 

H20  with  trace  of 

(6.1) 

(6.1) 

(6.2) 

NH4OH 

c 

B 

c 

B  C 

104Rf 

0 

l 

0.5 

0 

5  X  10-‘J 

21.8 

0.001 

0.00001 

1 

2 

€ 

1  X  10-“ 

20.6 

0.002 

0.00010 

2 

4 

€ 

2  X  10"8 

18.7 

0.004 

0 . 00055 

4 

G 

4  X  10— 8 

18.8 

0.007 

0.0010 

6 

9 

8 

8  X  10"8 

17.1 

0.014 

0.0018 

8 

16  X  10~8 

17.2 

0 . 028 

0 . 0020 

16 

6  X  10~6 

17.2 

1.0 

0 . 0050 

21 

12  X  10-6 

17.3 

2.1 

0 . 0055 

10 

10 

25  X  10“« 

15.7 

3.9 

0.010 

9 

9 

20 

5  X  10-5 

14.3 

7.2 

0.013 

8 

8 

1  X  10-* 

10.2 

10.2 

0.03 

7 

2  X  10-" 

4.39 

8.8 

0.05 

6 

4  X  10-* 

1 

4.0 

0.06 

6 

0.1 

4 

e 

0.3 

0 

0.4 

4 

1 

0 

1 .0 

0 

0 

0 

*  For  the  solvent  Ca3(P04)t,  is  mass  of  the  equivalent  amount  of  CaO. 

t  Computed  from  B/C,  which  is  corrected  for  absorption  and  radiation  other 


than  that  due  to  active  molecules. 


Table  9. — Miscellaneous  Data 
Fatigue  (,4). — Esculin  (CisILsOj)  in  Il2(),  concentration  = 
4  in  100  000,  continuous  excitation  by  Hg-arc  in  Si02  tube,  time  (t) 
measured  from  beginning  of  exposure,  brightness  (B)  in  an  arbi¬ 
trary  unit. 


T . 

0 

3 

6 

10 

15 

21 

25 

31 

41 

55  j  min 

B . 

83 

68 

57 

39 

22 

12 

7 

3 

2 

1 1 

If  55  >  t  >  21  min,  B  °-5  =  —0. 15  +  0.021r. 


Decay  of  Luminescence  (35).- — N  at  pressure  =  0.22  mm  of  Hg, 
excitation  by  electrodeless  discharge  for  3.95  sec,  time  (r)  measured 
from  end  of  excitation,  brightness  (B)  in  an  arbitrary  unit. 


3.70 

5.85 

8.85 

11.30 

14.60 

19.50 

100 

50 

25 

15 

10 

6 

For  this  range  of  r,  B~0  i  =  +0.026  +  0.020t. 

Energy  Emitted  during  Phosphorescence  (10). — ZnS  activated 
by  Cu,  1  g  Cu  to  10s  g  ZnS.  Total  light  =  0.248  candle-second 
per  cm2;  total  energy  =  6680  erg  =  22.5  kg-cal  per  g-atom  of 
Cu  =  0.42  quantum  of  radiation  (X  =  5330  A)  per  atom  of  Cu. 

Efficiency  of  Chemiluminescence  (' ). — N  saturated  with  vapor 
of  P  at  25°C.  B  =  0.0215  millilambert,  efficiency  =  1.1  lumen 
per  kilowatt  of  energy  emitted  during  the  reaction. 

Effect  of  Pressure  (p)  upon  Luminescence  of  N  (35). — Excited  by 
continuous  electrodeless  discharge;  brightness  (B)  in  an  arbitrary 
unit. 


0.080 

0.106 

0.144|0. 192 

0 . 257 

0.323 

0 . 440  mm 

63.3 

173 

364  1  902 

2  200 

4  576 

20  400 

B  =  129  000/P. 

Variation  of  Fluorescence  with  Depth. — Owing  to  absorption,  the 
intensity  of  the  active  constituents  of  the  exciting  radiation  pro¬ 
gressively  decreases  as  the  radiation  penetrates  the  substance;  the 
brightness  ( Bx )  of  the  fluorescence  excited  in  the  layer  at  depth  x, 
likewise  decreases.  The  values  of  Bx  for  (a)  uranium  glass,  ( b ) 
quinine  sulfate  (C40H5oN408S)  in  H.O  with  trace  of  HN03,  and 
(c)  fluorescein  (C2oHi203)  in  H20  with  trace  of  NaOH  are  as 
follows  (t  t) : 


Unit  of  x  =  1  mm;  of  Bx  is  arbitrary 


X 

a 

b 

c 

0 

4.60 

4.20 

1.72 

1 

3.31 

2.88 

1.11 

2 

2.24 

2.04 

0.54 

3 

1.70 

1.59 

0.34 

4 

1.37 

1.10 

0.17 

5 

1.14 

0.76 

0.12 

6 

0.95 

7 

0.60 

8 

0.48 

9 

0.36 

V  ithin  about  ±  10  %  these  can  be  represented  by  the  expression 
Bz  =  B0e~^  where  =  0.28,  y„  =  0.34,  =  0.56.  The  value 

of  y  will  vary  with  the  concentration. 
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There  are  several  distinct  types  of  fluorescence  in  gases: 

1.  1’he  simplest  type  is  an  atomic  phenomenon  in  which  the 
emitted  radiation  has  t lie  same  frequency  as  the  exciting  light 
(8,  is,  so,  53)  This  has  been  called  resonance  radiation.  The 
following  table  shows  the  wave-lengths  (X)  which  have  been  used 
to  excite  such  radiation  in  various  vapors  (unit  of  X  =  1  A). 


Vapor  i _ X _ |  _ Lit. _ 

Bi .  2277,3068  (42,57) 

Cd  .  2289,  3262  (2  2,  4  3) 

Hg  .  1849,2537  (3,12,16,19,21,39, 

40,  41,  51,  61,  64, 
71) 

Li .  6708  (i) 

Na .  3303,5890,5896  (56,60,66) 

Pb .  2833  (42,  57) 

T1 .  2768,3776  (28,42,  57) 

Zn .  2139,  3075  ,  (52,  59) 


2.  In  some  cases  an  atomic  vapor  will  emit  certain  lines  of  its 
arc  spectrum  of  wave-lengths  different  from  those  of  the  exciting 
light  (' 4>  42,  57).  Such  lines  are  said  to  be  optically  excited. 

Many  of  the  mercury  lines  have  been  excited  in  this  manner  and 
also  XBi  =  4723;  XPb  =  3640,  4058;  XTh  =  5351,  3530  A. 

3.  In  a  third  type,  which,  is  a  molecular  phenomenon,  a  spectrum 
of  20  to  40  lines  is  emitted,  one  line  being  of  the  same  frequency 
as  that  of  the  exciting  radiation,  one  to  three  lines  being  of  higher, 
and  the  remainder  of  lower  frequency  (6>  23>  25i  27,  3<b  32,  33,  34, 
36,  38,  47,  56,  62,  68,  69)  Such  spectra  are  called  resonance 
spectra.  In  the  vapors  of  I,  Xa  and  K  they  have  been  excited  by 
a  great  number  of  wave-lengths. 

4.  In  a  fourth  type  there  is  no  simple  relation  between  the  emit¬ 

ted  and  the  exciting  radiation  (7i  9i  26>  31,  35,  37,  42,  46,  54,  57). 

In  this  type  the  emitted  spectrum  usually  consists  of  many  lines, 

in  some  cases  it  contains  bands,  and  with  Hg-vapor  at  pressure  of 

0.45  mm  Ilg  it  seems  to  be  continuous  from  the  yellow  to  3000  A. 

This  type  has  been  observed  with  many  pure  gases,  and  with  the 

vapors  of  Hg,  I,  K  and  Xa  when  they  are  mixed  with  other  gases. 

In  some  cases  the  exciting  radiation  may  be  changed  through 

wide  limits  without  producing  any  change  in  the  character  of  the 

emitted  radiation. 

Polarization  (5,  17,  20,  32,  33,  44), — jn  absence  of  a  mag¬ 

netic  field,  the  radiation  in  types  1  and  3  is  generally  polarized  in 

the  same  direction  as  the  exciting  light.  The  amount  of  polariza¬ 

tion  depends  upon  the  gas  and  upon  many  external  conditions, 

and  in  some  cases  is  greatly  affected  by  a  weak  magnetic  field. 

The  radiation  in  type  4  has  never  been  found  to  be  polarized. 

Effect  of  Magnetic  Fields  (2i  I0>  1 1  >  15t  24,  49,  55,  58,  67,  70 ), — 

Magnetic  fields  are  known  to  affect  the  polarization  and  intensity 


of  the  radiation  in  type  1,  and  the  intensity  in  type  3.  The 
effect  on  type  1  varies  with  the  direction  of  emission,  and  depends 
on  the  direction  of  the  field  with  respect  to  the  direction  and  plane 
of  polarization  of  the  incident  light.  In  this  respect  resonance 
radiation  is  very  sensitive,  responding  markedly  to  a  field  strength 
of  one  gauss  in  the  case  of  IIg2537,  and  to  a  field  strength  of  less 
than  100  gauss  for  the  I)  lines  of  sodium. 

Observations  on  type  3  have  shown  that,  tit  least  in  the  case  of 
iodine  vapor,  the  fluorescence  is  practically  extinguished  in  fields 
stronger  than  30  000  gauss. 

General  discussion  of  fluorescence  of  gases  (4»  45,  63) 
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INTRODUCTION 

Spectral  Series. — In  most  line  spectra  there  have  been  found 
certain  groups  of  lines  which  are  distributed  in  a  regular  manner. 
Each  of  these  groups  is  called  a  spectral  series.  In  any  series  the 
wave  number  ( 1  /  X)  of  every  line  can  be  written  as  a  difference 
between  two  spectral  terms  (1/X  =  T  \  —  7’2) — combination 
principle  of  Rydberg- Ilitz  (76>  234).  Throughout  this  report  X 
is  the  wave-length  of  the  line  in  a  vacuum.  For  each  spectrum, 
the  terms  (T),  which  are  much  less  numerous  than  the  lines,  can  be 
arranged  in  sequences  characteristic  of  the  element  producing  it. 
On  Bohr’s  theory,  hc(  =  hc  .  X)  =  E-i  —  E i,  where  Ei  and  E\ 
denote  the  energy  of  the  emitting  atom  in  two  “stationary”  states; 
on  this  theory,  except  for  an  additive  constant,  T\  =  —E i/hc, 
T»  =  —Ei/ he.  Hence  the  spectral  terms  are  often  called  energy 
levels  of  the  atom. 

If  we  neglect  the  “fine  structure”  of  the  lines,  atoms  containing 
only  one  electron  external  to  the  nucleus  (H,  He+,  etc.)  emit 
spectra  having  only  one  series  of  terms;  Tn  =  Nh/tu 2,  Tue+  = 
4Nho/wj,  where  N h  =  109  677.7  cm-1,  Nn?  =  109  722.1  cm-1, 
m  =  1,  2,  3,  .  .  .  ,  oo .  N  is  called  the  Rydberg  constant,  or 
wave-number,  and  on  Bohr’s  theory  its  value  for  an  atom  of  mass 
M  is  Nm  =  2tt2  m0e4h-3c~l  M/(M  +  m0)  =  N„M/(M  +  m„). 
The  best  available  values  for  Nu  are  109  677.7  ±  0.2  (16) 
and  109  677.26  +  0.23  (246);  the  former  is  used  by  Paschen 
(228)  and  others,  and  is  accepted  for  this  report.  Taking  Mu/ m0 
=  1847  (c/.  Vol.  1,  p.  18),  this  gives  Nm  =  109  677.7  +  59.37 

1  —  At  ^wt  )  aPProx-  anc*  =  109  737.1;  the  latter  differs 

notably  from  the  value  derived  from  the  fundamental  constants 
accepted  for  the  I.  C.  T.  (c/.  Vol.  I,  p.  17,  18),  the  difference 
arising  from  slight  errors  in  the  accepted  values  for  e,  h,  and  e/m<), 
especially  the  latter. 

If  the  atom  contains  more  than  one  external  electron,  there  is 
more  than  one  sequence  of  terms.  The  different  sequences  are 
generally  designated  by  the  letters  s,  p,  d,  /,  .  .  .  ,  and  the 
general  terms  by  ms,  mp,  .  .  .  (sometimes  by  (m,  s),  (m,  p), 
.  )  where  m  is  an  integer.  In  the  simplest  case  the  general 
scheme  is  as  shown  in  (1) 


2s 

3s 

4s 

5s  . 

.  ms  . 

2  P 

3p 

4  P 

5p  . 

.  mp  . 

3d 

4  d 

5  d  . 

.  md  . 

4/ 

5/  • 

.  mf  . 

5<7  . 

.  mg  . 

?nh  . 

In  each  sequence  the  value  of  the  term  approaches  zero  with 
increasing  m  and  often  can  approximately  be  represented  by 
Nst/{tn  +  a)1,  where  a  is  a  constant.  For  closer  approximations, 

1  This  section  contains  data  and  bibliography  to  March,  1928,  but  the  report 
was  originally  prepared  in  1925  and  it  has  been  impossible  to  change  the  nota¬ 
tion  and  the  arrangement  of  the  tables  so  as  to  make  them  accord  with  the  more 
recent  theoretical  work  (see  C 1 2  5 ) ) .  The  numerous,  more  or  less  isolated,  sets 
of  multiplets  which  have  been  discovered  are  included  by  literature  reference 
only.  All  additions  to  the  1925  report  have  been  made  by  V.  Thorsen,  who  also 
took  part  in  the  preparation  of  that  report. 


see  (76);  c/.  (90).  In  most  spectra  the  p-terms,  d-terms,  .  .  . 
are  multiple,  being  divisible  into  2  or  more  sequences,  denoted  as 
mp\,  mpi,  .  .  .  md\,  mdi,  .  .  .  In  many  spectra  2  or  more  such 
systems  of  multiple-term  sequences  with  different  multiplicities 
occur,  the  different  systems  in  any  spectrum  exhibiting  either  all 
even  or  all  odd  multiplicity.  In  several  spectra  there  is  in  addition 
a  distinctly  different  scheme  of  terms  in  which  the  members  of  a 
sequence  are  approximately  represented  by  the  expression  .4  + 

Nm 

— r;.  These  terms  are  called  anomalous,  displaced,  or 
(m  +  «)2  ’  y  ’ 

primed  terms. 

Permissible  Lines. — When  more  than  one  sequence  of  terms 
exists,  we  do  not  find  lines  corresponding  to  the  differences  of  all 
possible  pairs  of  terms,  but  only  of  certain  particular  pairs.  For 
the  simplest  case,  scheme  1,  lines  are  rarely  found  except  for  the 
cases  indicated  in  Table  1;  these  correspond  to  “permissible”  lines. 


Table  1. — Term  Differences  Corresponding  to 
Permissible  Lines 


Series 

1/X* 

m 

1  1/X 

m 

1  1/X 

m2 

Principal . 

Is—mp 

>1 

2  s—mp 

>2 

mxs-mip 

>0 

>m  i 

1st  subordinate  f . 

2  p-md 

>2 

3  p-md 

>3 

mip—mzd 

>1 

>mi 

Fundamental  X . 

3  d—mf 
etc. 

>3 

4  d—mf 
etc. 

>4 

mid-mzf 

etc. 

>2 

>mt 

2nd  subordinate! . 

2  p-ms 

>1 

3  p-ms 

>2 

m\p~  17128 

>1 

5  mi 

Sd-mp 

>2 

4  d-mp 

>3 

mid— imp 

>2 

;>  mi 

4  f-rnd 
etc. 

>3 

bf-md 

etc. 

>4 

mif-m*d 

etc. 

>3 

5  mi 

*  Generally  the  strongest  of  the  series.  X  Bergmann  series, 
t  Diffuse  subordinate  series.  §  Sharp  subordinate  series. 


There  are  similar  limitations  upon  the  line-producing  differences 
between  the  components  of  multiple  terms,  as  between  />,  and  d,, 
and  between  terms  belonging  to  different  systems  of  sequences. 

The  general  features  of  series  spectra  may  be  interpreted  on 
Bohr’s  theory  by  assuming  that  in  each  of  the  several  stationary 
states  involved  in  the  emission  of  the  lines  of  a  series,  one  electron, 
the  so-called  series  electron,  is  moving  in  an  orbit  which  is  large  as 
compared  with  those  of  the  other  electrons,  and  which  differs  from 
state  to  state,  and  that  this  electron  has  a  general  central  motion; 
i.e.,  it  has  a  plane  periodic  motion  on  which  is  superposed  a  rota¬ 
tion  of  the  orbit  in  the  plane,  the  plane  itself  performing  a  uniform 
precession  around  an  invariable  axis  fixed  in  the  atom.  For  such  a 
motion,  the  stationary  states  are  characterized  by  3  quantum 
numbers,  n,  k,  j.  The  main  quantum  number  n  is  correlated  with 
the  period  of  revolution  of  the  electron,  k  with  the  rotation  of  the 
orbit  in  its  plane,  and  j  with  the  precession  of  the  orbital  plane. 
We  may  write:  Angular  momentum  of  electron  in  plane  of  orbit  = 
Ah/27r;  total  angular  momentum  of  electron  =  jh/2ie.  For  this 
type  of  motion,  n  may  change  by  any  integral  number  at  any 
transition,  but  the  correspondence  principle  restricts  the  actual 
transitions  to  such  as  correspond  to  a  change  of  k  by  one  unit  and 
of  j  by  either  one  or  no  unit.  This  interprets  the  empirically 
discovered  selection  rules  of  Table  1  if  k  =  1  for  the  s-sequenee,  2 
for  the  />-,  3  for  the  d-,  etc.  It  also  interprets  the  observed  restric¬ 
tions  in  the  intercombination  of  the  multiple  terms  if  to  each 
component  of  a  multiple  term  is  ascribed  a  certain  value  of  j. 
The  anomalous  or  primed  terms  are  interpreted  as  arising  from  the 
simultaneous  excitation  of  more  than  one  electron.  It  is  possible 
to  assign  to  these  terms  such  quantum  numbers  k  and  j  that  the 
selection  rules  governing  pairs  of  primed  terms  are  the  same  as 
those  for  ordinary  terms;  but  those  governing  combinations  involv¬ 
ing  a  primed  and  an  ordinary  term,  which  are  characterized  by 
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special  Zeeman  patterns,  differ,  in  that  k  must  remain  unchanged 
or  must  change  by  two  units.  On  this  theory,  the  capricious 
appearance  of  lines  corresponding  to  combinations  that  do  not 
satisfy  these  rules  is  ascribed  to  the  perturbing  influence  of  external 
forces  (20). 

The  simple  model  considered  in  this  theory  does  not  offer  a 
sufficient  basis  for  the  interpretation  of  the  multiplicity  of  the 
terms,  the  separation  of  the  components  of  the  multiplets,  the  laws 
of  their  anomalous  Zeeman  effect,  and  other  fine  details.  Hence  it 
is  difficult  to  assign  definite,  absolute  values  to  the  quantum  num¬ 
bers  corresponding  to  each  term.  This  is  especially  true  of  j,  for 
which  there  is  at  present  no  generally  accepted  assignment;  but  if 
the  /-value  for  one  sequence  is  fixed,  it  is  possible  in  all  other 
sequences  of  the  same  spectrum  to  fix  uniquely  the  /-value  in  such 
a  way  that  the  only  combinations  giving  permissible  lines  are  those 
corresponding  to  the  restrictions  already  mentioned.  The  values 
proposed  by  Sommerfeld  (295,  298)  for  Sp0(.tra  Gf  the  simplest 
types  are  shown  in  Fig.  1,  where  the  permissible  combinations  are 
shown  by  connecting  lines;  in  combinations  between  systems  of 
different  multiplicities,  that  in  which  /  remains  unaltered  and  =  0 
is  not  permissible. 


Singlet  Triplet  Quintet  Doublet  Quartet 


Notation  Used  in  This  Report. — In  view  of  the  uncertainties 
mentioned,  we  have  refrained  from  basing  the  term  notation 
entirely  upon  the  quantum  symbols.  As  the  theory  is  incomplete, 
we  take  no  account  of  the  theoretical  values  of  n,  now  used  as 
serial  number  by  Paschen  (233),  but  in  general  we  follow  the  nota¬ 
tion  hitherto  used  by  him  I234): 

1.  The  serial  number  of  the  terms  is  in  accordance  with  scheme 
(1)  (llitz-notation),  the  number  1  being  used  for  the  first  s-term, 
2  for  the  first  p-term,  etc.  But  if  the  normal  state  of  the  atom  is 
not  an  s-state  or  if  the  first  s-term  is  not  the  largest  term  in  the 
system,  the  first  s-term  is  called  2s.  (2)  The  letter  notation  of  the 

sequences  is  in  accordance  with  scheme  (1);  if  there  are  two  sys¬ 
tems,  capitals  are  used  for  sequences  of  lower  multiplicity;  in  other 
cases  small  letters  are  used.  (3)  Components  of  multiple  terms 
are  denoted  by  numerical  subscripts,  as  p,,  p2,  p3.  The  subscript 
1  is  assigned  to  that  term  which,  from  the  combination  rules  and 
the  relative  intensities,  is  inferred  to  correspond  to  the  highest 
value  of  /;  this  term  is  the  smallest  in  the  ordinary  and  the  largest 
in  the  inverse  type  of  system.  (41  The  so-called  anomalous,  dis¬ 
placed,  or  accented  terms  giving  sequences  of  the  type  A  + 

j \ 

(m  _|_  a)i  are  denoted  by  primes,  etc.  (p',  p",  .  .  .  ).  Primes, 

.  .  .  are  also  used  for  distinguishing  the  several  components  of 
the  multiple  sets  of  multiple  terms  occurring  in  the  systems  of  Cr, 
Mo,  and  Mn.  (5)  The  spectrum  of  a  multiply  ionized  atom  is 
indicated  by  placing  after  the  chemical  symbol  a  Roman  numeral 
denoting  the  multiplicity  of  the  ionization;  thus,  Si  /.  Si  II,  Si  III. 
si  IV. 

Other  Notations. — (1)  Serial  Number. — In  his  later  work, 
Paschen  (233)  uses  the  theoretical  value  of  n  as  the  serial  number, 
but  the  theory  is  incomplete.  Fowler  uses  that  value  of  m  which 
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makes  a  <  1  or  nearly  =  1  in  the  expression  Nm  (m  -+-  a):;  in 
most  spectra  this  requires  our  2 p  term  to  be  called  1  p,  our  3 d 
term  to  be  called  sometimes  2d  and  sometimes  Id,  etc. 

2.  Sequence  Notation. — Fowler  uses  ( Ireek  letters  a,  r,  S,  y-, 

for  the  doublet  system.  Our/-terms  are  denoted  by  b  by  Hansen, 
Takamine,  anil  \\  erner  1 1  5  )  and  some  others,  and  by  A  by  Rosh- 
destvenskii  (24S).  Series  beyond  our/  were  formerly  denoted  by 
A  5*,  N  62,  .  .  .  ;  Paschen  and  Fowler  now  denote  them  by  /', 
/",  .  .  .  ,  Roshdestvenskii  by  A1,  AJ,  .  .  ,  Hansen,  Taka¬ 

mine,  and  Werner  (lls)  by  c, /,  g,  .  , 

3.  Component s  of  Multiple  Terms. — Fowler  now  uses  the  nota¬ 

tion  of  this  report,  but  formerly,  while  using  that  for  the  //-terms, 
he  used  d,  d',  d",  for  the  d-terms.  Sommerfeld  proposes 

the  use  of  subscripts  having  the  values  of  /  if  the  multiplicity  is  odd, 
and  of  (/  -f-  y£)  if  multiplicity  is  even.  In  the1  simplest  cases  tin* 
correspondence  between  the  Sommerfeld  notation  and  that  here 
used  is  as  shown  below  : 


Notation 

Doublet 

*  ||  Triplets 

Here  used . 

Sommerfeld . 

Pi  Ps 

Ps  Pi 

d i  d. 
rfa  d. 

h  ft  P i  Pi  pi  1  d i  d ,  d i 
/i  /a  |l  Pi  Pi  po  |  di  <*i  d i 

/.  h  /a 

4.  Russell  and  Saunders’  Notation  (257)  _  Russell  and  Saunders 
propose  that  the  general  term  be  represented  by  mrD,.  For  the 
serial  number  m  they  provisionally  take  the  values  used  by  Fowler; 
capitals  replace  the  small  letters  in  scheme  ( 1 ),  and  thus  indicate 
the  value  of  k ;  r  denotes  the  multplicitv  of  the  term;  and  i  indi¬ 
cates  the  component  of  the  multiple  term;  it  is  intended  to  be  the 
integral  value  of  /  or  of  (/  +  }-£).  The  index  r  may  be  omitted  if 
term  is  a  singlet,  and  i  may  be  omitted  if  it  is  a  singlet  or  an  unre¬ 
solved  multiplet . 

Table  2. — Term  Values  for  Spectral  Series 

Term  values  are  calculated  from  wave-lengths  expressed  in  the 
international  scale  and  reduced  to  vacuum  (by  tables  of  Bureau  of 
Standards  (199  n.  Only  terms  calculated  from  observed  lines  are 
given.  Value  of  n  for  first  term  in  each  sequence  is  printed  in  bold 
face,  if  known;  value  of  k  is  indicated  by  term  symbol  (for  .s, 
k  =  1;  p,  k  =  2;  etc.),  and  of  /  by  lower  index  of  the  Russell- 
Saunders’  notation  (given  in  parentheses) — the  index  /  if  the 
multiplicity  is  odd,  =  /  +  if  even.  For  terms  greater  than 
1000  cm-1  the  “effective”  quantum  number  (n*)  is  given  in 
italics  {n*-  =  r2N\{/T  where  T  =  term  value  and  (r  —  1)  = 
degree  of  ionization);  errors  in  n*  may  amount  to  0.001.  For 
wave-lengths  used,  see  (76i  1  1 9,  233,  234) -f  ;vnj  references  men¬ 
tioned  in  the  table.  Graphical  representations,  see  (21).  (  1 

indicates  value  is  uncertain;  int.  =  international;  6  =  uncer¬ 
tainty  in  term  value;  n,  k ,  /  =  quantum  numbers,  .V  Rydberg 
constant,  based  on  .V*  =  109  737.1;  series  notation,  see  p.  392. 
Unit  of  T,  5,  and  N  —  1  cm-1  if  1  int.  A  =  10-*  cm. 

A  Z  =  18.  Nk  =  109  735.6. 

A  /  (204,  205,  206,  272,  273  , 

A  III  (l24). 

Ag  Z  =  47.  A' A,  =  109  736.5. 

Ag  I  (129,  239,  243,  283)  Limits  (76  . 


tn 

1  1  2  | 

3 

1 

ms  (m*Si) 

61 

095.9)18  540  Oj 

9 

209  0  I 

5  516  2  3  676  6 

2  IS06.5 

n ;  n* 

8; 

7.330  f.433 

3  J,6l 

4.43/  f.SSul 

6 . 489 

nap,  (m»Pi) 

31  543  6 

2 

798. 7J 

n ;  n* 

S  ;  1  .8651 

t.981 

mpi  (m’P,) 

30  623  0 

2 

595  8J 

Q  ;  n* 

5;  I  S.0.1 

t  In  (7<)  now  aeries  formulae  have  been  calculated,  X  ia  exprewd  in  int  A  but 
N h  ia  uacd  for  all  dements,  in  (***•  1,4  moat  X’a  ar»-  -n  Rowland's  scale;  in 
(IS1)  it  ia  not  atated  whether  term  values  are  baaed  on  int  A  --r  Rowland’s  scale, 
and  in  some  instances  the  scale  ia  not  the  same  for  all  sequences  of  the  same 
element. 

X  Calculated  from  (p,  p)  combinations;  continued  by  obe«rvatn>n»  f24ll 
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Ag  I.  -(Continued) 


m 

I  1 

2 

3 

4 

5 

6 

mdt  {m2Dt) 

12  351  6 

6  891.4 

4  394.3 

3  040.2 

n  ;  u  * 

5  ;  Z.981 

3.900 

4.997 

6* .  008 

nidi  (m-Dj) 

12  331.3 

6  880 . 7 

4  388.6 

3  035.9 

n  ;  n* 

5;  2.983 

3.094 

5.001 

6.012 

mf  (m-F) 

0  891 .3 

4  386.2 

n  ;  n* 

4;  3.990 

5.00-2 

m 

8  1 

m 

7 

8 

9 

ms  (m-Si) 

1  957.51  1  526.61  mdi  (m2Di) 

2  224.6 

1  698.3 

1  337  3 

n* 

7.488]  A 

■  478\ 

n* 

7.024 

8.039 

9 . 059 

Ag  JI  (9,  184). 

Al  Z  =  13.  Nai  =  109  734.9. 

Al  /  (130,  202,  222).  Limits  (76). 


3_ 1  4  |  5  1  ts 


ms  {m2Si) 

22  933.3 

10  591.6 

6  130.8 

4  007.7 

2  833.2 

n  ;  n* 

4;  2.1S7 

3.219 

4.228 

5.233 

6.223 

mp 2  (m-P i) 

48  280.9 

15  331.7 

8  009.2 

4  946.0 

3  352.6 

n  ;  n* 

3  ;  1 . 508 

2 . 675 

3.702 

4.710 

5.722 

mpi  (mtPa) 

48  168.8 

15  316.5 

8  003.2 

4  943.2 

3  350.6 

n ;  n* 

3;  1 . 509 

2 . 077 

3.703 

4-711 

5.724 

mdi  (m-Dz) 

15  845.5 

9  351.7 

6  047.4 

4  114.3 

n ;  n* 

3;  2.631 

3.426 

4.260 

5.165 

mdi  (m-D 3) 

15  844.2 

9  347.2 

0.043.3 

4  112.1 

n ;  7i* 

3;  2.631 

3.437 

4.261 

5.166 

mf  ( m2F ) 

6  962.3 

4  451.2 

3  087.7 

n ;  7i* 

4;  3.970 

4 . 965 

5.961 

m 

7 

8 

9 

10 

11 

mdi  (m-Di) 

2  936  0 

2  187.1 

1  684.6 

1  338.6 

1  088.9 

71* 

6.113 

7.084 

8.071 

9 . 055 

10.089 

md  1  (m-D$) 

2  935.1 

2  185.7 

1  684.3 

1  336.9 

1  091.0 

71* 

6.114 

7.086 

8.071 

9.060 

10.029 

Al  II.  Terms:  singlet  (278);  cf.  (253),  triplet  (232).  Spectrum 
is  analogous  to  that  of  Mg  I . 

Singlet  system 


m 

1 

2 

3 

4 

5 

6 

mS  ( m 1  So) 

151  860.4 

56  512.0 

35  495.2 

19  084.0 

13  061.1 

9  499.6 

n;  7i* 

3  ;  1.700 

2.787 

3. 794 

4.796 

5.797 

6.798 

mP  (mxP\) 

92  010.7 

44  942.2 

25  993.7 

16  943.1 

11  943.7 

n;  71* 

3;  2.184 

3.125 

4.109 

5.090 

6.062 

771 D  (mxDi) 

66  381.4 

41  772.9 

27  068.4 

17  946.3 

n;  7i* 

3;  2.671 

3.242 

4.027 

4.946 

mF  (tti'Ps) 

28  392.3 

18  177.0 

12  617.5 

n ;  7i  * 

4;  8.932 

4.914 

5.898 

771 

1  7 

1  8  | 

9  1 

10  I 

11 

12 

mS  (mlSo) 

7  218.5 

5  670.3 

4  571.6 

3  763.3 

3  153.5 

2  680.6 

71* 

7.798 

8.798 

9.779 

mP  (771  lPi) 

8  901.5 

6  921.3 

5  562.9 

4  591.6 

3  858.4 

3  281.0 

71* 

7.022 

7.964 

8.883 

9.777 

mD  (mlDi) 

12  573.6 

9  253.4 

7  080.2 

5  586.0 

4  517.2 

3  727.7 

71* 

6.908 

6.887 

7 .874 

8.865 

9.856 

mF  (mlFi) 

9  258.8 

7  078.5 

5  583.9 

4  516.2 

3  727.8 

3  128.8 

71* 

6.885 

7.875 

8.886 

9.859 

771 

1  13 

14 

15 

16 

17 

18 

7/1  &  (mlSo) 

2  305.7 

2  003.8 

mP  (m*Pi) 

2  808.5 

2  425.6 

2  112.4  1  852.8 

mF  (mlF») 

2  661.2 

2  291.8 

1  994. 2|  1  750.7 

1  549.3 

1  380. 7t 

t  19'Fj  =  1  238.2;  20‘Fj  =  1  116.3. 

Triplet  system 


I  2  I  3  1  4  |  5  1  6  1  7 


ms  (m*tSi) 

60  589.2 

31  770.6 

19  648.0 

13  363.7 

9  680.6 

7  336. 1 

n;  71* 

4;  2.692 

3.716 

4.726 

5.732 

6.  734 

7.  736 

mp3  (m*Po) 

114  468.4 

46  436.1 

26  159.9 

16  851.4 

a;  n* 

3;  1.958 

3.075 

4.096 

5.104 

mpi  (771*7*1 ) 

114  406.6 

46  422.0 

26  154.2 

16  848.3 

n;  n* 

3;  1.959 

3.075 

4.096 

5.105 

mpi  (m*P,) 

114  281.1 

46  392.7 

26  141.4 

16  841.5 

11  767.4 

8  680.8 

n;  n* 

3 ;  1.960 

3.076 

4.098 

5.106 

6.107 

7.111 

mdi  (771*7)1)  t 

56  311.6 

30  379.2 

n;  n* 

3;  2.792 

3.801 

mdi  (t/i*Z)  j)  f 

56  312.5 

30  379.5 

n;  71* 

3;  2.792 

3.801 

mdi  (m*/)j)t 

56  313.6 

30  380.1 

19  040.7 

13  048.5 

9  497.6 

n;  n* 

8;  2.792 

3.801 

4. 802 

5.800 

6.798 

Al  II.  Triplet  system. — ( Continued ) 


rn 

mf,  (m3F,) 
n ;  n* 
rufi  (m’Fi) 
n ;  n* 
mfi  (m’fi) 
n;  n* 
mf  (?)  § 
n ;  n* 
mg  ( mKr ) 
n;  n* 


2 


3 


4 


5  6 


28  444. 5t 

4; 

28  442. 4t 
4;  3.928 
28  439. 6 J 
4;  3  .  ii*8 


18  425 . 4i  13  341.7  10  778.0 

4.88l\  5.737  6.388 

18  420.0  13  324.0  10  752.9 

4.881  5.740  6.389 

18  413.  1  13  301 .2  10  719,9 

4.882  5.745  6.399 


28  392. 3+ 
4;  3.932 


12  271.7  9  011.2 


6:  ■ 


m 

8 

0 

10 

11 

12 

13 

ms  ( 771  **S’i) 

5  751 . 0 

4  631.4 

3  807.9 

3  188.4 

71* 

8.733 

9.734 

mdi  (771*7)3)  f 

7  221.5 

5  675.4 

4  577.6 

3  770.4 

71* 

7.796 

8.  794 

9.792 

7/1/3  (m*Fi) 

8  597.7 

6  733.9 

5  363 . 7 

4  360.6 

3  611.7 

71* 

7.145 

8.074 

9.047 

10.034 

m/2  (m3F 3) 

8  590.6 

6  731.5 

5  362.6 

4  360.2 

3  611.3 

71* 

7.148 

8.075 

9.048 

10.034 

7/1/1  ( rn*Fi ) 

8  579.8 

6  728.3 

5  361.2 

4  359.6 

3  610.8 

3  037.9 

71* 

7.153 

8.077 

9.040 

10.034 

mg  (m3G) 

6  895.7 

5  445.9 

4  409.4 

3  642.8 

3  060.0 

71* 

7.978 

8.978 

9.977 

771 

1 

14 

15 

16 

18 

771/1  (m3Ff) 

1 

2  590.9 

|  2  234.9  |  1  947.2  | 

516.9 

f  d-terms  are  inverse. 

X  4/-terms  are  double;  unusual  in  triplet  systems.  A -1/a  =  0.254,  Al ft  =  0.490. 
A4/i  =  0.100,  A 4/  =  0.489. 

§  Position  of  this  term  is  not  clear.  Paschen  denoted  it  by  F. 


Al  III  (471,  231).  Spectrum  analogous  to  that  of  Na  I;  d- terms 
are  inverse. 


771 

1 

2 

3 

4 

5 

6 

ms  (m2Si) 

229  454.0 

103  291.4 

58  816.0 

37  952.0 

n;  71* 

3;  2. 

074 

3 

.092 

4.098 

5.103 

771  p 2  (m2Pi) 

175  774.1 

85  821.7 

51  023.5 

33  797.6 

n ;  n* 

3;  2 

.370 

3.392 

4.399 

5 . 406 

mpi  ( m2Pt ) 

175  536.1 

85  741.6 

50  984.4 

n ;  7i* 

3 ;  2 

.372 

3.394 

4-403 

mdi  (m2Di) 

113  496.7 

63  667.5 

n ;  7i* 

3;  2.950 

3.938 

mdi  ( m2Dz ) 

113  499.0 

63  668.7 

40  578.5 

28  079.6 

n ;  7i* 

3  ;  2.950 

3.938 

4.933 

6.931 

7/1/2  (77i2Pa) 

61  841.9 

39  578.7 

n ;  71* 

4;  3.996 

4.995 

mfi  (m2F.) 

61  841.6 

39  578.5 

27  484.5 

n ;  71* 

4;  3.996 

4.995 

5.995 

mg  ( m2G ) 

39  526.2 

27  452.7 

n ;  71* 

5 ;  4  -998 

5.998 

inh  (77i2//) 

27  446.7 

n ;  n* 

6 ;  tun 

771 

7  1 

8 

771 

7 

» 

9 

7/idi  ( m2Dz ) 

20  573.6 

15 

712.6 

mg  (mHj) 

20  171.8 

15  443.3 

71* 

6.929 

7.928 

71* 

6.997 

7.997 

771/1  ( m2Fi ) 

20  193.0 

15 

461.9 

mh  ( m2H ) 

20  166.5 

15  438.2 

12  198.8 

n* 

6.994 

7.993 

71* 

6.998 

7.998 

8.998 

As  Z  =  33.  ArA»  =  109  736.3  (24«). 

Au  Z  =  79.  Nau  =  109  736.8. 

Au  /  (473,  174,  309)  Hicks  (4  4 8)  gives  a  different  arrangement . 


771 

1  1 

2 

3 

4 

5 

6 

ms  (m2Si) 

74  407.6 

19  922.7 

9  665.1 

5  728.2 

3  790.9 

2  662.9 

n ;  71* 

6;  1.215 

2.347 

3.369 

4.377 

5.380 

6.419 

mpi  ( m2P\ ) 

37  048.8 

n;  7i* 

6;  1  721 

mpi  ( mtPi ) 

33  233.4 

n ;  71* 

6;  1.818 

77ld*  (tti2Z)j) 

12  455.5 

6  938.5 

4  437.9 

3  053.lt 

n;  71* 

6;  2.969 

3.977 

4.373 

5 . 99n 

md  1  (m*Di) 

12  373.7 

6  895.6 

4  398  3 

3  015  It 

n ;  n* 

6;  2.978 

>89 

4.995 

6  033 

t  For  m  =  7,  m3,  =  2  240.5,  n*  =  6.998  iind  md i  -  2  206.1,  n*  =  7 .053. 
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B  Z  =  5  A’b  =  100  731.6. 

B  /  '22,  279,.  rf'  ,25,  44 .  Terms  27  > >. 


m 

1  2  1  3  | 

m 

3  1 

4 

1  5 

T71S  (ms.S'|) 

n;  n* 

mpt  (m*P i) 
n;  n* 

mpi  (m*Pt) 
n;  n* 

1  27  043  |  12  075 

3.  .  .  3  015 

67  082 

2.1. £79 

67  067 

2.1  £79 

md  (m7D) 

n;  n* 

12  315 

3 ;  £.  935 

7  084 
3.936 

4  504 
4.886 

B  II  (2 79 j>  Terms  (28). 

Singlet  system 


m 

1  |  2 

m 

2  |  m 

3 

mS  (m*i So) 

194  325.9  66  665.1 

mP  (mlPi) 

120  929.41  mD 

48  410.3 

n ;  ft* 

2;  1.504  \  £.566 

n;  ft* 

2;  /  906  n;  a* 

3;  3  01 1 

Triplet  system 


m 

i 

2 

1  3 

1  m 

1  3 

4 

1  5 

ms  (m*£i) 

n;  n* 

mp  a  (m*Po) 
mpt  (m*Pi) 
n;  n* 

mp i  (mJPj) 
n;  n* 

72  930.8 
S;  3.4 

165  362.7 
2;  1.6 £9 
165  343.9 
2,1. 6 £9 

36  655.5 
3.461 

59  010.0 
£.7  £7 
59  006.5 

£.7  £7 

md  ( m*D ) 
n;  n* 
mf  (m*F) 
n;  n* 

'52  054.2 
3;  £.904 

28  640.4 
3.914 

17  795.7 
4;  4  967 

B  III  (25).  5  = 

±5.  Spectrum  analogous  to  that  of  Li  I. 

m 

i  i 

1  2 

i 

1  3 

1  4 

5 

ms  (m*S i) 
n ;  n* 

mpi  (m*P i) 
n ;  n* 

mpi  (mJP*) 
n ;  n* 

305  938 
2;  /  701 

125  736 
£.805 

257  579 
2;  1  >5i 
257  545 
2;  1 . 958 

md  (miD) 
n ;  n* 
mf  (m*F) 
n ;  n* 
mo  {mKi) 

n;  »* 

109  870 
3  . 

— 

61  742 

4;  3.999 

39  515 
5  ;  5 . 000 

Ba  Z  =  50.  ATb»  =  109  736.7. 


Ba  /  Triplet  system,  normal  terms.  Continued 


m 

8 

y 

10 

11 

12 

13 

mdi  ( mlD\ ) 

1 

137.1 

n* 

7. 166 1 

mdi  (m*Di) 

1  o 

1 34 . 8 

1  649.1 

n* 

7 .17o\ 

8.15  7 

mdi  (m*D a) 

*> 

124.2 

1  646.8 

n* 

7.17l\ 

m/j  (m*Pi) 

1 

790.5 

1  415. 4> 

I  134.2 

032  2 

n* 

7 . 8£0\ 

8.80/i, 

9.836 

mfi  (m*Pj) 

1 

788  0 

1  407.8 

1  132.8 

032 . 0 

782.6 

665  2 

ft* 

7.5.54 

8 . 8SU\ 

9.84£ 

ffi/i  (m*F a) 

1 

785  2 

1  401.6 

1  132.2 

933  0 

781.9 

664  7 1 

n* 

8  . 

8  849 1 

9  844 

t  14/i  =  572.4, 

15/i  =■= 

499. 

Triplet  system,  anomalous  terms 


m 

2 

3 

mp'}  (m*K) 

18  820.3 

7  535 . 6 

mp’.  (m»P|) 

IS  549,3 

7  205.9 

mpi  ()«>/*'.) 

18  110.5 

6  412.8 

Ba  II  (165)  244)  Term  values  calculated  from  data  76  and 


4/-limit  (90);  corrected  to  int.  scale.  Spectrum  analogous  to  that 
of  Cs  I. 


1  1 

2 

3 

4 

5 

6 

ms  (m*Si) 

80  655.4 

38  300.4 

22  630.3 

14  973 

10  704 

n ;  ft* 

6; 

S.403 

4-404 

5. 41 5 

6.404 

mpi  (mJPi) 

60  393.9 

n ;  n* 

6;  £.696 

mpi  (mtPa) 

58  703.0 

n ;  n* 

6;  2.7S4 

mdi  (m,Da) 

75  781. 7t 

34  706  0 

20  856.3 

13  981 t 

n;  n* 

S;  2  . 

3.557 

4.588 

5.603 

mtii  (fn2Z)j) 

74  980. 6f 

34  500.7 

20  760.8 

13  928 t 

n ;  n* 

5;  2.4/0 

3 . 567 

4 . 598 

5.613 

mf  1  (mVi)  t 

32  396.3 

21  714 

16  184 

n ;  n* 

4 ;  3.681 

4W 

5  .  £09 

m/i 

32  171.8 

21  482 

15  960 

n ;  n* 

4;  3.694 

4.5£1 

5  .  £44 

Ba  I  (239,  266,  267)  Terms:  normal  (269),  anomalous  (257). 
Singlet  system 


m 

1  1 

1  2 

1  3 

\  4 

1  5 

1  6 

mS  (mlSt) 

42  029.4 

16  399.6 

n ;  n* 

6;  1.316 

£.587 

mP  (fnJPi) 

23  969.2 

9  482.2 

5  039.5 

3  529.9 

2  721 

n ;  n* 

6;  £.139 

3.40£ 

4.667 

6.576 

6.350 

mD  ( mlDi ) 

30  634 . I 

13  800.4 

7  931.5 

4  988.3 

n ;  n* 

5  ;  1.893 

£.8£0 

3. 7  SC 

4.690 

mF  (mlFt) 

13  475.2 

6  136.7 

4  254.4 

n ;  n* 

4  ;  2  854 

4.SS8 

6.079 

m 

7 

8 

m 

7 

8 

mP  (fn*Pi) 

2  044 

1  606 

mD  ( mlDt ) 

3  473.2 

2  532.5 

n* 

7.327 

8.  £66 

n 

* 

6.  esc 

6.583 

Triplet  system, 

normal  terms 

fn 

2 

3 

1  4 

1  5 

6 

1  7 

ms  (m*5i) 

15  869.3 

8  124.3 

4  934.0 

3  366.5 

2  404.5 

n ;  n* 

7;  2 . 6 £9 

3.675 

4.715 

5.710 

6.  766 

mp  1  (m'A) 

29  763.3 

11  286.4 

6  186.9 

n ;  n* 

6;  t  9*4 

3.118 

4.  £11 

mpi  (m’Pi) 

29  392.8 

11  214.2 

6  137.3 

n ;  n* 

6  ;  / .  086 

3.1  £8 

4  ££8 

mpi  (m*P j) 

28  514.8 

11  042.3 

6  057.2 

n ;  n* 

•  ;  1.961 

3.15* 

4.  £56 

md  1  (m*Di) 

32  995.6 

11  333.9 

6  320.1 

4  067.5 

2  888.7 

n ;  n* 

5;  1 .8*4 

3.111 

4.167 

6.194 

e.iee 

mdt  (m,Di) 

32  814.1 

11  279.0 

6  267.3 

4  055.4 

2  871.4 

n ;  n* 

5  .  :  - 

3.119 

4.184 

S.£0£ 

6.181 

mdi  (mlDi) 

32  433.0 

11  211.6 

6  244.2 

4  041.0 

2  843.8 

n ;  n* 

5  . 

3.1  £8 

4.19* 

5.  £10 

6.  £18 

m/i  (m*F i) 

7  IM  8 

4  634.6 

3  213.8 

2  351.2 

n;  n* 

4;  3.846 

.  >'■' 

5.844, 

6.83£ 

m/i  (mVi) 

7  412.8 

4  610.4 

3  210.1 

2  348.7 

n ;  n* 

4;  3.847 

4.879 

5.847\ 

8.835 

mj .  (fn*P<) 

7  398. 8j 

4  505.3 

3  204  2| 

2  346  3 

n ;  n* 

4;  3.851 

4.935 1 

6.86£ 

6  839 

t  Suggested  changes  (234>  237)  have  been  made  in  t lie  values  of  the  3d-  and 
the  /-terms. 

t  Fcr  m  =  7,  mdi  =  10  099,  n*  =  6.593;  mdi  =  10  054,  n*  =  6.607. 

Be  Z  =  4.  ArB„  =  109  730.5. 

Be  /  i31  :  cf.  '234,  236).  Only  the  triplet  system  is  known. 

Symbol  |  (2  »3.)  I  (2»/'o)  I  (2»/»i)  I  (2VV>  [  (3».S,)  (3»/,» 


Term  23  110.2  53  212.9  53  212.2  53  209.8,10  685.0  13  137.5 

n;  a* 3;7.I7:>  2;  /  .  43it\  2;  /  .  2;  1 . 43ff|  3,304  8  \£.89Q 


m 

4 

5 

6 

7 

8 

ms  (m*Si) 

6  186.9 

4  033.0 

n* 

4.£1£ 

6.816 

md  (m*D) 

7  249.2 

4  589.7 

3  165.7 

2  315.5 

1  760.1 

n* 

3.890 

4.889 

5.888 

6 . 880 

7.896 

Be  II  (31);  cf.  (212).  Spectrum  is  analogous  to  that  of  Li  I. 


m 

1 

2 

3 

- 4 - 

5 

ms  (m*Si) 

146  880.5 

58  649.3 

31  424.8 

19  546  3 

n;  n* 

2  .1.  7  £9 

£.  735 

3.  738 

4 . 730 

mpi  (m’P  1) 

114  951.7 

n;  n* 

S;  1.954 

mpi  (m’Pi) 

114  945. 1 

50  384.7 

28  120  21 

17  910.2 

n;  n* 

2;  1.954 

8.951 

3.96l\ 

4.950 

md  (m*D) 

48  827.4 

27  460. 4: 

17  574  6 

n;  n* 

t;  £.998 

3 . 

4  997 

ffi/  (m*F) 

27  435  0 

17  55.S  0 

n;  n* 

4 ;  4  ■  Of  si 

Bi  Z  «=  83.  A'b,  = 

109  736.8. 

Bi  I  (108,  311,  312);  Cf. 

248).  System  i> 

tentative;  inner 

quantum  numbers  not  assigne 

d. 

m 

1  |  2 

4 

6 

mi 

20  157  I  11  373 

0  491 

4  194 

2  930 

n ;  n* 

7;  £ 

048  3.108 

4. in 

1  5.116 

6.119 

2pi  2 

pi  I  2p»  I  2  pi 

2pi 

2  Pi 

2pt 

n*  I  n 

• 

a* 

58  745  47 

327  43 

308  37  0.86 

37  084 

25  580 

17  618 

1.375  1  /. 

683  1  1  8tt  1  /  780 

/  ?f<) 

396 


INTERNATIONAL  CRITICAL  TABLES 


Bi  /. —  ( Continued ) 


m  I  1 

2 

3 

4 

5 

md\ 

14  833 

7  727 

4  868 

n* 

2.  720 

3.769 

4  -  74S 

mdi 

13  928 

n* 

2.807 

mdi 

13  880 

7  588 

4  770 

ti* 

2.812 

3.803 

4.797 

mdi 

12  830 

n* 

2 . 924 

C  Z  =  6.  A'c  =  109  7:51.7. 

C  /  (22,  2 4 

C  II  ( 7 8 ) ;  if.  (22,  87)  Limits  arc  not  accurately  known,  and 
are  calculated  for  4A'»  instead  of  4Arc. 


m 

2 

3 

4 

5 

6 

7 

*t  (?) 

100  165 

n * 

2.093 

ms  (m2S  1) 

80  121 

39  425 

23  311 

(15  387) 

(10  912) 

n;  n* 

3;  2.340 

3.336 

4.338 

5.340 

6.341 

mpi  (m*P  1) 

196  670 

64  934 

34  140 

n ;  n* 

2;  1.404 

2.599 

3 . 585 

mp  1  {m*P  2) 

196  612 

64  923 

34  134 

n ;  n* 

2  ;  7 . 4.94 

2.600 

3 . 585 

mdi  (m*Dt) 

51  108.9 

28  535.1 

n ;  n* 

3  ;  2 . 930 

3.921 

mdi  (m*Dz) 

51  107.6 

28  534.7 

18  164 

(12  558) 

(9  193) 

n ;  n * 

3;  2.930 

3.921 

4.915 

5.911 

6.908 

m/  (m*F) 

27  680 

17  703 

12  283 

(9  017) 

n ;  h* 

4;  3.981 

4.978 

5.976 

6.974 

t  This  term  combines  with  p  1  and  p z. 


C  III  (28). 

Singlet  system 

l.s’1  l'.S'ji',  275  4>',3  1  ln  =  2;  «*  =  /  /':i,273  111  II  n  =  2;  »*  =  7  am' 


Triplet  system 


m 

2 

3 

m 

2 

3 

4 

ms  (mzSi) 

146  197.2 

mpi  {m3Pz) 

331  939.2 

124  685.8 

n;  n* 

3;  2.598 

n;  n* 

2 ;  1.725 

2.815 

mpz  (m3P 0) 

124  704 . 1 

md  ( m?D ) 

114  387.2 

n;  n* 

2;  2.815 

n;  71* 

3;  2.939 

mpz  (m3P  1) 

124  698.6 

mf  ( m3F ) 

62  600.0 

n;  n* 

2;  2.815 

n;  n* 

4;  3.972 

C  IV  (212).  5  =  ±100.  Spectrum  analogous  to  that  of  Li  I. 


m 

1 

2 

m 

2  1  3 

ms  (m-Si) 

520  034 

217  302 

mp\  (m2P 2) 

455  445 

n ;  n* 

2  ;  7 . 838 

2 . 848 

n ;  n* 

2;  1.963 

mpi  (m"-Pi) 

455  553 

md  ( m2£> ) 

195  333 

n ;  n* 

2 ;  1.963 

n ;  n* 

3  ;  2 . 998 

Ca  Z  =  20.  A'Ca  =  109  735. G. 

Ca  /  (128,  154,  222,  257,  265,  267).  Terms  (76)  based  on  (270). 
Anomalous  terms  (4i>  i°4>  237,  257). 


Singlet  system 


m 

1 

2 

3 

4 

6 

mS  (mlS 0) 

49  304.8 

15  988.2 

7  518.4 

5  028.0 

3  417.3 

2  469.4 

n;  n* 

4 ;  1.492 

2.620 

3.820 

4.672 

5.667 

6.666 

mP  (m'P  1) 

25  652.4 

12  573.1 

7  625.9 

5  371.4 

3  879.6 

n ;  n* 

4;  2.068 

2.954 

3.794 

4.520 

5.318 

mD  ( mlDs ) 

27  455.3 

12  006.3 

6  385.5 

4  314.7 

n ;  n* 

3;  2.000 

3.023 

4.14S 

5.044 

mF  (mlF a) 

6  961.3 

4  500.0 

3  122.6 

n;  n* 

4;  3.970 

4 . 938 

5.928 

m 

7 

8 

9 

10 

11 

12 

mS  ( mlSo ) 

1  867.7 

1  461.5 

1  176.0 

n* 

7 . 665 

8 . 665 

9.660 

mP  (mipi) 

2  824.6 

2  120.3 

1  038  a 

1  305.9 

1  071.6 

888.5 

n* 

6.234 

7 .194 

8.185 

9.167 

10.120 

mD  (mlD t) 

2  994.7 

n* 

6. 053 

mF  (m}Fz) 

2  289.7 

1  749.8 

1  379.8 

1  116.3 

919.3 

n* 

6.923 

7.919 

8.918 

9.918 

Ca  I. — ( Continued ) 
Triplet  system,  normal  terms 


rn 

2 

3 

4 

5 

6 

ms  (m*Si) 

17  765. 1 

8  830.3 

5  323.8 

3  565 . 6 

2  556.2 

n ;  n* 

5;  2.485 

3 . 525 

4.540 

5.548 

6 . 552 

mp3  (m*Po) 

34  146.9 

12  752.5 

6  789.6 

n;  n* 

4 ;  1.793 

2.934 

4.020 

mp 2  (m3Pi) 

34  094.6 

12  750.3 

6  785.6 

n ;  n* 

4  ;  7 . 794 

2.934 

4.022 

mpi  (m*Pt) 

33  988.7 

12  730.3 

6  777.8 

4  342.7 

n ;  n* 

4  ;  7 . 7 97 

2.936 

4 . 023 

5.027 

mdz  (m3D  1) 

28  969.1 

1 1  556 . 4 

6  561.4 

4  255 . 5 

n ;  n* 

3  ;  1 . 946 

3.082 

4.090 

5.078 

mdz  (msD 2) 

28  955.2 

11  552.6 

6  559.7 

4  254.0 

n ;  n* 

3;  1.947 

3.083 

4.090 

5.079 

md  1  (m9D  3) 

28  933.5 

11  547.0 

6  556.9 

4  252.2 

n ;  n* 

3;  1.947 

3.083 

4  091 

5.080 

mf  (m*F) 

7  133. 9t 

4  541.5 

3  139.5 

n ;  n* 

4  ;  3 . 922 

4  915 

5.912 

m 

7 

8 

9 

10 

11 

12 

ms  (maSi) 

1  922.4 

1  498.6 

1  201.1 

984.1 

819.8 

n* 

7.556 

8 . 557 

9.559 

md 3  (m3£>i) 

3  002.4 

2  268.2 

1  848.9 

1  551.2 

1  272.7 

n* 

6.046 

6.958 

7.704 

8.411 

9.286 

mdi  (m*D 2) 

3  000.6 

2  264.5 

1  838.7 

1  547.0 

1  270.7 

n* 

6.047 

6.961 

7.726 

8.428 

9.293 

mdi  (m3Dz) 

2  998.2 

2  259.3 

1  828.8 

1  539.1 

1  268.2 

1  045.4 

n* 

6.053 

6.969 

7.747 

8.444 

9.302 

10.246 

mf  (m*F) 

2  298. 1 

1  754.1 

1  382.3 

1  117.7 

921.3 

772 . 8 

n* 

6.911 

7.910 

8.910 

9.908 

m 

13 

14 

15 

16 

17 

mdi  (jnzDi) 
mf  (m*F) 

869.6 

660 

733.8 

627.9 

541.0 

473.5 

Triplet  system,  anomalous  terms 


m 

2 

3 

4 

5 

6 

mp'3  (,m>P'0) 

10  887.1 

780.6 

-4  977.5 

-8  306.4 

mpi  ( m3P[ ) 

10  839.9 

767. 1 

-4  983.6 

-8  313.1 

-10  063 

mp\  (m*Pi) 

10  753.0 

741  1 

-4  999.8 

-8  333.6 

-10  086 

t  4/-term  is  a  triplet. 


Ca  II  (74,  75,  165,  244)  Term  values  calculated  from  data 
(76)  and  4/-limit  (90);  corrected  to  int.  scale.  Spectrum  analogous 
to  that  of  K  I . 


m 

1  1  2 

3 

4 

0 

8 

ms  (m2Si) 

95  723.7)43  556.7 

25  046. 1 

16  294 

11  447 

n ;  w* 

4;  2.141  S.176 

4. 186 

5.190 

6. 192 

mpi  (m2P  1) 

70  532.1 

n;  n* 

4;  2.495 

mpi  (m2P 2) 

70  309.3 

n ;  11* 

4;  2.499 

mdi  (rn2Dz) 

82  073.5 

38  884.5 

23  001.6 

n;  n* 

3  ;  . 

3.360 

4 . 368 

mdi  (m2Z>3) 

82  012.7 

38  865.3 

22  992.9 

15  216t 

n ;  n * 

3  ;  1 

3.360 

4.369 

5.371 

mf  (m!F) 

27  670 

17  707 

12  295 t 

n ;  7i* 

4 ;  3  983 

4.980 

5.975 

t  For  m  =  7,  mdi  =  10  799,  n*  =  6.375  und  mf  =  9  044,  n*  =  G.067. 


Cb  Z  =  41.  Neb  =  109  736.5  (i«7). 

Cd  Z  =  48.  Arca  =  109  736.6. 

Cd  /  (70,  90,  128,  131,  222,  223,  225,  227,  259,  264,  326  ,  Terms 
(76,  2  74).  blot  much  difference  between  value  of  2/ '-limits  used 
here  and  those  of  Fues  (90)  when  corrected  to  int.  scale. 


Singlet  system 


m 

1 

2 

3 

4 

5 

8 

mS  0) 

n ;  n* 
viP  (mlPi) 
n ;  n* 

mD  (m>£>:) 
n ;  n* 

72  538. N 

5;  t 

19  229.3 
2.388 
28  846.6 

5 ;  1 . 949 

9  452. 1 
3.407 

12  633 
2.947 

13  319.2 
5 ;  2. 870 

5  634.1 
4-413 
7  038 
3.948 
7  404.9 

3.850 

3  739.2 
5.418 

4  480 
4.949 

4  701.7 
4  831 

2  665 . 7 
6. 416 

3  100 
5.960 

3  246.3 
5  841 

m 

7 

rn 

7 

8 

9 

>  S  (m*So) 

1  995.6 

mP  (m*P  1) 

2  273 

1  739 

1  371 

n* 

7. 418  | 

n* 

6.949 

7.943 

8.947 

SPECTRAL  SERIES:  Hi  TO  C 


39" 


Cd  /. —  ( 'onti n  ut d 
Triplet  system 


m 

2 

3 

1 

5 

7 

ma  ( m*Si ) 

21  054  7 

9  975.6 

5  857 . 3 

3  856 . 6 

2  732.9 

2  037.6 

n;  n* 

6; 

3.317 

4 . 328 

6.336 

6.337 

7.338 

mp,  (m‘Pt) 

42  424.5 

14  147.9 

7  542.9 

4  709.2 

3  224.3 

n ;  n* 

6;  /  .COS 

2 . 786 

3.814 

4.827 

6 . 834 

mpi  (m‘P  1) 

41  882. 6 

14  077.2 

7  517  5 

4  696.7 

3  217.4 

n ;  n* 

5;  1.618 

2.702 

.i  s 

4.834 

5.840 

mp  1  (mV*  j) 

40  711.5 

13  903.1 

7  446.0 

4  663.6 

3  198.6 

2  331.5 

n ;  n* 

5; 

2.810 

3.830 

4.850 

5.857 

6.861 

m</i  (maDi) 

13  052.4 

7  185.3 

4  549.9 

3  139.2 

n ;  n* 

5  , 

3.008 

4.011 

5.013 

mi/j 

13  040  7 

7  179.5 

4  546.3 

3  138.5 

n ;  n* 

5  . 

3.000 

4.01S 

5.013 

mrfi  (m*D a) 

13  022.5 

7  1713 

4  541.3 

3  134.3 

2  294  5 

n ;  n* 

0; 

3.012 

4.015 

5.01 7 

6.916 

m/  (m*P) 

6  957 . 1 

(4  445.  1) 

n ;  n* 

4  ; 

4.060 

m 

8 

9 

10 

11 

12 

13 

ma  (m*S i) 
n* 

md\  ( m*Di ) 
n* 

1  576.8 
8.342 
1  751.3 
7.016 

1  257.0 
0.344 
1  379.3 

8.010 

1  114.3 

■  •  . 

920.3 

771.6 

658. It 

t  \\d i  =  56(5.7. 


Cd  //  (261 ).  Spectrum  analogous  to  that  of  Ag  7. 


m 

1 

2 

3 

4 

5 

6 

ms  (m*S  1) 

136  376.6 

53  386 . 4 

18  335.5 

12  624  3 

9  223.2 

n ;  n* 

5  ;  1.701 

2.868 

4. 80S 

6.806 

6  800 

mpj  (mtPi) 

92  241.3 

41  665.8 

24  001.7 

15  722.4 

n ;  n* 

5  -,2  181 

3.245 

4-276 

5.285 

mp  1  (m*Pj) 

89  758 . 1 

40  992.5 

23  886.3 

15  668.0 

n ;  n* 

5;  2.210 

3.272 

4.287 

5.203 

mdt  (m-Dz) 

46  685.3 

26  202.1 

16  854.0 

11  762.4 

n  ;  n* 

5;  3.066 

4.003 

5.104 

6.108 

md  1  (miDa) 

46  531  0 

26  128.6 

16  814.2 

11  738.9 

D  ',71* 

5;  3.071 

4.000 

5.100 

6.114 

mft  (m2Fa)t 

27  955.1 

12  386.8 

n ;  n* 

4  ;  3  062 

5.053 

mf  1  (mi  pt)  t 

27  942.3 

17  828.7 

12  403.0 

n ;  n* 

4  ; 

4.062 

5.040 

mg  (rnKJ) 

12  223.2 

n  ;  n* 

6 ;  6. 003 

m 

7 

8 

ms  (m3Si) 

7  033 . 8 

5  540.6 

n* 

7.000 

8.001 

md  j  (m3D?) 

8  678.8 

6  667.6 

n* 

7.112  | 

8.114 

md  1  (m*/>  a) 

8  663.9 

6  657.7 

n* 

7.118 

8.120 

mfi  (mi Ft) 

9  092.5 

»* 

6.048 

m/i  ( miPi ) 

9  126.5 

n* 

6.036 

mo  (mKl) 

8  977.9 

6  872.1 

n* 

6.002 

7.002 

t  Some  /-pairs  are  inverse. 


Cl  Z  =  17.  .Yd  =  109  735.4. 

Cl  //  (24,  122,  124);  Cl  ///  (24,  232);  Cl  IV  (24);  Cl  V  (24,  213); 
Cl  VI  (27). 

Cl  17/  (26). 

Co  Z  =  27.  JVo„  =  109  736.1. 

Co  /  (56,  57,  200,  316 

Cr  Z  =  24.  Nor  -  109  736.0. 

Cr  /  (47,  50,  51,  52,  96,  98,  138,  141,  146).  Terms  (97)  have 
lieen  corrected  to  int.  scale;  an  additional  quintet  p-term  is  given 
(7  664.7,  7  575.7,  7  521.1)  which  is  not  included  here.  Here 
(')  and  (")  do  not  indicate  that  the  term  is  anomalous.  2P  terms 


Cr  I. —  C until i  uni 
Quintet  system 


m 

2 

3 

4 

6 

mS  (m*S  j) 

4(5  950.0 

16  660  0 

8  575. 1 

5  221  4 

n ;  n* 

4  ;  1 . 529 

2 . 666 

3.677 

4.080 

mPi  (mtPi) 

27  741.5 

15  632.3 

10  066  6 

7  477.0 

mP;  (mbPz) 

27  747.2 

mPi  (msPj) 

27  755.9 

mP *  (m5Pj) 

25  122.1 

13  612.8 

9  188.5 

mP[  (mip'j 

24  958.4 

13  560.1 

9  180.7 

mP't  (mip'j 

24  718.5 

13  499.5 

9  165.1 

mP'}'  (m»P") 

20  408 . 1 

10  417.0 

mP"  (m*P") 

20  352.5 

10  356.3 

mP ''  (m>P”) 

20  291.5 

10  283.4 

mDi  (m5Do) 

46  792.4 

mDt  (mbDi) 

46  732.4 

8  972.6 

mDx  ( mbDt ) 

46  615.9 

8  954.3 

mDi  (mbDi) 

46  448.2 

8  922  7 

mDi  (mbDi) 

46  235.5 

8  877  5 

mFb  (mbF  1) 

23  755.8 

13  636  7 

9  440  5 

mFi  ( mbFt ) 

23  684  4 

13  571.7 

9  372.8 

mFi  (m6P s) 

23  577  8 

13  457  0 

9  287.6 

mp;  (msP 4) 

23  436  7 

13  318.2 

9  156  4 

mPi  (m^Fb) 

23  262  7 

13  149  4 

8  998  4 

Septet  system 


m  |  1 

2  |  3 

m 

3 

4 

ms  (m:S 3) 

54  542.8 

17  647.5 

8  899.5 

mds  (m?Di) 

12  289.5 

6  843  7 

n ;  n* 

4;  1.410 

2.404 

3.611 

n ;  n* 

4  . 

4  004 

mpi  (m7Pz) 

31  238.4 

mdi  (m7D?) 

12  288.3 

6  842.4 

n ;  n* 

4;  1 .874 

n ;  n* 

4  ; 

4.004 

mp2  (m7P a) 

31  157.0 

mdi  ( m7Di ) 

12  286.7 

6  840.5 

n ;  n* 

4;  1 .877 

n ;  n* 

4  ;  2  989 

4.005 

mpi  (miPt) 

31  044.5 

mdi  (m7Z)i) 

12  281.5 

6  837.7 

n ;  n* 

4  ;  / . 880 

n ;  n* 

4  . 

4. 006 

mpi  (mtP') 

26  814.5 

mdi  (mTDi) 

12  281 .7 

6  833.2 

n ;  n* 

4;  2.023 

n ;  n  * 

4 

4.007 

mp2  (m’P') 

26  723.9 

n ;  n* 

4  \  2.026 

mp\  ( mip't ) 

26  608 . 1 

n ;  n* 

4;  2.0 11 

Cr  II  (138,  194);  Cr  III  (95);  Cr  IV  (94);  Cr  V  (93 
Cs  Z  =  55.  No  =  109  736.7. 

Cs  I  (15,  127,  163,  221,  224,  238,  239,  258,  263  ,v_.  rf-terms 
(76 ), /-,  <7-,  A- terms  (202,  203). 


m 

1 

2 

3 

4 

5 

ms  (mJ«Si) 

31  404.6 

12  868.9 

7  087.8 

4  494.9 

3  105.5 

2  274.0 

n ;  n* 

6;  1 .860 

2.020 

3.934 

4.941 

5.044 

6.947 

771  pi  (mip  1) 

20  226.3 

9  639.2 

5  695.3 

3  768  4 

2  678.2 

n ;  7i* 

6;  2.302 

3.374 

4.390 

5.396 

n  401 

mpi  (miP 7) 

19  672.3 

9  458.1 

5  614.7 

3  723.3 

2  651.4 

n ;  71* 

6;  2.362 

3.406 

4.4ii 

6.420 

6.433 

mdt  (m*Ds) 

16  905.0 

8  815.6 

5  356.5 

3  592.7 

n ;  n* 

5;  5^3 

3.628 

4.626 

6.627 

mdi  (m3D a) 

16  807.1 

8  772.8 

5  335  6 

3  581 . 1 

n ;  n* 

5;  2.565 

3.537 

4.636 

6.636 

tnfi  (miFi)t 

6  934.2 

4  435.1 

3  076.9 

n  •  71* 

4;  3.977 

4.075 

77l/|  (TTl’PjJt 

6  934.4 

4  435.3 

3  077.0 

n ;  n* 

4;  8.077 

6.972 

mu  (m^lt 

4  395.6 

3  059 

n ;  71* 

5 ;  4 

5 .  OIK 

mh  (m5//)t 

3  049  2 

n;  n* 

6;  5  999 

m 

7 

8 

9 

10 

11 

12 

ms  (m*S  1) 

1  738 

n* 

7.946 

mpi  (m3P  1) 

2  002.2 

1  551.0 

1  238  0 

1  010.1 

71* 

7.403 

8.411 

0.412 

m/>i  (m*Pj) 

1  985  1 

1  539.6 

1  230  6 

1  004  8 

836  5 

707.1 

n* 

7  436 

8  -  44- 

10.461 

mdt  ( m3Dt ) 

2  575.7 

1  936  1 

1  508  3 

1  208  6 

Will  4 

828  5 

»• 

6  527 

8  530 

p  $29 

mdi  (m*D  1) 

2  567.5 

1  931.7 

1  505  0 

1  .’"7  B 

988  7 

823.1 

n* 

6.537 

8.539 

are  inverse. 
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INTERNATIONAL  CRITICAL  TABLES 


Cs  /. — ( Continued ) 


m 

7 

8 

9  I 

10 

ii 

12 

mft  (m2F  3)f 

2  258.5 

1  727 . 7 

I  304  .111 

104.3 

912.1 

n* 

6.970 

7 . 969 

8.969\ 

9 . 969 

mfi  (m2F<)  t 

2  258.5 

1  727.8 

1  364.2  1 

104.3 

912.1 

765 . 8 

n* 

G.070\ 

7.969 

8.969\ 

9 . 969 

m 

1  13 

1  14 

|  15  |  16  | 

17  1 

18 

mpi  ( m-P ;) 

|  605. 

4  |  525 

. 1  |  459.3  |  405.8  | 

359.9  | 

322.3 

m 

1  19 

|  20 

|  21  |  22  |  23 

I  24 

25 

mp i  (m2P?) 

|  289 . 1 

|  261.6  | 

238.3  |  217.5  |  199.6 

|  183.3 

169.4 

m 

|  26 

1  27  | 

28  |  29  |  30 

1  31  | 

32 

mp i  (m1P.) 

|  157.1 

|  145.4  | 

135.9  |  125.4  |  117.7 

|  109.6  | 

103.2 

t  Not  quite  consistent  with  terms  if,  p,  d;  /-terms  are  inverse. 


Cs  II  (5). 

Cu  Z  =  29.  Ncn  =  109  736.2. 

Cu  /  (8>  129>  133>  239,  283,  284,  285,  291,  293,  301) 


Limits  (76).  Higher  terms  (307)  from  observations  (116>  323). 


m 

i 

2 

3 

4 

5 

6 

ms  (m2S i) 

62  308.0 

19  171.1 

9  459.5 

5  636.7 

3  739.2 

2  659.2 

n ;  n* 

4;  1.327 

2.302 

3.406 

4-413 

5.417 

6.424 

mpi  (m2P i) 

31  772.8 

12  957. 7t 

n ;  n * 

4 ;  1 . 859 

2.909 

mpi  (m2Pi) 

31  524.4 

12  925. 0t 

n ;  n* 

4  ;  1 . 865 

2.913 

mdi  (m2Di) 

49  062.61 

12  372.8 

6  920.8 

4  415.2 

3  061 

n ;  n* 

(3)  1 . 406 

4;  2.978 

3.982 

4.986 

5.988 

mdi  (m2Dz) 

51  105. 2} 

12  365.9 

6  917.1 

4  413.4 

3  059. 7§ 

n ;  n * 

(3)  1.466 

4;  2.979 

3.983 

4.987 

6.989 

mf  (m2F) 

6  879.2 

4  401.8 

n ;  n* 

4 ;  3.994 

4.993 

t  From  combinations  with  2d  found  by  Werner  C320),  see  (21). 

%  2di  and  2d 2  are  inverse. 

§  For  m  =  7,  mdi  =  2  257.2,  n*  =  6.974;  for  m  =  8,  mdi  =  1  721.8,  n*  = 
7.982. 

Cu  II  (286). 

F  Z  =  9.  Nf  =  109  734.0. 

F  /  (22,  35,  37,  42,  67,  68,  69) 

F  II,  F  III  and  F  IV  (22). 

Fe  Z  =  26.  ATe  =  109  736.0. 

Fe  I  (50,  54,  55,  98,  99,  113,  114,  1  57,  160,  188,  254,  297,  304, 
315,  317). 

Fe  II  (194). 

Ga  Z  =  31.  jVGa  =  109  736.3. 

Ga  /  I233).  Limits  (314). 


m 

2 

3 

4 

5 

6 

7 

ms  (m2Si) 

23  593.6 

10  797.5 

6  224.3 

4  050.8 

2  852.3 

n ;  n* 

5  ;  2.156 

3.187 

4.199 

6.204 

6.202 

mpi  (m2Pi) 

48  382.2 

8  006.4 

4  941.4 

n ;  n* 

4;  1.607 

3.703 

4-712 

mpi  (m2Pz) 

47  555.9 

7  965.3 

4  920.5 

n ;  n* 

4;  1.519 

3.712 

4.722 

mdi  ( m7Di ) 

13  600.5 

7  579.4 

4  807.9 

n  ;f  n* 

4;  2.841 

3.805 

4-778 

mdi  (m2D 3) 

13  594.2 

7  570.9 

4  803.4 

3  306.8 

2  357.1 

n  ;t  n* 

4;  2.842 

3 . 807 

4-780 

5.761 

6.823 

t  n  changed  from  value  of  (21)  to  accord  with  observations  of  (ls0). 

Ga  III  (240). 

Ge  Z  =  32. 


Ge  I  (91, 

176, 

242);  Ge  IV 

'  (43, 

CO 

CO 

M 

G1  Z  =  4 

;  see 

Be. 

1 

X  " 

H  Z  =  1. 

Nn 

=  109  67 

7.7, 

Nn  (  \ 
\m‘ 

f  +  ml) 

,17li< 

Ytl  2. 

m 

1 

1 

2 

1 

3  1 

4  1 

5  1 

6 

Nn/m 1 

1 109 

677.7  |27 

419. 

4  1 12 

CO 

Cl 

4* 

a 

854.85|4 

CO 

CO 

-1 

046. 

60 

m 

1 

7 

8 

9  1 

10  | 

11  1 

12 

N  H/m2 

1  2 

<n 

00 

cc 

CN 

713. 

7 1 1  1 

354 . 05|l 

096.78! 

906.43| 

761 . 

65 

m 

i 

13  | 

14 

1 

15  1 

16  | 

17  1 

18 

Nri/m* 

1 

648.981 

559 

58 1 

487.461 

428.431 

379. 5l| 

338. 

51 

H. — ( Continued ) 


m 

19  | 

20  | 

21  | 

22  | 

23  | 

24 

Nn/m 2  | 

303 . 82| 

274. 19| 

248.70| 

226.61| 

207 . 33| 

190.41 

m 

25  | 

26 

27  | 

28  | 

29  | 

30 

Nn/m-  | 

175.481 

162.25| 

150.45| 

139.90| 

130.4l| 

121  86t 

Series  observed:  mi  —  1  ( 1 6 7 ),  2  (6»  327),  3  (221),  4  (33);  discussion  of  data 
(I62);  theory  of  fine  structure  (18>  1  9»  29*). 
t  Arn/(31)2  =  114.13. 


He  Z  =  2.  NHe  =  109  722.2. 

He  /  has  2  systems  of  terms;  He  II  has  one. 

He  /  (126,  170,  221,  222,  250,  268).  Terms  (234) 


Singlet  system  (“Parhelium  ”) 


m 

1 

2 

3 

4 

5 

6 

mS  (m1^) 

198  284.lt 

32  033.3 

13  445.91  7  370.5 

4  647.2 

3  195.8 

n ;  n* 

1;  O.744 

1.851 

2.857 

3.859 

4.859 

5.860 

mP  (m'P) 

27  175.9 

12  101.4 

6  818.1 

4  368.3 

3  035.8 

n ;  n* 

2;  2.010 

3.011 

4.012 

5.013 

6.012 

mD  (mlD) 

12  205.8 

6  864.3 

4  392.5 

3  050.0 

n ;  n* 

3;  2.998 

3.998 

4.998 

5.998 

mF  ( mlF ) 

6  857.8 

4  390.7 

n ;  n* 

4;  4.000 

5.000 

mG  (m'G) 

4  391 

n ;  n* 

5;  4.999 

m 

7 

8 

9 

10 

11 

12 

mS  (m>5) 

2  331.8 

1  776.0 

1  397.9 

1  128.6 

780.7} 

n* 

6.860 

7.861 

8.861 

9.860 

mP  ( m'P ) 

2  231.6 

1  709.4 

1  351.1 

1  094.6 

904.8 

760.4 

n* 

7.013 

8.012 

9.012 

10.013 

mD  ( mlD ) 

2  240.7 

1  715.3 

1  355.5 

1  097.9 

907.4 

762.5 

n* 

6.998 

7.998 

8.999 

9.998 

m 

13 

14 

15 

16 

I7 

18 

vi P  (m]P) 

648. 1 

558.9 

486.9 

428.0 

379.1 

338. 2  § 

mD  (mlD) 

649.8 

560.1 

Doublet  system  ( 

“Orthohelium  ”) 

m 

1  2 

3 

4 

5 

6 

7 

ms  (m2S  1) 

38  454.7 

15  073.9 

8  012.5 

4  963.7 

3  374.5 

2  442.4 

n ;  n* 

2 ;  1.689 

2.698 

3.701 

4.702 

5.703 

6.703 

mpi  (m2Pi) 

29  222.9 

n ;  n* 

2;  1 . 938 

mpi  (m2Pi) 

29  223.9 

12  746.1 

7  093.6 

4  509.9 

3  117.8 

2  283.3 

n ;  n* 

2;  1 . 938 

2.934 

3.933 

4-932 

6.933 

6.933 

md  ( m7D ) 

12  209.1 

6  866.2 

4  393.5 

3  050.6 

2  241  0 

n ;  n* 

3  ; 

3.998 

4.998 

6.998 

6.998 

mf  (mW) 

6  858.2 

4  389.0 

n ;  n* 

4]  4.000 

5.000 

mg  (mHj) 

4  391 

n ;  n* 

5  ;  4  999 

m 

8 

9 

10 

11 

12 

13 

14 

ms  (m2Si) 

1  849.2 

1  448.6 

1  165.2 

958.0 

801.3 

680.0 

583 . 9 

n* 

7.704 

8.705 

9.705 

mpi  (m2Pi) 

1  743.9 

1  375.3 

1  112.4 

918.0 

770.6 

655.9 

565.1 

n* 

7 .932 

8.933 

9.932 

md  (m2D) 

1  715.6 

1  355.4 

1  097.7 

907.2 

762.3 

649.5 

560.1 

n* 

7.998 

8.998 

9.998 

m 

15 

16 

17 

18 

19 

20 

21 

ms  (m2Si) 

508.4 

mpi  ( m2Pi ) 

491.9 

432.1 

382.5 

341.0 

305.9 

275.9 

250. 2D 

md  ( m2D ) 

488.0 

428.6 

379.7 

338.3 

303 . 6 

27  :  6 

248.5 

2p-terms  are  inverse;  5(7  and  5(7  from  (233);  theoretically  doublets  should  be 
unresolved  triplets,  hence  Russell-Saunders'  notation  is  doubtful,  cf.  /-values 
(220,  247);  several  series  which  violate  the  k  selection  rule  have  been  observed 
in  electric  fields  (71»  147»  l®4,  300,  313);  Lyman  (,7°)  records  a  line  which  he 
thinks  represents  a  combination  between  a  doublet  and  a  singlet  term, 
j  (88,  169). 

}  13.S  =  655.2. 

§  19 P  =  303  6,  20P  =  274  0 
||  22pi  =  227.9. 


SPECTRAL  SERIES:  Cs  TO  K 


31  n) 


He  //. 

[=  i)’wl 


rn 

i 

2 

3 

4 

5 

6 

4  N  He/ 

m7 

1438 

888 

8  109 

722  2  1 48 

7  65 . 

4  1 

27 

430 

55 1 17 

555 . 

55112 

191 

36 

m 

1 

7 

1 

8 

9 

10 

1 1 

12 

4  ArHo 

m7 

1  8 

156 

•111  6 

857.64|  5 

418 

■381 

4 

388 

89 1  3 

627 

18|  3 

047 

.84 

m 

13 

14 

15 

16 

17 

18 

1  ,V  He 

m  7 

2 

596 

.  98|  2 

239.23|  1 

950 

•  ®2| 

1 

714 

4 1|  1 

518 

65|  1 

354 

59 

m 

19 

20 

21 

4  Nue- 

m  2 

1 

1  2 

115.76 

i 

1 

097 

22 

1 

995  2 

1 

Series  observed:  mi  *  1  (17°),  2  (168),  3  (73)t  4  (228);  for  mi  =  4,  lines 
corresponding  to  even  values  of  mi  are  observed  in  stellar  spectra  and  there 
called  Pickering  lines  of  II  Theory  of  fine  structure  (I8>  ,9>  294). 


Hg  Z  =  80.  A’, i*  =  109  736.8. 

Hg  I  (90>  128>  131,  I®8,  221,  222,  223,  225,  226,  227,  252,  259, 
264,  277,  324,  326).  Terms:  g,  h,  i  (115)  very  inaccurate,  others 
(234)  nearly  identical  with  Fowler’s  (76).  Differentiation  of  F- 
and  /-terms  not  certain.  Dingle  (66)  gives  different  arrangement. 


Singlet  system 


m 

i 

2 

3 

4 

5 

6 

mS  (m'So) 

84  181.2 

20  253.0 

9  776.6 

5  777 . 1 

3  815.7 

n ;  n* 

6;  1  142 

2.328 

8.350 

4.358 

5.363 

mP  ( mxP\ ) 

30  112.5 

12  886.1 

7  319. Ot 

5  368.2 

4  217  2 

n;  n* 

6  ;  1 . 000 

2.010 

3.872 

4.522 

5.102 

mD  (mxDi) 

12  848.0 

7  117.2 

4  520.7 

3  123.9 

n  ;  n* 

6 ; 

3.026 

4.927 

5.927 

mF  ( mxFi ) 

6  939.8 

4  438.3 

n ;  n* 

5;  3.978 

4.973 

m 

7 

8 

9 

10 

n 

12 

mP  ( mxPi ) 

3  026  9 

2  237.6 

1  717.2 

1  355.1 

1  097.3 

900.8} 

n* 

6.021 

7.003 

7.994 

9.000 

10.000 

mD  ( mxD 2) 

2  288.1 

1  745.8 

1  376.1 

1  1x1.5 

71* 

6.926 

7.029 

8  980 

9 . 936 

Triplet  system 


m 

2 

3 

> 

5 

6 

7 

ms  (m*iSi) 

21  830.8 

10  219.9 

5  964.8 

3  912.8 

2  765.0 

2  057.5 

n ;  n* 

7;  2.242 

3.277 

4-289 

5.296 

6.299 

7.303 

mp 3  (m3Po) 

46  536.2 

14  664.5 

7  734.4 

4  805.8 

3  279.6 

2  381.3 

n ;  n* 

6 ;  1.535 

2.735 

3.767 

4.779 

6.784 

6.  788 

mp*  (m3P  1) 

44  768.9 

14  519.1 

7  714.6 

4  768.7 

3  264.7 

2  373.7 

n ;  n  * 

•  ;  1 

2.749 

3.771 

4.798 

6.798 

6.800 

mp  1  (m*Pi) 

40  138.3 

12  973.5 

7  357.8 

4  570§ 

3  158.4 

2  307  4 

n ;  n* 

6;  1 .653 

2.908 

3.862 

4.900 

6.893 

6.896 

mdi  ( miDi ) 

12  845.0 

7  096.5 

4  502.7 

3  110.2 

2  279.4 

n ;  71* 

G  ; 

3.932 

4.936 

6.940 

6.939 

mdi  (m*Di) 

12  785.0 

7  073.2 

4  491.0 

3  104.5 

2  273.1H 

n ;  n* 

6;  2.930 

3.938 

4.943 

6.945 

6.948 

md  1  (m3Z)i) 

12  749.9 

7  051.7 

4  478.7 

3  096.3 

2  269.6 

n ;  n* 

G  . 

3.9  45 

4.960 

6.963 

6  954 

mfi  (m*Ft) 

6  938.4 

4  436.3 

n ;  n* 

5;  3.976 

4.9  74 

mf  1  (mJFj) 

6  936.9 

4  432.2 

3  074.8 

2  254  11 

n ;  n* 

5  ; 

4-977 

6.974 

6.977 

m/i  (m'Ft) 

6  937 

4  432 

n  ;  n* 

B;  3.977 

4.977 

mo  (mHj) 

4  395 

3  053 

2  243 

n ;  71* 

5;  4.997 

6 . 995 

6.995 

mh  (m3//) 

(3  038) 

(2  237) 

a; 

6;  6.010 

7.004 

mi  (m37) 

(2  216) 

n ;  n* 

7;  7  037 

m 

8 

9 

10 

11 

12 

13 

ms  (m3Si) 

1  590.3 

1  265.6 

1  030  7 

855.1 

616.8 

n* 

8.307 

9.312 

10.318 

mp«  (m*P  1) 

1  802.3 

1  415.4 

1  142.0 

n* 

7.803 

8.806 

mp  1  (m3P*) 

1  759.3 

1  387.7 

1  120.1 

925.2 

775.6 

662.8 

71* 

7.898 

8.892 

>.»> 

md  1  (m3Dj) 

1  734  5 

1  366.4 

1  105  2 

911.7 

764  2 

650.5 

n* 

7  964 

8.962 

9.965 

Hg  I.  Triplet  system.  Continued 


m 

14 

15 

16 

1  ! 

18 

19 

ms  (m3Si) 

532.0  I 

464 . 1 

409 . 4 

mpt  (m*P ?) 

568  3  , 

493  5  1 

436.0 

388  5 

347.0 

md  1  (m*Di) 

559 . 1 

486.8 

427.2 

376  9 

335  4  | 

301  0** 

t  From  (3  *  9). 

t  13/'  -  761.0. 

5  From 

H  8 dt  *=  1739.4, 

n* 

=  7.942. 

•  8/;  =  1723.2. 

n* 

=  7.980. 

**  20di  =  269.2 

,  21</i  =  243.8. 

In  Z  =  40. 

Ari„  =  100 

73(5.6. 

In  I  (1  30,  235). 

Limits  (31 4). 

m 

2 

3  1 

4 

5 

6 

4 

ms  (m7S  1) 

22  289.2 

10  360.4 

6  025.2 

943.4 

2  781 .2 

2  063.0 

n ;  n* 

6  ; 

8.251, 

4 . 268 1 

5.276 

6.281 

7 .29  \ 

mp»  (m5Pi) 

46  662 . 1 

7  801.2 

836.7 

3  290.7 

2  386 

n ;  n* 

5 ;  1  533 

3.  75l\ 

4  764 

5.774 

6.  7  82 

mpx  (m7Pi) 

14  449.3 

7  689  9 1 

780 . 1 

3  261.3 

2  364 

n ;  rt* 

5;  1.571 

3. 777 

4 . 792 

6.80l\ 

6.813 

mdi  (m7D*) 

13  770.0 

7  613.5  4  824.0 

3  322.8 

2  437 

n  ;t  n* 

6;  2  9 

3 . 796 

4.770 

5.747 

6.710 

md  1  (m*D  3) 

13  746.1 

7  564.8  4  800.3 

3  304.3 

2  439.6 

n  ;t  n* 

5;  2.825 

8 . 808' 

4-782 

5 . 76S\ 

6.707 

m 

8 

9 

10 

u 

12 

ms  (m2Si) 

1  594 

1  220 

n* 

8.298 

9.484 

mpt  (m2P.) 

1  798 

n* 

7.812 

md  1  (m-Dz) 

1  849 

1  450 

1  168 

960 

803 

n * 

7.704 

8.700 

9.693 

t  n  changed  from  \ 

alue  of  (21)  to  accord  with  observations  of  (,5°). 

In  III  (240). 

Ir  Z  =  77.  Nu  =  109  736.8. 

Ir  /  (I97). 

K  Z  =  19.  Nk  =  109  735.6. 

K  I  (14,  1  5,  127,  163,  221,  224,  238,  258,  263).  p-terms  (65); 


others  (76)  corrected  to  limit  calculated  by  (65). 


m 

1 

2 

3 

4 

5 

6 

ms  (m2S j) 

35  008.5 

13  982.9 

7  558.3 

4  735.4 

3  243.1 

2  360.1 

n ;  n* 

4 ;  1.771 

2.802 

3.800 

4. 814 

6.817 

6.819 

mpt  (m-P  1) 

22  023.4 

10  307.0 

6  011.9 

3  938.7 

2  780  8 

n ;  n* 

4;  2.232 

3.263 

4.272 

6.279 

6.281 

mpi  (m*P j) 

21  965.7 

10  288.3 

6  003.8 

3  934.3 

2  778.5 

n ;  7i* 

4 ;  2. 235 

3 . 266 

4.275 

5.282 

6’ .  284 

md  ( m2D ) 

13  472. 9t 

7  610.9} 

4  824.5 

3  312.4 

n ;  7i* 

3;  2.854 

3.797 

4-770 

5 . 756 

mf  (m7F) 

6  881.1 

4  406.8 

3  059.1 

n ;  71* 

4  ;  3 . 994 

4.991 

5.990 

mg  (m*G) 

4  389  0 

n ;  71* 

5  ;  4 . 999 

mh  ( m7H ) 

3  042  7 

n ;  7i* 

6;  6. 005 

m 

7 

8 

9 

10  |  11 

12 

ms  (m3«Si) 

1  794.1 

1  410.3 

1  138.8 

939.2  1 

71* 

7.821 

8.821 

9.816 

mp  1  (m’Pi) 

2  068.4 

1  598.4 

71* 

7.284 

8.286 

mpi  (mtPj) 

2  066.7 

1 597  3 

1  271.7 

1  036.2  860.8 

726 

71* 

7.287 

8.289 

9.290 

10.291 

md  (m*D) 

2  410.0 

1  830.4 

1  436.2 

1  158.9  958.5 

71* 

6.  748 

7.743 

8.741 

9.731 j 

mf  (m7F) 

2  246  9 

1  717.1 

71* 

ff .  989 

7.994 

m 

1  13  1 

14 

15 

16 

17  1 

18 

mpi  (m3P?) 

|  621  2  | 

537  1  | 

469 

413  4  j 

366  9  1 

327 

9 

m 

19 

20 

21 

23 

24 

mpi  (m*Pt) 

294  8  | 

266  4 

242 

0  I 

220  8  | 

202  3  | 

186 

0 

m 

25 

26 

27 

28 

29  | 

mm  (msPt) 

171  4  1 

158  7  | 

147 

9 

137  0 

127  8  | 

119 

t  3d  is  double  and  inverse:  3di  —  3dj  —  2.74  (i4’ 

X  Term  value  uncertain,  lines  2p  —  4 d  abnormally  faint 


400 


INTERNATIONAL  CRITICAL  TABLES 


K  /. — ( Continued. ) 


m 

1  31 

|  32 

33 

34 

35 

36 

mpi  (m-P«) 

112  0 

105.  1 

98 . 9 

93.3 

88.2 

83 . 3 

m 

|  37 

|  38 

39 

40 

41 

42§ 

mpi  (maP 2) 

78 . 9 

74.6 

70 . 6 

66.8 

63.8 

59.8 

§  43;j,  =  57.4. 

K  77  (34,  36,  62,  63,  21  9,  249  , 

K  71' 

(*24). 

Kr  Z  =  36.  Nkv  =  109  736.4. 

Kr  / 7  (135). 

La  Z  =  57.  A' La  =  109  736.7. 

La  I  (I98,  107 

190,  191,  1  92,  237) 

La  11  (107,  237). 

Li  Z  =  3.  Ni 

.i  =  109 

728.5. 

Li  7  (15,  127, 

49,  1  63 

221,  224,  258,  263).  Limits  (7B). 

m 

i 

2 

3 

4 

5 

6 

ms  (m2iS) 

43  486.3 

16  280.5 

8  475.2 

5  187.8 

3  500.4 

2  535.6 

n  ;  n* 

2  ;  1 . 588 

# . 696 

8.508 

4.599 

5 . 599 

6.678 

mp  (m2P) 

28  582. 5f 

12  560.4 

7  018.2 

4  473.6 

3  099.2 

n ;  n* 

2  ;  1 . 966 

2.956 

3.954 

4  ■  953 

6.961 

md  (m-D) 

12  203.1 

6  863 . 5 

4  389.6 

3  047.0 

n ;  n* 

3;  2. 999 

3.998 

5.000 

6.001 

mf  (m-F) 

6  856.1 

4  381.8 

n ;  n* 

4  ;  4 . 000 

5.005 

my  (mKi) 

4  386 

n ;  n* 

5;  5.002 

mh  (m2//) 

3  042 

n ;  n * 

6;  6.006 

m 

7 

8 

9 

10 

11 

12 

mp  (m2P) 

2  273.3 

1  736.3 

1  372.7 

1  113.6 

917.2 

771.7 

n* 

6.948 

7.749 

8.941 

9.927 

md  (m2D) 

2  237.4 

1  699.0 

1  345.2 

n* 

7.003 

8.036 

9.032 

m 

13 

14  | 

15 

16 

17 

18 

mp  (m2P) 

658 . 3 

560.7  | 

490.7 

429.4  | 

381.2 

340.3 

m 

19 

20  | 

21 

22 

23 

24 

mp  (m2P) 

304.9 

275.0  | 

248.9 

228.3  | 

207.7 

188.9 

m 

25 

26  | 

27 

28  | 

29 

30 

mp  (m2P) 

175.8 

160.8  | 

149.9 

142.0  | 

131.1 

122.5 

m 

31 

32  | 

33 

34 

35 

36 

mp  (m7P) 

114.6 

107.8  j 

101.4 

95.0  | 

90.9 

85.8 

m 

37 

38  | 

39 

40  | 

41 

42 

mp  ( m2P ) 

81.6 

77.7  | 

73.9 

69.4 

65.4 

62.0 

t  2 p  is  double,  2p2  —  2pi  = 

0.34 

329). 

Li  77  (214,  215,  280,  281,  282,  302,  321, 

322).  Terms  ( 

32  2.5  ^ 

Spectrum  analogous  to  that  of  He  7. 


Singlet  system  (“Parlithium”) 


rn 

i 

2 

3 

4 

5 

6 

mS  ( m1S ) 

(607  000) 

118  718 

51  300 

28  486 

18  083 

12  503 

n ;  n* 

1;  (0.851) 

1.923 

2.925 

3.925 

4.927 

5.925 

mP  ( mlP ) 

108  263 

48  330 

27  247 

n ;  n* 

2;  2.013 

3.014 

4-014 

mD  (mlD) 

48  804 

27  454 

17  568 

12  200 

n ;  7 1* 

3;  2.999 

3.998 

4.998 

6.998 

mF  (mlF) 

27  435 

17  557 

12  194 

n ;  7i* 

4  ;  4 . 000 

6.000 

6.000 

Terra 

7'S 

9  153 

7  'D 

8  962 

7  'F 

8  958 

8  'D 

6  863 

8i  F 

6  857 

71  * 

6.925 

6 . 998 

7.000 

7.997 

8.001 

Triplet  system  (“Ortholithium”) 


m 

2 

3 

4  ! 

5 

6 

7 

ms  (m*S) 

134  041 

55  327 

30  0971 

18  895 

12  957 

9  438 

n;  n* 

2; 1.810 

2.817 

3.S/.9 

4.820 

5.820 

6.820 

mp  (m*P) 

115  812 

50  578 

28  191 

17  947 

12  422 

n ;  n* 

2;  1.947 

2.9A6 

3.946\ 

4 . 945 

5.944 

md  (m'D) 

48  834 

27  467! 

17  574 

12  203 

8  064 

n;  n* 
mf  ( m*F ) 
n;  n* 

3;  2.998 

27  435 

4 ;  4 . 000] 

4.998 
17  557 
5.000 

5.  997 
12  193 

5 . 999 

6.997 

8  958 1 
7.000 

t  S‘F  =  6  858,  n*  =  8.000. 


Mg  Z  =  12.  A’m  =  10!)  734.7. 


Mg  7  (86>  128i  *31,  222,  259,  264)  Terms  (76);  anomalous 

terms,  see  (* 1  * ). 

Singlet  system 


m 

t 

3 

4 

5 

8 

mS  (mlSo) 

61  672.1 

18  169.0 

9  115.8 

5  485 . 7 

3  661.6 

n ;  7i* 

3  ;  / . 334 

2.457 

3.470 

4-473 

5.474 

vi P  ( rn 'Pi ) 

26  620.7 

12  325.5 

6  972.6 

4  461 

3  103 

n  ;  7i* 

3 \  2.030 

2.984 

3.966 

4 . 960 

5.947 

mD  (m'Dz) 

15  268.9 

8  537.4 

5  363.6 

3  648.7 

n ;  77  * 

3;  2  681 

3 . 586 

4-524 

5.484 

771 

7 

8 

9 

10 

11 

12 

mP  (m'Pi) 

2  277 

1  741 

n* 

6 . 942 

7.939 

ml)  ( 77i 1 D 2 ) 

2  631.6 

1  982.7 

1  544.9 

1  237.0 

1  012.3 

845.41 

72* 

6.457 

7.440 

8.428 

9.418 

IO.412 

Triplet  system 

m 

2 

3 

4 

5 

6 

7 

ms 

20  474.5 

9  799.3 

5  781.3 

3  817.0 

2  709 . 1 

2  022.1 

n ;  71* 

4  ;  !  1  ! 

3.347 

4-357 

5.362 

6.364 

7. 366 

mp3  (77l3Po) 

39  821.3 

n ;  77  * 

3;  /  660 

mp2  (m3Pi) 

39  801.4 

13  824.1 

4  653.2 

n ;  72* 

3;  /  660 

2.818 

4-856 

mpi  (m3P 2) 

39  760.5 

13  820.0 

7  419.0 

4  651.9 

3  184.5 

n ;  n* 

3;  1 .661 

2.818 

3 . 846 

4-857 

5.870 

md  ( m3D ) 

13  714.7 

7  479.5 

4  704.1 

3  229.3 

2  352.9 

n ;  72* 

3  ;  .  S  t  > 

3.830 

4.830 

5.830 

6.829 

mf  ( m3F ) 

6  994.8 

4  469.0 

n ;  n* 

4  ;  :  960 

4.956 

m 

8 

9 

10 

I* 

12 

13 

ms  (m°Si) 

1  567.1 

1  250.3 

72* 

8.368 

9.369 

md  (m*D) 

1  790.3 

1  408.5 

1  136.4 

936.1 

784.2 

667. 6t 

72* 

7.829 

8.827 

9.826 

t  130  =  716.2.  X  14rf  =  574.0. 


Mg  77  (74>  75>  *65i  24S).  Term  values  calculated  from  data 
(76)  and  4/-liinit  (90),  corrected  to  int.  scale.  Spectrum  analogous 
to  that  of  Na  7. 


m_ I  1  |  2  |  3  1  4  |  5  |  6 


ms  (m2Si) 

121  268.8 

51  463.6 

28  482.6 

18  070.7 

12  484.1 

9  139.0 

n;  n* 

3;  1 .903 

2.920 

3.925 

4.928 

5.930 

6.931 

mp 2  (m2P  1) 

85  599.4 

40  648.0 

23  813.9 

15  645.7 

n ;  n* 

3;  2.265 

3.286 

4.293 

5.297 

mpi  (m2P 2) 

85  507.8 

40  617.5 

23  799.8 

15  638.1 

n ;  n* 

3;  2.266 

3.287 

4.294 

5.299 

mdi  (m-D 2) 

49  778.4 

n ;  n* 

3  ; 

md  1  (m-D  3) 

49  777.4 

27  956.7 

17  847.7 

12  367.9 

n ;  n* 

3  ; 

3.962 

4.960 

5.957 

mf  ( m*F ) 

27  468.8 

17  578.6 

12  206.2 

n ;  n* 

4;  3.997 

4.997 

5 . 997 

mg  ( m-G ) 

12  196.0 

n;  n* 

6 ;  5. 999 

rn 

7 

8 

9 

10 

1* 

12 

ms  (m2Si) 

6  976.6 

5  502.2 

n* 

7.932 

8.932 

md  1  (m-D  3) 

9  070.8 

6  933.1 

5  473.1 

n* 

6.956 

7.956 

8.956 

mf  (m-F) 

8  967.0 

0  865 . 2 

5  423.7 

4  393.1 

3  630.5 

3  050.4 

n* 

6.996 

7.996 

8.996 

9 . 996 

mg  (m*G) 

8  958.9 

6  860.6 

5  420.7 

i  h  1  s 

3  628.7 

3  049.1 

71* 

6.999 

7.999 

8 . 999 

9 . 999 

Mn  Z  =  25.  Nuu  =  109  736.0. 


Mn  7  (49>  50,  105,  175).  Terms  (4S)  according  to  theory  (296); 
/-terms  (2)  have  been  corrected.  All  d-  and  /-terms  of  sextet 
system  are  inverse.  Here  ('),  ("),  ...  do  not  indicate  that  the 
terms  are  anomalous. 

Sextet  system 


mS  j  mPi  j  mP.  j  mP  i  j  rnP^  j  m/'( 


m 

1 

(m*Sj) 

59  937. 5t 

(m»Pt) 

(mfPt) 

(m‘P.) 

<m‘K> 

C m */^) 

2 

3 

18  533. 5J 
9  032. 9§ 

35  158.2 

35  149.5 

35  135.2 

24  247.4 

24  211.7 

t  n*  =  1  353.  t  n*  =  2.432.  §  n*  =  3. 486. 
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Mn  I .  Sextet  system. — ( Continued 


"*”i 

mPt 

<'  1 

mp”' 

m 

(m*P\) 

<m*l^l 

(m*/’',') 

("•<>  , 

(m*/*;") 

<*•/*;"> 

2 

24  167.5 

14  943.6 

14  781  4 

14  678.3 

10  049.5 

9  925  1 1| 

mOj 

mDi 

mDi 

mDt 

mDi 

mU' 

s 

m 

(m'flil 

tm‘D») 

( m‘D» )  | 

(m‘Di) 

(m‘D'l 

3 

42  300.3 

42  369.0 

42  48.5  9 

42  665.5 

42  885.1 

17  738.8 

mO[ 

mD\ 

mDt 

mO[ 

mD" 

m/) " 

m 

(m*D'j 

<m‘D') 

(m‘D') 

(m‘7>') 

(m«D") 

(m*D’’) 

3 

17  994.0 

17  88.3.8 

18  004.8 

18  148  0 

12  717.7 

12  719.4 

1 

ml)'[ 

 // 

*< 

ml/" 

4 

ml/'f 

m 

(m*D") 

{m*D”) 

(m>D"') 

(m‘D”') 

3 

12  722.0 

12  725.5 

12  7.30.2 

11  619.5 

11  636.5 

11  666.5* 

mFt 

mF  k 

mF  4 

mF  j 

mFz 

mF  i 

m 

4 

(m*F ,) 

16  264.5, 

(m*Ft) 

16  293  o 

( mtFt ) 

16  342.0 

(m,Fi) 

16  413.3 

(m’Ft) 

16  508.9 

16  624.2 

Octet  system 


m 

2 

3 

4 

5 

m 

3 

ms  (m*Si) 

20  506.1 

9  779.9 

5  757.4 

3  793 . 1 

mdi  (m^Dz) 

13  231  3 

n* 

3.314 

3.346 

4.365 

5.370 

n* 

S.880 

mpt  (m8P j) 

41  535.0 

7  448.5 

md 4  (m’Dj) 

13  230.4 

n* 

1 .625 

3.838 

n* 

2.880 

mpt  (mHP*) 

41  405.8 

7  441.1 

rmfa  (m*D 4) 

13  229.1 

n * 

1 .618 

3.835 

n* 

2.880 

mp i  (m8Pft) 

41  232.1 

13  956. 1 

7  431.6 

4  675.4 

m*fi  (m8Z>4) 

13  227.3 

n* 

1 .631 

3.804 

8.S43 

4-844 

n* 

3.880 

3  |  4  |  5  ;  6 


md  1  (m9D«) 

13  224.9 

7  234.7 

4  561.8 

3  145.3 

n* 

2.880 

3.894 

4.004 

5.907 

mf  (m»F) 

6  962.9 

4  438.3 

n* 

3.969 

4.078 

1  2 9  838.4. 

1  3 £>'"  =  11  711.5;  3D',"  =  11  769.6. 


Mn  11  (2,  19“) 

Mn  III  (95). 

Mo  Z  =  42.  A'mo  =  109  736.5. 

Mo  /  (48.  52>  193,  325)  Terms  and  limits  (I36);  mP- terms 
are  inverse;  here  (')  and  (")  do  not  indicate  terms  are  anomalous. 
(Limits  calculated  by  Catalan  (48>  52)  differ  from  those  used  here.) 

Quintet  system 


m 

2  |  3 

4 

m 

3 

mS  (m*St) 

48  792.2  18  720. 1 

9  455.3 

mDi  (msDo) 

48  594.6 

n* 

1.500  3.431 

3.406 

mDi  (m*Di) 

48  417.6 

mPi  (msPi) 

30  636.9 

mDt  (m*D s) 

48  106.1 

mPt  (m%Pt) 

30  723.8 

mDt  ( mlDt ) 

47  702.0 

mP  1  (m‘Pi) 

30  84.5.3 

mDi  (mhD 4> 

47  214.3 

3 D\  (3 >d;> 

26  908  2 
3 D"  (3 *D") 
22  460  4 


3D'  (A’D[ ) 

3Dj  (3»£>/) 

3D'  (35D' ) 

26  661.8 

26  281.4 

25  605.5 

3 D"  (3‘D") 

3D"  (3‘D") 

3D"  (3‘D/) 

22  267.4 

21  981.3 

21  592  1 

24  479.4 
3D"  (3‘D") 
21  137.6 


Septet  system 


m  |  1 

2 

m 

2 

3 

ms  (m;  Si)  |59  560  1 

19  88.5.0 

mp'  (m’P’j 

27  647.0 

n  ;  n*  5 ;  /  . 36? 

8.340 

md$  (m7  D 1) 

14  824.7 

mpi  (rn’Pj) 

33  946 . I 

md 4  (m7  Dt) 

14  620.0 

mpt  (m’P a) 

33  688.8 

mdi  (m7Dj) 

14  613  1 

mpi  (m’P i) 

33  239.9 

md t  (m7  D4) 

14  603.3 

mp*  (m’P'j 

28  260.4 

md{  (m:  &k) 

14  590  5 

28  027.0 

Mo  11  (I93.  325 

NZ  7.  A\  109  732.9 

N  /  (123,  1  39,  1  40,  249 


N  II  (22,59,84,  137,  249,.  Fowler  81  gives  relative  \  alues 
for  a  singlet  and  a  triplet  system. 

N  III  <22). 

Na  Z  =  11.  An.  =  109  734.5. 

Na  /  (15,  64,  127,  1  48,  163,  221,  224,  258,  263,  328  Limits 

C76). 


m 

1 

2 

3 

4 

5 

6 

ms  (m*Si) 

41  449.0 

15  709  5 

8  248.3 

5  077 . 3 

3  437  3 

2  480  7 

n ;  n  * 

3 ;  1  6»6 

3.643 

3.647 

4 . 649 

5 .  (160 

0 . 66 1 

mpi  (m’P  1) 

24  492  8 

11  181  6 

6  408  8 

4  152  8 

2  908.9 

n ;  n* 

3;  3.110 

3.133 

4138 

5 . 1 40 

6.141 

mp,  (m’Pt) 

24  47.5.7 

11  176.1 

6  406  3 

4  151  3 

2  907.5 

n ;  n* 

3;  3  11 7 

3.133 

4.139 

6.141 

6.143 

rmi  (miD) 

12  276.2 

6  900.4 

4  412  5 

3  061.9 

n ;  n* 

S;  2.990 

3.988 

4.987 

5.987 

mf  (m’F) 

6  860 . 4 

4  390.4 

3  041  5 

n ;  n* 

4;  3.990 

6.000 

6.006 

mg  (mHj) 

4  389.8 

n ;  n* 

5 ;  6  .  000 

rnh  (m*//) 

3  046  3 

n ;  n* 

6;  6.00S 

m 

7 

8 

9 

10 

11 

12 

ms  (m*S  1) 

1  874  5 

1  466.0 

1  175.5 

966 .  1 

804  4 

679.5 

n* 

7.651 

8.653 

9.663 

mpt  (m!P  1) 

2  150.7 

1  655.4 

n* 

7.143 

8.143 

mpi  (m’P  1) 

2  149.8 

1  654.1 

1  312.3 

1  065.9 

883.4 

743.3 

n* 

7.144 

8.145 

9.145 

10.147 

md  ( m*D ) 

2  248  6 

1  720,9 

1  357.2 

1  098  7 

907.1 

761  7 

n* 

6.986 

7.986 

8 . 993 

9.994 

m 

13 

14 

1.5 

16 

17 

18 

mpi  (m’P  1) 

634.9 

548.1 

478.6 

421  1 

373.9 

333  5 

md  (m-D) 

647.7 

559.0 

491 

m 

19 

20 

21 

22 

23 

24 

mpi  (m’Pt) 

299.5 

270.3 

245.1 

223  4 

204  7 

187.9 

m 

2.5 

26 

27 

28 

29 

30 

mpi  (m2Pz) 

173  3 

160.3 

148  1 

137.9 

128  7  |  120.3 

m 

31 

32 

33 

34 

35 

36 

mpi  (m-Pz) 

112.8 

106.1 

99.9 

94.2 

89.0 

84.2 

m 

37 

38 

39 

40 

41 

42 

mpi  (m’Pt) 

79  7 

7.5  .5 

71  7 

68  l 

64  9 

61.9 

m 

43 

44 

4.5 

46 

47 

48 

mpi  (m’Pt) 

.59  0 

56 . 3 

.5.3.8 

51  .5 

49  4 

47  3 

m 

49 

50 

51 

52 

53 

54 

mpi  (m’P  1) 

4.5  .5 

43  6 

41.9 

40.3 

38.8 

37  4 

m 

55 

56 

57 

58 

mpi  (m*Pt) 

36.  1 

35.0  | 

34  4 

33.8 

Na  II  (89). 

Nb  Z  =  41;  see  Cb. 

Ne  Z  =  10.  A'n,  =  109734.2.  Ne  I  has  2  systen  mal” 

and  “Displaced;”  actually,  both  are  equally  normal.  The  term 
values  for  normal  state  (173  918  and  1 , 3  918  ,  si  eonvspond  to 

the  Lr  and  Lj-X-ray  levels;  ionization  potentials  21.466  and 
21.562  volts. 

Ne  I — P  =  Pasehen's  original  notation.  l!->  Ruseell-Haundere 


notation. 

Term  values  from 

Past 

hen  t229. 

230) 

who  states 

that 

for  some  sequences  the  term  v 

aluc 

Nr 

P  R-St 

m 

Normal  tf*rni5 

A 

3 

4 

5  1 

6 

ms  4  mS  1 

I  39  470.2 

(15 

111  5)t|  8 

016  7 

l  962  1  3 

372  t 

n  ;  n  • 

3;  1 

3 . 700 

4.703! 

mu i  m.Sj 

39  887  6 

(15 

332  21 1  8 

101  3 

5  004  H  3 

396.7 

n; 

3;  /  6  ,8 

3  68 1\ 

4  683\ 

S .  684 

rn  pi  mP 0 

|  40.05  173  91M 

23 

012  0  10 

52s  1 

6  062. 1  3 

952.7 

n ;  n* 

3 ;  0  794 

8.183 

3 . 229 

.  269 

402 
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Ne  1. — ( Continued ) 


P  It-St 

A 

Norma 

terms 

m 

9 

3 

1 

5 

6 

mpi  mP  ia 

23  807.9 

10  916. 8| 

6  289.8 

4  089.9 

n ;  n* 

3;  2 

147 

3.171 

4.176 

5.179 

mp  10  mPib 

10  § 

\  25  G71 . 7 

11  411.5 

6  479.9 

4  181.3 

n ;  n  * 

3  ;  2 

007 

3.101 

4.115 

5.123 

mpc  rnPta 

23  613.6 

10  891.0 

6  280.7 

4  0S5.6 

n ;  7i  * 

3 ;  2 

156 

3.174 

4. 180 

6.182 

mp$  mPib 

j  24  105.2 

11 

030.3 

6  338.1 

4  114.7 

n ;  n* 

3  ;  2 

133 

3.154 

4-161 

5.164 

mp  9  mPi 

24  27 

2.4 

11 

098.7 

6  370.3 

4  132.3 

n ;  n* 

3  ;  2. 

126 

S.144\ 

4.151 

6.153 

mdc  tnI)o 

12  419.9 

6 

961.8 

4  446.4 

3  081.2 

n ;  n* 

3  ;  2. 

973 

5.970 

4 . 908 

5.968 

md*  mDia 

12  292.9 

6 

902.5 

4  412.4 

3  061.5 

u ;  n* 

3;  2. 

988 

5.987 

4.988 

5.988 

md  i  mD\b 

12  405.2 

6 

954.1 

4  441.0 

3  078.1 

n  ;  ?j* 

3;  2. 

974 

S.975 

4-971 

6.971 

mdi  mDia 

12  229.8 

6 

881.9 

4  403.1 

3  056.6 

n ;  n* 

3  ;  2. 

995 

5.995 

4.992 

5.992 

mdi  mDib 

12  322.3 

6 

917.9 

4  420.9 

3  066.5 

n ;  n* 

3  ;  2.984 

5.985 

4.983 

5.983 

md  1  mDia 

12  228.1 

6 

880.8 

4  402.6 

3  056.2 

n ;  n* 

3 ;  2. 

996 

3. 99  4 

4.993 

5.992 

mdi  mDib 

12  337.3 

6 

928.4 

4  427.1 

3  070.5 

n ;  n* 

3;  2. 

983 

5.979 

4.979 

5.979 

md 4  mDi 

12  339.2 

6 

929.5 

4  427.8 

3  071.0 

n ;  n* 

3;  2. 

982 

S.979| 

4.979 

5.978 

m 

7 

1  8 

1  9 

l  10 

1  11 

1  12 

1  13 

ms  4  mS  1 

2  440.0 

1  848.5 

1  447.fi 

1  161.9 

957. 

800.7 

n* 

6.  706 

7.7  05 

8.  707 

9.706 

mss  mSi 

2  456.1 

1  858.1 

1  454.1 

1  169.6 

960.! 

803.4 

n* 

6.684 

7.685 

8.688 

9.687 

mpz  mPo 

2  780.6 

1  602.1 

n* 

6.281 

8.277 

mpi  mPia 

2  871.4 

2  126.2 

1  638.0 

1  299 

.2 

1  057,f 

n* 

6.181 

7.184 

8.185 

9.191 

10. is: 

mp  10  mPib 

2  920.1 

2  156.5 

n* 

6.  ISO 

7.134 

mpc  mPta 

2  869 

.2 

2  126.2 

1  638.0 

1  299 

.2 

1  057.; 

n* 

6. 184 

7.184 

8. 185 

9.191 

10.187 

mps  mP-ib 

2  885 

.8 

2  137.8 

1  642.6 

n* 

6.166 

7.165 

8.173 

m/>9  mP  a 

2  896 

.  5 

2  142.4 

1  647.2 

1  306 

.2 

n  * 

6.154 

7.157 

8.162 

9.166 

mdc  mDo 

2  260 

.3 

1  729.1 

1  364.5 

1  104 

.9 

912.0 

n* 

6.968 

7.866 

8.868 

8.866 

mdi  mD\a 

2  246 

.6 

1  720.3 

1  358.6 

1  100 

.2 

n* 

6.989 

7.887 

8.888 

8.887 

mdb  mDib 

2  257 

.5 

1  727.6 

1  363.5 

1  104 

0 

911.5 

765.8 

651.9 

n* 

6.972 

7.970 

8.971 

9.970 

md  ^  mDia 

2  244 

.2 

1  718.4 

1  357.3 

1  099 

2 

908.5 

763.3 

n* 

6.993\ 

7.992 

8.992 

9.992 

mdi  mDn, 

2  248 

1 

1  722.7 

1  360.1 

1  101 

5 

909.4 

764.3 

649.3 

n* 

6.587 

7.982 

8.98S 

9.981 

md  1  mDia 

2  243 

.9 

1  718.2 

1  357.2 

1  099 

2 

908.2 

762.9 

646.5 

n* 

6.99S\ 

7.992 

8.992 

9.992 

mdi  mDib 

2  253 

7 

1  724.2 

1  361.4 

1  102 

2 

910.6 

765.0 

651.3 

„* 

6.578 

7.878 

8.878 

8.978 

mdi  mDt 

2  254 

(i 

1  724.3 

361.6 

1  102 

3 

910.6 

765.0 

651.4 

n* 

6.8781 

7.878 

8.878 

9.978 

Ne  7. — ( Continued ) 


P  R-S 

A 

Anomalous  terms*"  (Ne 

D 

m 

2 

3 

4 

5 

6 

ms  mD 

1  2  a 

780.5 

11  509.5 

6  132.5  3 

640.1 

2  287.3 

n ;  n* 

////  — -  / 

m\  mDn 

780.3 

3;  (2.988) 

11  520.8 

(5.984) 

6  134.5  3 

(4  ■  982) 
640.5 

(5.981) 
2  289.5 

n  ;  n* 

III  r.  f 

ms  mD 

I  3 

780.4 

3;  (2.987) 

11  519.3 

(5.985)  1 

6  133.6  3 

(4-982) 

639.8 

(5 . 979) 
2  287.0 

n ;  n* 

3;  (2.987) 

(3.984) 

(4-983) 

(.5.981) 

8  |  9  |  10  |  11  |  12 


ms 3  mb’' 

1  675. 1 

1  077.3 

674.2 

389.5 

n* 

ms 2 

(0.084) 

1  667.7 

(7.685) 

1  072.5 

(8.684) 

670.0 

(9.683) 

386.2 

n* 

mpi  raP^ 

(6.695) 

2  016.0 

(7.095) 

1  264.3 

(8.697) 

747.9 

(9.696) 

122  u 

232.8 

n* 

mp2  mP  ' 

(6.263) 

2  126.2 

(7.324) 

(8.472) 

(9. 447) 

( 10.404 ) 

n* 

mpi  mP 

(6.143) 

2  107.1 

1  355.8 

864.0 

n* 

mp4  mP'2 

(6.163) 

2  101.4 

(7.166) 

1  356.0 

(8.168) 

n * 

(6.169) 

1  468.4 

(7.166) 

940.4 

578 . 6 

319.9 

128.7 

n* 

ms'.'  mD' 

1  2  a 

(6.985) 

1  471.0 

(7.985) 

942.3 

(8.984) 

580.0 

(9.984) 

321.0 

129.1 

n* 

msi  mDib 

(6.981) 

1  471.5 

(7.980) 

942.3 

(8.980) 

579.9 

(9.979) 

320.9 

129.1 

71* 

nt  r.f 
ms,  mD 

1  3 

(6.980) 

1  470.8 

(7.980) 

942.2 

(8.980) 

579.9 

(9.979) 

320.9 

129.1 

n  * 

(6.981) 

(7.980) 

(8.980) 

(9.979) 

t  Lande  (Isl)  has  given  .(-values  for  all  terms,  and  has  shown  (i S2)  that  each 
system  may  be  regarded  as  compounded  of  two;  the  normal  of  a  triplet  and  a 
quintet,  and  the  anomalous  of  a  singlet  and  a  triplet.  This  resolution  can  not 
always  be  uniquely  effected,  and  this  type  of  resolution  is  not  the  only  one  possi¬ 
ble  (l  i  ?),  hence  the  upper  index  of  the  R-S  notation  has  been  omitted  and  the  2 
terms  of  same  lower  index  are  distinguished  (153)  by  a  and  b,  a  denoting  the 
smaller. 

t  Calculated;  not  based  on  observed  lines. 

§  Adding  A  makes  only  a  little  improvement;  A  not  considered  in  computing 
n*. 

||  From  C1 72). 

H  Grotrian  (112)  claims  these  correspond  to  a  residue  which  differs  from  that 
for  normal  terms  by  781  cm-1  in  energy  level.  Here  all  terms  (normal  and 
anomalous)  are  reckoned  from  same  zero  level,  but  n*  is  calculated  from  the  real 
term  value,  which  for  an  anomalous  term  is  (781  -f  tabulated  value);  the  values 
of  n*  which  do  not  correspond  to  the  tabulated  term  values  are  placed  in  (  ). 

**  This  sequence  does  not  follow  the  formula  closely;  A  could  as  well  be  taken 
as  781. 


Ne  II  (38,  39,  40,  134,  260), 

Ni  Z  =  28.  NNi  =  109  736.1. 

Ni  7  (10,  12,  183,  318),  Ni  77  (287), 

O  Z  =  8,  No  =  109  733.4. 

O  7  (221,  251),  Terms:  2P  (I7,  121),  others  (76).  2  /■’-terms 

are  inverse. 


P  R-S 

A 

Anomalous  terms^f  (Ne  I) 

m 

2 

3 

4 

5 

1  6 

ms3 

780.8 

39  in. 8 

(14  651. 9)i 

7  323.1 

4  223.5 

2  616.6 

n;  n* 
ms  2  mS^ 

781.3 

3;  (1 .658) 
38  040.7 

(2.666) 
(14  506. 5) t 

(5.880) 
7  273.0 

(4-683) 

4  201.8 

(5.683) 
2  605.4 

n;  n* 
mp  1  mP'Q 

730.0** 

3;  (1.681) 
173  918|| 

(2.679) 
20  958.7 

(3.692) 

9  643.5 

(4  ■  693) 

5  342.4 

(5 . 693) 
3  240.0 

n;  n* 

mp2  mp' 

1  a 

763. 0*» 

2;  (0.793) 

(2.247) 

22  891.0 

(3.244) 
10  221.7 

(4-233) 

5  570.8 

(5 . 223) 
3  351.0 

n ;  n* 
mPb  mP'6 

783.4 

3;  (2.153) 

23  157.3 

(3.158) 
10  272. 1 

(4-156) 

5  573.9 

(5.155) 
3  344.5 

n ;  n* 
mp4  mp'n 

780.4 

3;  (2. 141) 

23  070.9 

(3.151) 
10  220.8 

(4-155) 

5  550.7 

(5.157) 
3  332.2 

n;  n* 
msj  mO| 

780.6 

3;  (2.145) 

11  493.8 

(3. 158) 

6  121.7 

(4-163) 

3  633.4 

(6.165) 
2  284.6 

n ;  n* 

3;  (2.990) 

(3.987) 

(4-986) 

(5.983) 

Triplet  system 


m 

1 

2 

1 

3 

4 

5 

6 

mS  (m3Si) 

33  043.3 

13 

612.5 

7  425.6 

4  672.8 

3  210.2 

n ;  n* 

3 ;  1 .823 

2.840 

3.843 

4-846 

5.847 

mPj  (m5Po) 

109  607 

n ;  n* 

2 ;  1.001 

mPi  (m3P i) 

109  674 

n ;  n* 

2;  1 

mPi  (m3P;) 

109  833 

21 

207.2 

10  157.5 

5  968.6 

n ;  n* 

2;  1.000 

2.285 

3.286 

4-288 

mD  (m3D) 

12 

350.0 

6  929.9 

4  4  29.2 

3  072.3 

n ;  n* 

3; 

2.981 

1  >51 

4.978 

5 . 977 

m 

7 

8 

9 

1 

10 

mS  (m*Si)  I 

2  340.9 

1 

780.3 

1  401.7  I  1 

130  6 

n* 

6.847  ! 

7.851 

8.849 

9.851 

mZ>  ( mlD ) 

2  255.4 

1 

721.4 

1  360.3  1 

103.7 

n* 

6.975  1 

7 .984 

8. 

982  1 

9  971 

SPECTRAL  SERIES.  Ne  TO  Rb 


4  OR 


O  /. — ( Continued ) 
Quintet  system 


m  |  1 

2  1 

3 

4 

5 

6 

m.<  (mkiSi) 

36  069.0!  14 

358 

7  720  8 

4  817  9 

3  29  1  9 

n ;  n* 

3  ;  1  7 45 

2.762 

3.770 

4 . 773 

5.773 

mpt  (m‘/'i) 

23  211.9  10 

744.3 

n ;  n* 

3;  2.1 74 

3.  193 

mpt  (m*Pj) 

23  209.2  10 

743 . 7 

n ;  n* 

S;  £.174\ 

3.193 

m.  i  (m’Pi) 

23  205.8  10 

742.5 

n ;  n* 

3  ;  2.1 7 3 

3.192 

md  (m*D) 

12 

417.3 

6  971.7 

4  451.5 

3  085.7 

n ;  n* 

3; 

2.973 

3 . 966 

4.965 

5.963 

m 

7 

8 

9 

10 

ms  (m6«Si) 

2  391.6 

1  815.7 

1  425.1 

n* 

6.774 

7.774 

8.775 

md  (m&D) 

2  263.9 

1  731.4 

1  367 . 1 

1  106.1 

n* 

6.962 

7.961 

8.963 

9.961 

O  //  22,  29,60,  61,  82,  85,  207,  255, 

O  III  (22,  83,  208,  209,  210,  21  1). 

O  IV  (22).  O  V  (30).  O  17  (30). 

Os  Z  =  70.  .Vo,  =  109  736.8.  Os  /  (197). 

P  Z  =  15.  Arp  =  109  735.2.  P  I  (262).  p  //  (23). 
P  III  (2  4,  213)  Spectrum  analogous  to  that  of  A1  I. 


m 

2 

3 

m 

3 

4 

ms  (m*Si) 

125  497.8 

67  292.8 

md 2  (m-Di) 

126  461  4 

a;  n* 

4;  2.815 

3.832 

n;  n* 

3; 

mjtz  (m-P\) 

243  332.1 

101  957.8 

md i  (m*Da) 

126  450.0 

70  004.5 

n;  n* 

3;  2.014 

3. 112 

n;  n* 

3 ;  2.795 

3.732 

mp i  ( m'Pt ) 

242  772.5 

101  821.2 

n;  n* 

3;  2.016 

3  115 

P  IV  (2  2).  Spectrum  analogous  to  that  of  Mg  I.  Only  triplet 


Pb  I  'onlin ued) 


i 

m 

2 

4 

5 

6 

•> 

mpt  1  49 

1 60 .  8 

n* 

1 . 494 

o 

mp  i  3S 

353  2 

n* 

1.691 

2 

mdi 

14 

367  7 

7  709. 1 

4  SOS . 0  ; 

3  274 . 9  2 

389. 9 1 

n* 

2 .  763 

3. 775 

4.778 

5 . 789\ 

6 .  7  76 

2 

mdi 

13 

750.2 

7  501  1 

4  72S.S 

3  246.7 2 

371 

n* 

2.825 

5 . 5£.5 

4.818\ 

5.814 

6 . 803 

i 

mdt 

13 

742  7 

7  311.8 

4  652 . 7  ; 

3  210  7  2 

344  § 

n* 

2 . 826 1 

3.874 

4 . 856 

.5 . 846 

8 . 842 

3 

mdi 

13 

482  3 

7  399.3 

n* 

2 . 853 

3  851 

t  8,  =  1628,  n*  =  8.210.  J  Sj.  =  1812,  n*  =  7.7 82.  }  SJt  17  .  n* 

7.830;  <Mj  =  H00,  n*  =  8.854. 

Pb  II  (103). 

Pd  Z  =  46.  .VPd  =  109  736.5. 

Pd  /  (7,  11,  129,  180,  197).  pd  //  180 

Pt  Z  =  78.  ArPl  =  109  736.8.  Pt  /  ( 123.5,  197 
Ra  Z  =  88.  Nr*  =  109  736.8. 

Ra  /.  Spectrum  not  vet  analyzed. 

Ra  //  (90,  244).  Terms  76,  calculated  by  no 


m 

1 

2  13  14 

ms  (miSi) 

82  862 . 1 

39  457 . 0  | 

n ;  ti* 

7;  2.301 

3.335 

mpt  (m"Pi) 

61  510.4 

n ;  n* 

7;  2.671 

mp i  (m2P 2) 

56  653.2 

n ;  n* 

7;  2.  784 

md?  (m:D j) 

34  118.1 

n ;  n * 

7;  3  587 

mdi  {m-Ds) 

|  33621.8 

n ;  n* 

7;  3  613 

system  i.j  known. 

Triplet  system 


m 

1  2 

3 

m 

3 

4 

ms  (m*3ij 

187  687.9 

105  470.2 

mdi 

( m3Dt ) 

121  344.0 

n;  n* 

4;  3 

058 

/ 

**  • 

081 

n* 

3.80  4 

mp i  (m3Po) 

346  661.4 

158  032.4 

mdi 

(m3D*) 

121  338.4 

n;  n* 

3,2 

3. 

332 

n* 

3. 80  4 

mpt  (m’P  1) 

346  432.8 

157.973.7 

mdi 

(m3Z)j) 

225  185.0 

121.330.7 

n;  n* 

3;  2 

251 

3. 

334 

n; 

71* 

3;  2.  793 

3. 80 4 

mpt  (maPt) 

345  964.9 

157  82 

5.3 

n;  n* 

3;  ! 

253 

5. 

835 

P  V  (26). 

Spectrum 

analogous  to  that  of  Na  I. 

m 

1 

2 

3 

4 

6 

a 

ms  (m*Si) 

524 

491.2 

251 

540.7 

147 

858.7 

n ;  n* 

3 

2.287 

3.303 

4.307 

mpt  ( m'Pt ) 

435 

841.8 

220 

339.0 

n ;  n* 

3 

2.502 

3.528 

mpt  (m’Pt) 

435 

046 . 9 

220 

055. 1 

n ;  n* 

3 

2.511 

3.531 

md  (m5Z>) 

320 

295 . 0 

179  101.1 

n ;  n* 

3 

2.927 

3.913 

mf  (m5F) 

171  909.4 

110  036.5 

n ;  n  * 

4;  3.995 

4.994 

mo  (m*G) 

109  818.4 

76  278.5 

a;  n* 

5  ;  4  998 

6.997 

mh  (m*//) 

76  255.2 

n ;  n* 

6.6. 998 

Pb  Z  =  82.  .Ypb  =  109  736.8. 

Pb  I  (3,  101,  102,  182,  299,  305,  305.5,  308,  3io);  ;>-and  d- nota¬ 
tions  are  tentative;  small  changes  in  arrangement  of  d-terms  have 
been  made,  and  a  new  series  of  d-tcrms  suggested;  3d*  does  not 
combine  with  2p,. 


i  m 

2  |  3 

' 

5 

6 

7 

1  ms 

24  524. 011  124.3 

6  300.7 

4  091  2 

2  872.7  2  123  5t 

n;  n* 

7  ;t.llo\  3.141 

4.173 

6.178 

6.180 

7.189 

0  mp* 

59  811  2! 

7»* 

1  364 

l  mpt 

51  092.0; 

n* 

1.4M\ 

Rb  Z  =  37. 

Rb  I  (15,  127 
(76). 

A’Rb  =  109  736.4. 

,  163,  221,  224,  238,  239, 

258,  263).  Term  values 

m 

1 

3 

4 

5 

6 

ms  (miS  1) 

33  689.1 

13  557.9 

7  378.1 

4  642.9 

3  191.2 

2  328.5 

n ;  n* 

5  ;  1  80  1 

2.846 

3.856 

4.862 

6 . 864 

6.865 

mpt  (m2Pi) 

21  110.2 

9  974.1 

5  854.2 

3  854.8 

2  729.9 

n ;  n* 

5  ; 

3.317 

4 . 329 

6 . 336 

6.340 

mp  1  (m2Pt) 

20  872.6 

9  896.6 

5  819.2 

3  835.5 

2  719.6 

n ;  ti* 

5;  2.293 

3.331 

4-342 

6.349 

6  351 

vid 2  ( m2Dt ) 

14  334.3 

7  988.9 

5  002.4 

3  409  6 

n ;  71* 

4; 

3.706 

4  684 

6.673 

mdi  (m2Di) 

7  985.9 

5  000.2 

3  407.7 

n ;  71* 

5;  3  707 

4 . 686 

5 . 675 

mf  ( 771  *F) 

6  897.6 

4  418.2 

3  068.0 

n ;  ti  * 

4  ;  3 . 989 

4-984 

5 . 981 

mo  (m*G) 

4  389.9 

n ;  7»  * 

5;  5.000 

mh  (ttij//) 

3  044.0 

n ;  ti* 

6.  o  004 

771 

7 

8 

9 

10 

11 

12 

ms  (miSi) 

1  773.8 

1  397.4 

n* 

7 . 865 

8.862 

771/72  (t»*F|) 

2  033.8 

71* 

7.345 

771/71  (  771 3P  j) 

2  02S. 2 

1  573.3 

1  254  8 

1  024.2 

849  3 

718  0 

71* 

7 . 366 

8.361 

9.353\ 

10.351 

mdi  (miDn) 

2  468.2 

1  868.8 

1  464.6 

(1  182.7) 

n* 

6 . 668 

f  609 

8 . 656 

9.633 

mdi  (77i*I)*) 

2  467.0 

1  867.6 

1  463.5 

1  176.7 

71* 

6.669 

7.666 

8.660 

9.667 

mf  (mtF) 

2  252.4 

n* 

6.980 

m 

13 

14 

16 

17 

mpt  (m3P t) 

614.6  |  531.7  |  464.1 

409  7  | 

363  8  | 

m 

19 

20 

1  21 

22 

24 

mp  1  (m*P*) 

292  0  265  2  240  8 

219.2  | 

201  7  | 

186.0 

m 

25 

|  26 

27 

28 

29 

mpt  (m’Pt) 

170  6  |  157  5  |  146  3 

136  2 

127. 1  | 

1 19  It 

t  3lp,  -  lll.l. 
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INTERNATIONAL  CRITICAL  TABLES 


Rh  Z  =  4o.  A'lih  =  109  736.5. 

Rh  /  (197,  292,  293). 

Ru  Z  =  44.  A'k.i  =  109  736.5. 

Ru  /  (195,  196,  197,  289,  290) 

S  Z  =  16.  Ns  =  109  735.2. 

S  /  (1  24,  25i)  Terms:  triplet  (I7)  from  measurements  (12<>); 
others  (76  ),  Is  is  from  measurements  of  (2°i). 


Triplet  system 


m 

mS  ( m*Si ) 
n ;  «* 

mPz  ( m3Po ) 

n ;  n  * 

mP 2  ( m3Pi ) 
n ;  7i  * 

mP\  (m*P 2) 
n ;  n* 

mD  (m^D) 
n  ;  n* 

o 

28  229 

82  982 

83  156 

83  554 

4;  1 .072 

3;  1.150 

3;  1.149 

3;  1.146 

3 

12  204 

15  665 

2.000 

3;  2. 648 

4 

6  835 

(9  2881 

(9  290) 

(9  291) 

4 . 006 

3.437 

3.437 

3.437 

Quintet  system 


m 

2 

3 

ms  (mbSi) 

md  ( mhD ) 

m  (mbS  2) 

30  936.9 

n* 

n  ;  7i* 

n  ;  71* 

4  ;  1.883 

5 

4  502.5 

M 

0 

M 

iO 

mp 3  (mbP\) 

20  1147 

9  649.5 

4.936 

6  ;  4 . 554 

n ;  n* 

4;  2.336 

3.372 

6 

3  111.6 

3  568.3 

771/72  (mhPi) 

20  103  4 

9  645.9 

5.939 

6.546 

n ;  n* 

4;  2.337 

3.373 

7 

2  278.9 

2  565.7 

mpi  ( m6P 3) 

20  085.5 

9  639.9 

6.940 

6.539 

n ;  71* 

4;  2.338 

3.374 

8 

1  741.1 

1  931. 8t 

7.939 

7. 536 

f  For  771  =  9, 

md  =  1  506.8,  71*  = 

8.533;  for  m 

=  10,  md  =  1 

207.8,  n*  = 

9.533. 


S  II,  S  III.  Spectrum  not  yet  analyzed. 

S  IV.  (2  4,  213).  Spectrum  analogous  to  that  of  A1  /. 


m 

2 

3 

m 

3 

4 

ms  (77i28’i) 

200  109.2 

110  531.0 

mdi  (m2D2) 

229  414.3 

n ;  71* 

4; 

3.985 

n;  n* 

3;  2.766 

mpz  (m2P  1) 

381  541.4 

168  034.0 

mdi  (m~Ds) 

229  400.0 

126  151.6 

n ;  7i* 

3;  2  145 

3.233 

n;  7i* 

3;  2.766 

3 . 731 

mp  1  ( m-P 2) 

'.SO  591.2 

167  824.0 

n;  n* 

3;  2. /4S 

3.234 

S  V  (27).  Spectrum  analogous  to  that  of  Mg  I. 
system  is  known. 

_  Triplet  system 

—  i  2  i  3  i  m  i  ‘ 


Only  triplet 


ms  (m*Si) 
n;  71* 

mp3  (m*Po) 
n;  71* 
mpi  (mzP\) 
n ;  n* 

273  075.0 
4;  3.170 
501  618.2 
3;  2  SS9 
501  252.4 
3;  2.340 

235  568.6 
3.413 
235  480.7 
3.413 

mpi  ( m3Pi ) 
n;  n* 
md  (m*D) 
n;  71* 

500  497.7 
3;  2.341 

235  191.6 
3.415 
349  700.0 
3;  2.801 

S  17  (2  6).  Spectrum  analogous  that  of  Na  1 

m 

1  1 

2  1  3  |  4 

5 

n ;  n* 

mp  1  (m2Pi) 
n ;  n* 

mp  1  (m2P2) 
n ;  71* 

mdi  (m2Di) 

n ;  n* 

md\  (m*Dz) 
n ;  n* 
mf  (m*F) 
n ;  n* 
mg  (m*G) 
n ;  n* 


3;  2.  868 


347  264.0 
3.373 
604  398.2 
3  ;  2.56 7 
603  131.1 
3  ;  2 .  558 


309  083 

3.576 
308  625.9 

3.577 
462  854.4 

3;  2.931 
462  818.2 
3  ;  2 . 931 


247  612.1 
4;  3.994 


158  159.5 
5 ;  4.998 


Sb  Z  =  51.  Arsb  =  109  736.6  (248). 

Sc  Z  =21.  A' so  =  109  735.8. 

Sc  I  (46,  50,  50.5,  58,  94,  100,  109,  186,  256) 
Sc  II  (50.5,  186,  194,  237,  256) 

SC  III  (92). 

Se  Z  =  34.  Nsc  =  109  736.3. 


Se  /  f177i  251)  Terms!76).  Only  the  quintet  system  is  known. 


771 

1  |  2  |  3 

4 

O 

6 

ms  (mbS2) 

4  449 

.  1 

3  085.0 

n  ;  71  * 

3  .  . 

5.964 

771/73  (mhP\) 

19  416.2 

n;  71* 

5;  2.377 

mpi  (mbPi) 

19  371.4 

n ;  71* 

5  . 

mpi  (m^J’z) 

19  267.7 

n ;  71* 

5;  e  386 

md  (tti5Z)) 

5  112 

.5 

3  462.1 

n ;  7i* 

5;  4. 6SS 

5.629 

m  | 

7 

1  8 

9 

10 

11 

ms  (m*St) 

2  261.5 

1  729. 

3 

71* 

6.966 

7.965 

md  (msD) 

2  498.2 

1  887. 

9 

1  472.2 

1 

184.3 

973.2 

71* 

6.628 

7.624 

8. 

634 

9.627 

Si  Z  =  14.  ArSi  =  109  735.0. 

Si  /  (80).  Si  II  (24,  79,  80).  Si  III  (79,  80). 

Si  / 1  1 8Q ).  Terms  77  corrected  (2®)  to  basis  of  As 


771 

1 

2 

3 

4 

5 

6 

ms  (m2Si) 

364  109 

170  138 

98  699 

n ;  71* 

3;  2. 196 

3.212 

4-218 

mpi  (m?P  1) 

292  822 

145  850 

87  613 

n ;  71* 

3;  2.449 

3.470 

4-477 

mp  1  (m!Pj) 

292  362 

145  688 

87  538 

41  719t 

n ;  7i* 

3;  2.451 

3.472 

4.479 

6.487 

md  ( m2D ) 

203  738 

114  109 

72  627 

n ;  7i* 

771  =  7 

771  =  8 

3;  S.9S6 

3.922 

4.916 

mf  (.m*F) 

35  925 

27  491t 

109  987 

70  399 

48  895 

n ;  7i* 

6.991 

7.992 

4  ; 

4.994 

5.993 

mg  (mXS) 

35  868 

70  277 

48  813 

n ;  71* 

6.996 

5 ;  4.999 

5.997 

mh  ( m-H ) 

48  797 

n ;  7i* 

6 ;  5. 998 

t  From  (178). 


Sn  Z  =  50.  ATSn  =  109  736.6. 


Sn  / 

(4,  110,  181,  299, 

306) 

3 

-values  (299). 

3 

771 

2 

3 

4 

5 

1  6 

7 

1 

ms 

24  245 

10  936 

6  135 

4  021 

2 

856 

2  129 

n ;  71* 

6;  2.127 

3.168 

4-229 

5.223 

6. 

199 

7.180 

0 

mpz 

59  158 

71* 

1.362 

1 

mpi 

57  466 

71* 

1.382 

2 

TTipi 

55  731 

71* 

1.404 

? 

mXi 

55  443 

71* 

1.407 

2 

771  .Y  2 

50  546 

71* 

1.47s 

0 

m.Yi 

41  997 

71* 

1.616 

t 

mdz 

15  015 

8  147 

5  146 

3 

466 

2  499 

n* 

2.704 

3.670 

4-618 

5 . 

626 

0.027 

t 

mdi 

14  650 

7  995 

3 

414 

71* 

2.737 

3.705 

5 . 

970 

§ 

mdi 

14  583 

7  405 

3 

351 

n* 

2.743 

3.850 

5. 

729 

771 

1  8 

9 

1  10 

11 

1 

ms 

1  633 

1  303 

1  059 

873 

71* 

S.7.97 

9.178 

10.180 

t>»  = 

2,  I*  =  jt  = 

1.  t 

;j  =  = 

1,  it  =  2. 

§  jz 

=  u 

-  3, 

;•  -  1. 

Sn  II  (216,217).  Terms  (110i.  Spectrum  analogous  to  that 


of  In  I. 


771 

2 

3 

4 

5 

ms  (m*S  1) 

60  821 

33  000 

20  293 

n;  n* 

6;  2.02 

9.040 

4-650 

mp;  (m2Pi) 

117  704 

46  213 

24  980 

n;  n* 

5;  /  . 99/ 

3.081 

4.191 

mpi  (m»P j) 

113  451 

45  329 

24  623 

n;  n* 
md2  (m2Z)j) 
n;  n* 

5 ;  1 . 966 

9. 1/1 

46  301 

5;  3.078 

4.221 

27  467 
3.977 

SPECTRAL  SERIES:  Rh  TO  V 


405 


Sn  II. — (Continued ) 


m  |  2 

3 

4 

5 

md\  (m*D  1) 

45  658 

27  360 

17  857 

n ;  n* 

5;  3.100 

4.005 

4  ■  056 

mf  (m*F) 

28  416 

18  058 

n ;  n  ‘ 

4;  S .030 

4.030 

Sn  III  f241).  Terms  (110).  Spectrum  analogous  to  that  of 
CM  I. 


Singlet  system 


m 

' 

2 

3 

m 

4 

5 

mS  (m‘So) 

n;  n* 
mP  (m'Pi) 
n ;  n* 
mD  ( mlDt ) 
n;  n* 

243  235 
5;  £.0/5 

163  327 
5 ;  2. 450 

80  517 

3.60 g 

99  650 

5 ;  ;  148 

mF  (m>Fj) 
n ;  n * 
mG  (ml(/4) 
n ;  n* 

61  475 

4 ;  4. 006 

39  611 
4.904 
39  133 

5  ; 

Triplet  system 

m 

2 

3 

m 

3 

4 

5 

mu  (m3S  1) 
n;  n* 

mpj  (maPo) 
n;  n* 

mp j  (maP  1) 
n ;  n* 

mp  1  (maPj) 
n;  n* 

mdi  (msDi) 
n ;  n* 

mdi  {m3Di) 
n;  n* 

103  604 
6 ;  3 . 088 
189  691 

5, 

188  044 

5;  e.soi 

184  011 

6. 

83  302 
3.443 
83  026 

3.449 
81  802 
3.475 
101  921 

5 

101  716 
5 ;  3.116 

mdi  (m3Z) 3) 
n;  n* 
m/3  (maP2) 
n;  n* 
m/2  (maF 3) 
n;  n* 
mfi  ( m*F 4) 
n ;  n* 
mg  (mK!) 
n ;  n* 

! 01  404 
5;  3.121 

63  937 
4;  3.930 
63  900 

4; 

63  802 
4;  3.934 

39  158 

5 ;  5 . 0O0 

Sr  Z  =  38.  NsT  =  109  736.4. 

Sr  /  (72>  128>  239>  259i  267).  Terms:  normal  (271);  anomalous 
(257). 


Singlet  system 


m 

1 

2 

3 

4 

5 

6 

mS  (m'Sa) 

45  925.6 

15  334.5 

7  481.6 

4  873.1 

3  329.6 

2  412.8 

n ;  n* 

5 ;  1.545 

2.675 

3.830 

4  ■  "745 

741 

0.744 

mP  (m'Pi) 

24  227.1 

11  827.5 

7  019.0 

4  753 . 5 

3  463.4 

n ;  n* 

5 

3.045 

3.053 

4 . 805 

5 . 628 

mD  (mxDi) 

25  776.3 

11  110.0 

6  192.4 

4  093.7 

n ;  n* 

4  ;  2.063 

3.143 

4.209 

0.177 

mF  (m‘Fa) 

6  387.0 

4  406.9 

3  086.8 

n  ;  n* 

(4)  4.145 

4-991 

5.962 

m 

7 

8 

9 

\  10 

11 

12 

mS  (m*So) 

1  828. 

3 

n* 

7.747 

mP  (m'Pi) 

2  598. 

8 

1  989. 

2 

1  559.8 

1  251.0 

1  022.0 

n* 

6.498 

7.428 

■S’ 

9.366 

10.362 

mD  (m'Di) 

2  904. 

7 

2  145. 

0 

n* 

6. 146 

7.153 

mF  (mlFs) 

2  269. 

9 

1  735. 

s 

1  370. 

) 

1  106.9 

913.9 

765 . 6f 

n  * 

6 .958 

7.951 

8.050 

0.957 

t  13 F  -  048.1. 


Triplet  system,  normal  terms 


m 

2 

3 

4 

5 

6 

7 

ms  ( m3S\ ) 

16  886  8 

8  500  9 

5  163.2 

3  473.7 

2  498.0 

1  882.0 

n  ;  m* 

6  . 

3  591 

4-610 

6.620 

6.629 

7.636 

mpj  ( m3Po ) 

31  608.0 

12  109.8 

6  525.0 

n ;  n* 

5;  1.863 

3.010 

4  101 

mp,  (rn'Pi) 

31  421.1 

12  068.4 

6  510.2 

n ;  n* 

5  ;  / . 860 

3.015 

4-106 

mp  1  (m‘Pt) 

31  026.8 

11  963.6 

6  479.1 

n ;  n* 

5 ;  1  880 

3  1124 

4. 116 

mda  (m*Di) 

27  766  0 

10  918.3 

6  239.4 

4  061 . 1 

2  858.7 

n  ;  n* 

4  ;  1  088 

3.170 

4.193 

6.197 

6  196 

mdi  (m3Di) 

27  706.4 

10  903  3 

6  234.5 

4  056.5 

2  855 .  1 

n;  n* 

4 

3.172 

4.195 

6.200 

6. 199 

mdi  (m3Di) 

27  606.0 

10  880.5 

6  222  2 

4  051.0 

2  860.6 

n ;  n* 

4 . 

3.176 

4.200 

6.204 

6.204 

m/i  (m'fi) 

7  174.6 

4  560.4 

3  160.5 

2  314.5 

n ;  n* 

4;  3.911 

4  905 

5.892 

6 . 886 

m/2  (mrFi) 

7  172.9 

4  559  6 

3  159.9 

2  312  6 

n ;  n* 

4 ;  3  911 

4.906 

4  .vc 

>>v 

m/i  (m1^) 

7  170  2 

4  558.7 

4  147.6 

2  301.1 

n ;  n* 

4;  3.01  J 

4. 906 

6.904 

6.906 

Sr  /.  Triplet  system,  normal  terms.  — ( Continued 


m 

8 

9 

10 

n 

12 

13 

ms  ( mlS\) 

1 

467 . 7 

n* 

S.6'47 

mdx  ( m3D\ ) 

2 

123  7 

1  641  7 

n« 

7. 189' 

8.176\ 

mdi  ( m3Dt ) 

•> 

120.5 

1  638  4  1 

307.0 

065 . 4 

n* 

7.194 

8. 184\ 

9.163 

10.1491 

mdi  ( m3Di ) 

•> 

116.4 

1  634. 0!  1 

300.3 

060 . 5 

88 1.5 

n* 

7.201, 

8.  195 

9. 187 

10  173' 

m/i  (m'F ,) 

1 

7 53 . 5 

1  380 . 5  1 

115.3 

919.7 

769.6 

651 . 

n* 

7.911 j 

8.915 1 

9 . 92 o\ 

Triplet  system,  anomalous 

terms 

rn 

2 

3 

mp,  (.m3P'0) 

10  731 

8 

1  399.8 

mp'  (m*P') 

10  525 

5 

1  329.6 

mpj  (mJ/'j) 

10  250 

7 

1  195.9 

t  14c/ 1  =  638.0,  15di  =  552.8. 


Sr  II  (74>  75>  165i  244).  Term  values  calculated  from  data  7f 
and  4/-limit  (90);  corrected  to  int.  scale.  Spectrum  analogous  to 
that  of  Rh  I. 


m 

1 

2 

3 

4 

5 

6 

ms  (m,Si) 

88  854.7 

41  118.2 

23  891 . 1 

15  614.8 

n ;  n* 

5;  6  *22 

3.267 

4 . 286 

5.302 

mpj  (m*Pi) 

65  139.5 

n ;  n* 

5  . 

mpi  (m2Pt) 

64  338.0 

n ;  n* 

5  . 

mdi  (m-Di) 

74  297.9 

35  568 . 1 

21  332.2 

14  233.0 

n ;  n* 

4: 

3.513 

4 . 536 

5.562 

mdi  (m2Di) 

74  017.8 

35  482.8 

21  292.1 

14  211.7 

n ;  n* 

4  ; 

3.517 

4-541 

5 . 558 

mf  ( m2F ) 

27  862.6 

17  798 

12  314 t 

n ;  n* 

4 ;  ■>'  962 

4 . 966 

5 . 910 

f  For  m  =  7,  mdi  =  10  195,  n*  =  6.561 ;  mf  =  8998,  n*  =  6.085. 

Te  Z  =  52.  At,  =  109  736.6. 

Te  I  077). 

Ti  Z  =  22.  ATTi  =  109  735.9. 

Ti  I  (50,  100,  142,  144). 

Ti  II  (94,  I94,  303). 

Ti  IV  (92). 

TI  Z  =  81.  Nti  =  109  736.8. 

TI  /  (130,  222).  Limits  (78). 


m 

2 

3 

4 

6  |  7 

ms  (m*Si) 

22  786.7 

10  518.3 

6  098.2 

3  968.2 

2  808 . 9  2  085 . 0 

n ;  n* 

7 ;  2.1 95 

3.230 

4-242 

5 . 259 

6.250  7.254 

mp,  ( m*Pi ) 

49  264.2 

15  104.0 

7  895.9 

4  883.3 

3  324.9  2  410  4t 

n ;  n* 

6 ;  1  (93 

2.696 

3.  728 

4.740 

5.746  6.747 

mp,  (m'Pi) 

41  471.5 

14  103.4 

7  523.2 

4  701.7 

3  220.6  2  347. 1 

n ;  n* 

6;  1.627 

2.790 

3.819 

4 . 831 

5.«.?7j  6.837 

mdi  ( m3Di ) 

13  146.2 

7  252.8 

4  591.6 

3  165.8  2  314  1 

n;X  n* 

6;  2.889 

3.889 

4.888 

6.887 1  6.886 

mdi  (m3D  1) 

13  064.3 

7  215.2 

4  571.5 

3  153.9  2  306.4 

n;t  n* 

6;  2.898 

8.900 

4 . 899 

6 . 898  6 . 898 

mf  (msF) 

6  945.8 

4  440.7 

2  244.9 

n;  n* 

S;  S. 975 

4.972 

6 . 992 

m 

8 

9 

10 

11 

12  |  13 

ms  (m3Si) 

1  610.2 

1  282.3 

1  040.0 

8t  >  5  1 

730.5  1  626.0( 

n* 

8.266 

9.251 

10.272 

mp  1  (m*P,) 

1  786.2 

1  416 

1  135 

933 

805 

n* 

7 . 839 

8.803 

9  833 

mdi  (m*Dt) 

1  760  1 

1  385  9 

1  120.3 

923  5 

774.0  659  0 

n* 

7 .896 

8 . 898 

9.897 

tspi  -  1  821.0.  n*  -  7 J6t. 

$  n  from  (' so). 

§  14,  -  536  5. 

fl  14<fi  -  505.7,  15di  -  491.9. 

V  Z  =  23.  A’v  =  109  735.9 

v  I  (13,  50,  53,  100,  155,  156,  185). 

V  II  (189,  194). 

V  III  (94). 

V  IV  (93). 


INTERNATIONAL  CRITICAL  TABLES 


•10(3 


W  Z  =  71.  Nw  =  109  736.8. 

W  /  I  1  58,  1  59  y 

Yt  Z  =  39.  Ny t  =  109  736.4. 

Yt  I  <  186,  193,  198) 

Yt  II  (193,  237). 

Yt  III  (32). 


m 

i 

2  1  3  1 

m 

3 

4 

ms 

(m'kSi) 

157 

822.9  78  572.61 

mdi 

(miDi) 

165 

289.2 

76 

910.4 

n ; 

n* 

5; 

2.5021  3.646] 

n ; 

n* 

4; 

2.444 

3 . 58 4 

m  pi 

(m-Pi) 

123 

888 . 7 

md  1 

{m2Df) 

164 

565 . 8 

76 

711.4 

n ; 

n* 

5; 

2 . 823\ 

n ; 

n* 

4; 

2.460 

3.588 

mpi 

(m-Ps) 

122 

335 . 0 

ml 

(m2F) 

64 

200.0 

n ; 

n* 

5; 

2.842\ 

n ; 

n* 

4; 

3.916 

Zn  Z  =  30.  A’zn  =  109  736.2. 

Zn  /  (90,  128,  131,  222,  223,  225,  227,  259,  264,  276,  277,  326) 

lernis  < 7 6 ,  274).  Not  much  difference  between  value  of  2 P- 
limits  used  here  and  those  of  Fues  (90)  when  corrected  to  int. 
scale. 


Singlet  system 


771 

1 

2 

3 

4 

5 

6 

mS  ( tj'JSo ) 

75  766.8 

19  978.7 

9  729.5 

5  763.7 

3  812.5 

2  709.4 

n ;  n* 
mP 

4 ;  1.204 

2.343 
29  021.7 

3.358 

12  857.9 

4-363 
7  160.6 

5 . 365 
4  559.1 

6.364 

3  141 . 7t 

n ;  n* 

viD  (mlDi) 
n ;  n* 

4;  1.944 

2.921 

13  308.6 
4;  2.871 

3.914 
7  428.9 
3.843 

4 . 906 
4  719.2 
4 . 822 

5.910 
(3  276) 

5.  788 

Triplet  system 


771 

2 

3 

4 

5 

6 

7 

ms  (m3iSi) 

22  094.4 

10  334.4 

6  019.7 

3  943.2 

2  780.5 

2  068.2 

n ;  n* 

5  ;  2.228 

3.259 

4.269 

5.276 

6.281 

7.285 

mp3  (m?Po) 

43  455.0 

14  519.4 

7  695.8 

4  789.2 

3  270.2 

2  375.9 

n ;  n* 

4;  1.589 

2.749 

3.776 

4.787 

6.793 

6.796 

mpi  (m3Pi) 

43  265.0 

14  492.7 

7  686.0 

4  784.5 

3  267.6 

2  374.0 

n ;  n* 

4;  1.592 

2.752 

3.779 

4-790 

5.795 

6.799 

mpi  (m3Pi) 

42  876.3 

14  436.5 

7  664 . 9 

4  774.2 

3  262.0 

2  370.3 

n ;  n* 

4 ;  1.699 

2.757 

3.  783 

4-705 

5 . 800 

6 . 805 

mdj  (m3Di) 

12  997.6 

7  187.0 

n ;  7i* 

4;  8  90S 

3.908 

mdi  ( m3Di ) 

12  994.2 

7  185.9 

n  j  71  * 

4;  2.906 

3.908 

mdi  (m7Dz) 

12  988.7 

7  183.9 

4  553.1 

3  139.9 

2  295.6 

n ;  n * 

4;  2.906 

3.908 

4-009 

5.912 

6.914 

mj  (m3F) 

6  931.3 

(4  442.3) 

n ;  n* 

4;  3.979 

4-971 

8  I  n  |  in  1  ii  |  12  |  13 


77is  (m3iSi) 

1  597.5 

1  270.8 

71* 

8.288 

9.293 

77id  1  ( m3Dz ) 

1  751.0 

1  380.1 

1  114.4 

917.0 

71* 

7 .917 

8.917 

9.923 

t  For  m  =  7,  mP  =  2  298.2,  n*  =  6.911',  for  m  =  8,  mP  =  1  755  5  „*  = 

7  907. 


Zn  II  (261).  Spectrum  analogous  to  that  of  Cu  I. 


m 

1 

2 

3 

4 

5 

6 

ms  (m2Si) 

144  890. 2 

56  454.4 

30  393.9 

19  011.6 

13  014.2 

9  468. 1 

n;  n* 

4 ;  1.741 

2.  788 

3.800 

4-805 

6.808 

6.809 

mpi  (m2P  1) 

96  410.1 

43  525.4 

25  002.4 

n ;  n* 

4;  2. 134 

3.176 

4-190 

mp  1  ( m2Pi ) 

95  536 . 5 

43  280.3 

24  931.6 

16  219.0 

n ;  n* 

4;  2.143 

3.185 

4-196 

5.202 

mdi  (m2Dz) 

79  450. Of 

47  982.2 

26  922.4 

17  261.3 

n ;  n* 

4;  2.350 

3.026 

4-038 

5.043 

mdi  (m2Z>3) 

82  169. Of 

47  931.4 

26  898.2 

17  248.3 

n ;  n* 

4;  2.311 

3.026 

4-040 

O.O45 

mf.  (m*F>) 

17  681.1 

12  287.3 

n ;  n* 

5;  4. 983 

5.977 

mfi  (mJF<) 

27  628.0 

17  691.7 

12  252.1 

n ;  n* 

4;  3.986 

4-981 

6.985 

mg  (m*G) 

12  207.3 

n ;  n* 

6 ;  5. 996 

t  Values  of  n*  show  these  do  not  belong  to  md-series.  These  and  some  of  the 
-pairs  are  inverse. 


Zn  II.— 

(Continued) 

m 

7 

8  1 

0 

771 

7  1  8 

mdi 

71  * 

mdi  (m2/>3) 

71* 

mfi  (77i2F 3) 

71* 

12  010.2 

6 . 045 
12  003.0 
6.047 
8  999.2 
6 . 984 

8  839. 0|  (6 
7.047\ 

8  834.5  6 

7.049\ 

777.0) 

8.048 

773.8 

8 . 050 

mfi  (m2Fi) 
n* 

mg  (m'-G) 
n* 

9  002.0  6  885.1 
6.983  7.985 

8  968. 1 

6.9.96 

Zn  III  (161). 

Zr  Z  =  40.  Nzr  =  109  736.4. 
Zr  I  (M3). 

Zr  II  and  Zr  III  (145). 

Zr  IV  (32). 


m 

m 

3 

4 

7 ns  (m2<Si) 

238  545.9 

mdi  ( m2Di ) 

276  803  5 

n ;  71* 

5;  2.713 

n ;  n* 

4; 

mpi  (m"-Pi) 

194  827.4 

mdi  (to2Z>3) 

275  553 . 3 

n ;  7i* 

5;  3.002 

n ;  n* 

4; 

mpi  (m'lPi) 

192  344.4 

mf  (m2P) 

117  725.0 

n ;  n * 

5;  3.021 

n ;  7i* 

4;  3.862 

LITERATURE 

(For  a  key  to  the  periodicals  see  end  of  volume) 

(U  Back,  in  B92.  (2)  Back,  96,  15 :  206;  23.  (3)  Back,  96,  37 :  193;  26.  («) 

Back,  96,  43:  309;  27.  i*>  Balasse,  61,  8:  311;  27.  (®)  Balmer,  8,  25:  80; 

80.  (7)  Beals,  6,  109:  369;  25.  (8)  Beals,  6,  111:  168;  26.  (9)  Beals 

3,  2  :  770;  26. 

(10J  Bechert,  8,  77 :  537;  25.  (")  Bechert  and  Cataldn,  96,  35 :  449;  26.  (lz) 

Bechert  and  Sommer,  8,  77 :  351 ;  25.  C1 3)  Bechert  and  Sommer,  96,  31 :  145; 
25  (14)  Bergmann,  99,  6:  113;  08.  :>s,  H.  van,  6,  83:  121 ;  10.  85: 

51;  11.  86:  320;  12.  (i«)  Birge,  8,  17:  589;  21.  ««7  Birge,  48,  8:233; 

24  I18'  Bohr,  8,  29:  332;  15.  (l»)  Bohr,  ;i 4.  4:  No.  1,  I:  Is 

(20)  Bohr,  £14,  4 :  No.  1,  III:  22.  (21)  Bohr,  8,  71 :  228;  23.  (22)  Bowen, 29  : 

2111:27.  (23,  Bowen,  8,  29:  510;  27.  (24.  Bowen,  ..31:  34;  28 

Bowen  and  Millikan,  197,  10:  199;  24.  (26)  Bowen  and  Millikan,  2, 

25:  295;  25.  (27)  Bowen  and  Millikan,  8,  25 :  591;  25.  (2Sj  Bowen  and 
Millikan,  8,  26:310;  25.  29i  Bowen  and  Millikan,  18,  118:  in, 

(20)  Bowen  and  Millikan,  2,  27  :  144;  26.  (31)  Bowen  and  Millikan,  2,  28  :  256; 

26.  (32)  Bowen  and  Millikan,  2,  28:  923;  26.  (33)  Brackett,  21,  56:  154; 

22.  (34)  de  Bruin,  96,  38:  94;  26.  (35)  de  Bruin,  96,  39:  869;  26.  (36) 

de  Bruin,  64P ,  29 :  713;  26  17  d<  Bruin,  68,  118:  804;  26.  i38  de  Bruin, 

96,  44:  157;  27.  (39)  de  Bruin,  68,  119:  925;  27. 

(i°)  de  Bruin,  96,  46:  856;  28  (41)  del  Campo,  Trab  del  Lab  it  eat.  PU 

r""'  Madrid,  No.  68;  23.  (4*)  Carragan,  6/,  63:  145;  26.  (4>)  Carroll, 

225 :  357;  26.  <44,  Catalan,  /  12,  15:  132;  17.  >5,  Catalan,  62,  223: 

127;  22.  (46)  Catalan,  132,  20:  606;  22.  (47)  Cataldn,  132,  21:  84;  23. 

(43)  Catalan.  1.13,  21:  213.  527;  23.  (<»)  Cal  ,  21:  321;  23. 

Cataldn,  182, 21 : 464;  23.  so-*)  Cataldn,  182,  22:497  24.  (*»)  Cataldn, 

14,  176  :  84;  23.  52  Cataldn,  f,  176:  247, 1063;  23.  <37>  Cats 

22:72:24.  (=4)  Cataldn,  132,  22 :  398;  24.  (**)  Cataldn,  68,  113:  889; 

34.  (56)  Cataldn,  96,  47 :  89;  28.  (57)  Cataldn  and  Bechert,  96,  32:  336; 

25.  (58)  Crookes,  6,  95:  438;  19.  (59)  Croze,  34,  180:  277;  25. 

(s0)  Croze,  34,  180:  432;  25.  (61)  Croze  and  Mihul,  34,  185:  702;  27.  (61) 

Dahmen,  88,  6:  19;  25.  .63,  Dahmen,  96,  35:  628;  26.  64  Datta,  6,  99: 

69;  21.  (65)  Datta,  5,  101:  539;  22.  (66)  Dingle,  5,  100:  167;  21.  («7) 

Dingle,  5,  113:  323;  26.  (68)  Dingle,  68,  119:  86;  27  y6!>)  Dingle  6  117- 

407;  28. 

(70)  Foote,  Takamine  and  Chenault,  2,  26  :  165;  25.  (7t)  Foster,  2,  23  :  667;  24. 

(7*)  Fowler,  21,  21:  81;  05  771  Fowler,  .  .  73:  i  74  Fowler, 

B<  89  :  133;  13.  (75)  Fowler,  62,  214  :  225;  14.  (76)  Fowler,  Bus.  (TT) 

Fowler,  6,  103:  413;  23.  i7S  Fowler,  .1,  105:  299;  24  (79  Fowler  18 

113:  802;  24. 

(80)  Fowler,  62,  225:  1;  25.  (81)  Fowler,  6,  107:  31;  25.  (»*)  Fowler,  6,  110: 

1*6;  26.  (*3)  Fowler,  5,  117:  317;  28.  (84)  Fowler  and  Freeman,  6,  114: 

662;  27.  (»«)  Fowler  and  Hartree,  6,  111:  83;  26.  (>«)  Fowler  and  Key- 

da,  6,  89 : 137;  13.  (*T)  Fowler  and  Selwyn,  6, 118: 34;  28.  (**  Franck, 

96,  11:  155;  22.  (8»)  Frisch,  218,  16  :  507  ;  27. 

""  1  s>  63  17  20.  (91)  Gartlein,  *,  29:  357;  27.  (92)  Gibbs  and  White, 

197.  12:  ..ns;  26.  i93'  Gibbs  and  White,  I,  29:  426;  27.  i9-*;  Qibba  and 

w  bite,  2,  29  :  655;  27.  (95)  Gibbs  and  White,  2,  29  :  917;  27.  (»« )  Gieseler. 

\  69:  1  17;  22.  (971  Gieeeler,  96,  22:  228;  24.  (»»)  Gieseler  and  Grotnan. 

96,  22:  245;  24.  (")  Gieseler  and  Grotrian,  96,  25:  165;  24. 

(>0»I  Gieseler  and  Grotrian,  96,  25:  342;  24.  (><>!)  Gieseler  and  Grotrian,  96. 

34:  373;  25.  (l02)  Gieseler  and  Grotrian,  96,  39:377;  26.  (,03)  Gieseler, 

,42  :  265:  27  (»»«)  G6t®  S,  66:  285;  21  10s)  Goudsmit,  68,  US: 

238;  24.  (106)  Goudsmit,  218.  12:  851;  24.  (»07)  Goudsmit,  64P,  28:  23: 

25.  (lo«)  Goudsmit  and  Back,  96,  43:  321;  27.  (io»  Goudsmit,  van  del 

Mark  and  Zeeman,  64P,  28:  127;  25. 


SPECTRAL  SERIES:  W  TO  Zr 


401 


(* 1  ®)  Green  and  Lonng,  2,  30  :  574;  27  0  1  M  Green  and  Petersen,  21 ,  60  :  301 ; 

24  112  Grotri  in,  -  .  8  116;  21  113  Hag<  nb  i  ih,  ’.cl 

(*14)  Hagenbach  and  Schumacher,  8,  71 :  19;  23.  (,1S)  Hansen,  Takaniine 

’  W  .  5  13  14  117 

II.  is<  33 :  879;  25  1  1  •  Hi  r,  38  1;  19  119  Hi 

Treatise  on  the  Analysis  of  Spectra  Cambridge,  Cambrige  Univ.  Press,  1922. 
.120  0  112  -  59  Hop- 

field,  2,  26:  282;  25  (*23)  Hopfield,  2,  27:  801;  26  (»24)  Hopfield  and 

Dieke,  2,  27:  638;  26.  (»2*)  Hund,  Bl  (»26)  Ignatiev,  8,  43:  1117;  14. 

(l27i  Kayser  and  Hunge,  8,  41:  302;  90.  (128  Kayser  and  Uunge,  8,  43: 
385;  91.  (129  Kayser  and  Range,  8,  46:  225;  92. 

',30t  Kayser  and  Uunge,  8,  48:  126;  93.  (131)  Kayser  and  Runge,  8,  62:  114; 

94.  (I32)  Kent,  21.  40:  337;  14  (»33)  Kichlu,  96,  39:  572;  26.  (I34) 

1 19  -  Kichlu.  58,  120  :  549  ;  27.  I 

19:  113;  23.  (I37)  Kiess,  166,  60:  249;  24.  (»38)  Kiess,  48,  10:  287;  25. 

(I39)  Kiess,  48,  11:  1;  25. 

140  Kiess,  166,  61  168  141  k  56  1 

Kiess  and  Kiess,  128,  13:  270;  23.  143)  Kiess  and  Kiess,  582,  31:  647;  23. 

(144)  Kiess  and  Kiess,  48,  8:  607;  24  (l45)  Kiess  and  Kiess,  4 6,  14:  140; 

27.  (,46)  Kiess  and  Laporte,  166 ,  63:  234;  26.  (l47)  Koch,  8.  48:  98;  15. 

( 1 4 8 4  Konen  and  Hagenbach,  63,  4:  592;  03.  (  149j  Konen  and  Hagenbach, 

68,  4:  801;  03. 

( 1  50)  Kuhn,  642,  7  :  No.  12;  26  (15»)  Land6,  63,  22:  417;  21.  0*2)  Land6,  96, 

17:  292;  23.  (153)  Land6  and  Heisenberg,  96,  25:  279;  24.  (,54)  Lang, 

.  64:  187;  26  133  Laporte.  218,  11:  779;  23  1  *«  Laporte,  24: 

510;  23.  (157)  Laporte,  96,  23:  135;  24  26:  1;  24.  (**•)  Laporte,  218, 

13:  627;  25.  (>59)  Laporte,  2,  25:  886;  25. 

(I60)  Laporte,  197,  12  :  496;  26.  0  6 l)  Laporte  and  Lang,  2,  30  :  378;  27.  (162) 

Lau,  63,  25:  60;  24.  (163)  Lehmann,  8,  5:  633;  01.  (164)  Liebert,  8,  56: 

589,  610;  18.  (16S)  Lorenser,  Diss.,  Tubingen,  1913.  (166j  Loyarte 

and  Williams,  63,  28:  383;  27.  (167)  Lyman,  21,  23:  181;  06.  43:  89; 

16.  (188)  Lyman,  58,  104:  314;  19.  (»89)  Lyman,  68,  110:  278;  22. 

070)  Lyman,  21,  60:  1;  24  0  7 1)  Lyman,  58,  114  :  641 ;  27  (l  72)  Lyman  and 

Saunders,  Bull.  Amer.  Phys.  Soc.,  1:  No.  3,  16;  25.  (173)  McLennan  and 

McLay,  5,  108:  571;  25.  (174)  McLennan  and  McLay,  5,  112:  95;  26. 

(,75>  McLennan  and  McLay,  69,  20  III:  89;  26.  (175.5)  McLennan  and 

\l  I  x ,  t  .20  III :  201;  26  1 7t>  M  I  i  unan  and  M  I  ij  Sim 

26.  (177)  McLennan,  McLay  and  McLeod,  5,  4  :  486;  27.  (178)  McLennan 

and  Shaver,  69,  18  III:  1;  24.  (179)  McLennan  and  Smith,  69,  20  HI:  157; 

26. 

(,8°)  McLennan  and  Smith,  5,  112:  110;  26.  (181)  McLennan,  Young  and 

McLay,  69,  18  III :  57;  24.  (l82)  McLennan,  Young  and  McLay,  69,  18  III : 

77;  24.  (183)  Majumdar,  96,  39:  562;  26.  (184)  Majumdar,  58,  120:  918; 

27.  185'  Meggers,  128,  13:  317;  23  14:  161;  24  186  Meggers,  128 , 

14:  419;  24.  (187)  Meggers,  128,  14:  442;  24.  (l88)  Meggers,  21,  60:  60; 

24.  (I89)  Meggers,  96,  39:  114;  26. 

(19°)  Meggers,  128,  17:  25;  27.  (191)  Meggers,  48,  14:  140;  27.  (»92)  Meg¬ 
gers,  48,  14:  191;  27.  (193)  Meggers  and  Kiess,  48,  12:  417;  26.  (,94) 

Meggers,  Kiess  and  Walters,  48,  9:  355;  24.  (19S)  Meggers  and  Laporte, 

188 ,  61:  635;  26.  <196  Meggers  and  Laporte,  128 ,  16:  143;  26  197 

Meggers  and  Laporte,  2,  28:  642;  26.  (19#)  Meggers  and  Moore,  128,  15: 

207;  25.  (199)  Meggers  and  Peters,  21,  50:  56;  19. 

(200)  Meggers  and  Walters,  31  A.  22:  205;  27.  (201)  Meissner,  63,  15:  668;  14. 

(202)  Meissner,  8,  50:  713;  16.  (203)  Meissner,  8,  65:  378;  21.  (204) 

Meissner,  96,  37:  238;  26.  (2°8)  Meissner,  96,  39:  172;  26.  (208)  Meissner, 

96,  40:  839;  27.  (207)  Mihul,  34,  183:  876;  26.  (208)  Mihul,  34,  183: 

1036;  26  209  Mihul,  k.  184:  89  3: 

(2»°)  Mihul.  34,  184:  874;  27.  (2»»)  Mihul,  34.  184:  1055;  27.  (2»2)  Millikan 

and  Bowen,  58,  114:  380;  24.  (2I3)  Millikan  and  Bowen,  2,  25:  600;  25. 

(214)  Mohler,  2,  23:  108;  24.  (218)  Morand,  84,  178:  1528,  1701,  1897; 

24.  (216)  Narayan  and  Itao,  68,  120:  120;  27  (217)  Narayan  and 


Rao,  96.  45:  3.50;  27.  (2»8)  Nissen.  63,  21:  25;  20.  (2»9  Nissen.  21, 

57:  185;  23. 

(22°)  Ornstein  and  Burger,  96,  26:  57;  21.  (221  Paschcn,  8,  27:  537;  08 

(222)  Paschen,  8,  29:  625;  09.  (223)  Paschen.  8,  30:  746;  09.  (224 

38:  717;  10  2  2  9  Pai  86 

86:  191;  11  2  2  7  P  40  42  -  M );  hen, 

8,  50:  901;  16.  (229)  Paschen,  8,  60:  405;  19. 

(23°.  Paschen,  8, 68: 201;  20  231  Ik  71:142;23.  <2  32  P 

71:  537;  23  233  ,  Paschen,  m  li  i.  234,  Paschen  and  G6tse, 

(23S)  Paschen  and  Meissner,  8 .  43:  1223;  14  236  pope.iv,  Vrrh  d  Schu. 

Naturf.  Gesell.,  2:  1.50;  13  (237)  Popov,  8,  45:  147;  14  (23<k  Rnmage, 

5,  70:  303;  02.  (239>  Randall,  8,  33:  739;  10. 

(24°)  Rao,  67,  39  :  1.50;  27  (241)  Rao,  67,  39  :  161;  27.  (242)  Richter,  218,  15  : 

266;  27.  (243)  Iiitz,  8,  12:  264;  03.  (244>  Ritz,  63,  9:  521;  08.  i24  8) 

Roshdestvenskii,  Vnrh.  d.  Opt  Inst.  Petroyrad,  2:  No.  8;  21.  (g-series 
'246,  Ruark,  21 ,  58:  16;  23.  247  Ruark,  Foote  and  Mohler,  ,s.  8:  17;  21 

(248)  Ruark,  Mohler,  Foote  and  Chenault,  31  A,  19:  463;  24.  <249  Rudy, 

143,  202  :  659;  26. 

(2 so)  Kunge  and  Paschen,  21,  3:  4;  96.  (251  Runge  and  Paschen,  8,  61:  till; 

97  91,  8:  70;  98.  252  Runge  and  Paaohen,  21, 14: 49;  01  8,  6  :  725;  01. 

113  .  |  *•*)  64:  194 

R  iseeli,  31:  27;  28  2  *,>  Russell  and  Meggers,  9,  29:  606;  -’7  .237, 

Russell  and  Saunders,  21,  61:  38;  25.  (258,)  Rydberg,  468,  23:  No.  11;  90. 

(259)  Rydberg,  8,  50:  625;  93. 

(28°)  Saha,  3,  4:  223;  27.  (28»)  von  Salis,  8,  76:  145;  25.  (282j  Saltmarsh, 

8,  47:  874;  24  263  Saunders,  k  20 :  I  ;  "  j  2  64  Saunders,  20. 

117;  05.  (265)  Saunders,  21,  21:  195;  05.  (266)  Saunders,  21,  28:  223; 
ms  -■  lers,  91,  32:  153;  10.  268;  Saunders,  21,  50:  151;  19. 

(2  6  9)  Saunders,  21,  51:  23;  20. 

(27°)  Saunders,  21,  52:  265;  20.  (271)  Saunders,  21,  56:  73;  22.  (272) 

Saunders,  197,  12:  556;  26.  (273)  Saunders,  2,  27:  799;  26.  (274  Saun¬ 
ders,  Harvard  University,  0.  (275)  Sawyer,  218,  15:  765;  27.  (27s) 

Sawyer  and  Beese,  58,  116:  936;  25.  (277)  Sawyer  and  Beese,  166,  64:  44; 

26.  (278)  Sawyer  and  Paschen,  #,84:  1;  27.  (279,)  Sawyer  and  Smith,  2, 

29:  357;  27. 

(28<>)  Schiller,  218,  12:  579;  24.  (28»)  Schuler,  8,  76:  292;  25.  (282i  SchQler, 

96,  37:  568;  26.  (283)  Shenstone,  3,  49:  951;  25.  (284)  Shenstone,  2, 

28:  449;  26.  (28S)  Shenstone,  166,  63:  641;  26.  (288)  Shenstone,  2,  29: 

380;  27.  (287)  Shenstone.  2,  30:  255;  27.  (288)  Smith,  58,  120:  728;  27. 

(289)  Sommer,  218,  13:  840;  25. 

(29°)  Sommer,  96,  37:  1;  26.  (291>  Sommer,  96,  39:  711;  26.  (292)  Sommer, 

96,  45  :  147;  27.  (29*)  Sommer,  2,  89  :  358;  27  21,1  Sommerl  '.51: 

1;  16.  (29S)  Sommerfeld,  8,  63:  221;  20.  (296>  Sommerfeld,  8,  70:  32;  23. 

(297)  Sommerfeld,  208,  4:  115;  24.  (298)  Sommerfeld,  B94-  (299) 

Sponer,  96,  32:  19;  25. 

(30°)  Stark,  8,  56:  577;  18.  (301)  StQcklen,  96,  34:  562;  25.  (302i  Sugiura, 

51,  6:  323;  25.  (303)  Sur,  58,  114:  611;  24.  (304)  Sur,  58,  117:  380;  26. 

(505)  Sur,  3,  2:  633;  26.  (305.5)  Sur,  3,  3:  736;  27.  (3o«)  Sur.  96,  41:  791; 

27.  (307)  Thorsen,  recalculated  from  (116).  (30*)  Thorsen,  218,  11: 

78;  23.  (309)  Thorsen,  218,  11:  500;  23. 

(3»0)  Thorsen,  218,  12:  705;  24.  (31»)  Thorsen,  96,  40  :  642  ;  26.  (3*2) 

Toshnivall,  5,  4:  774;  27.  (313)  Tschulanowsky,  96,  16:  300;  23.  (3*4) 

Uhler  and  Tanch,  21,  55:  291;  22.  315  altera,  1  18:24  316; 

Walters,  128,  14:  407;  24.  (317)  Walters.  4^,8:245;  24.  (3»8)  Walters. 

128,  15:  88;  25.  319  W ents<  i.  96,  19 

(  320,  Werner,  in  (21).  (321  Werner.  58.  116:  .'.7k  27.  i32  2  \\ 

118:  Copenhagen,  1927.  i,32  3  Werner, 

University  of  Copenhagen,  O.  (324)  Wiedemann,  8,  38:  1041;  12  (32S> 
Wilhelmy, 8,  80 :  126  Wolff, 8, 42  ■  327  Wood.  44 

22.  (328)  Wood  and  Fortrat,  21,13  : 73;  16.  <  329>  Zeeman,  63,  14:  405;  13. 


4  OS 


INTERNATIONAL  CRITICAL  TABLES 


STRUCTURES  OF  THE  OPTICAL  SPECTRA  OF  ATOMS 

W.  F.  Meggers 


( For  compilation  of  our  knowledge  in  1922  of  regularities  in 
line  spectra,  see  (38i  59>  105);  for  atomic  structure  and  its  relation 
to  spectra,  see  Yol.  I,  p.  47,  and  Emission  of  X-rays,  Yol.  VI; 
for  term  values  for  series  in  atomic  spectra,  see  p.  392;  for  structure 
of  band  spectra  of  compounds,  see  p.  409.) 

The  most  important  features  of  any  optical  system  may  be 
represented  bv  the  values  of  two  quantum  numbers  l  and  r;  l 
indicating  the  type  of  term  corresponding  to  the  lowest  atomic 
energy  (normal  or  unexcited  state),  and  r  the  maximum  multi¬ 


plicity  of  sub-levels  occurring  in  the  spectral  terms.  The  types 
commonly  denoted  by  S,  P,  D,  F,  G,  .  .  .  correspond  to  l  =  0, 
1,  2,  3,  4,  .  .  .  In  the  following  table  are  given  all  the  values  of  l 
and  r  which  are  now  (February,  1928)  definitely  known.  Pre¬ 
sented  for  spectra  of  atoms  in  the  order  of  increasing  atomic 
number  (Z),  these  data  illustrate  the  alternation  and  displacement 
laws  of  spectroscopy  as  well  as  periodic  regularities  in  the  values  of 
l  and  r. 


Table  1. — Yalues  of  the  Quantum  Numbers  (l,  r )  for  the  Optical  Spectra  of  Atoms 
Z  =  atomic  number;  values  of  l  and  r  are  given  in  the  form  rl  for  the  spectra  of  normal  atoms  (7)  and  of  atoms  in  successive  stages 
of  ionization  (77,  III  .  .  .  ),  the  values  of  l  being  those  for  the  term  of  zero  energy  (normal  state).  There  are  no  data  for  Z  =  43,  59  to 
73,  75,  84  to  87,  and  89  to  92,  inclusive.  The  sources  from  which  the  data  W'ere  obtained  are  indicated  in  the  paragraph  following  the 
table.  The  symbols  of  the  elements  are  there  arranged  alphabetically,  and  the  atomic  numbers  are  printed  as  subscripts. 


z 

1  (1) 

1  7 

1  U 

1  HI 

1  IV  |  V 

l  z 

1  (1) 

I  I 

1  II 

1  HI 

IV 

1  v 

1  ^ 

1  (1) 

1  I 

1  II 

III 

IV 

1  V 

1 

II 

2 

24* 

Cr 

3,  5,  7° 

2,  4,6 

5 

3 

47 

Ag 

2° 

1,  3 

2 

He 

1,  3° 

2 

25* 

Mn 

4,  6°,  8 

5,  7° 

6 

48 

Cd 

1°,  3 

2° 

3 

Li 

2° 

3(?) 

26 

Fe 

3,  52,  7 

4,  62 

49 

In 

21 

3 

2 

4 

Be 

3° 

2 

27 

Co 

2,  43,  6 

3,  5 

50 

Sn 

1, 31 

2 

3 

2 

5 

B 

2° 

i°>  3 

2° 

28 

Ni 

1,  33,  5 

2,  4 

51 

Sb 

2,  4° 

2 

6 

C 

1,  3 

21,  4 

3 

2 

29 

Cu 

2°,  4 

1,  3 

52* 

Te 

1,  3 

7 

N 

2,  4 

1,  3 

2 

3 

30 

Zn 

1°,  3 

2° 

1°,  3 

53 

I 

2 

8* 

O 

3>,  5 

2 

3,  5 

2 

3 

31 

Ga 

2l 

3 

2 

54 

Xe 

t 

9 

F 

2,  4 

3, 5 

2 

3 

32 

Ge 

t 

2 

55 

Cs 

2° 

t 

10 

No 

1°,  3 

2, 4 

33 

As 

2,  4° 

56 

Ba 

1°,  3 

2 

11 

Na 

2° 

t 

34 

Se 

31,  5 

57 

La 

22,  4 

1,  33 

2 

12 

Mg 

i°,  3 

2° 

35 

Br 

2 

58 

Ce 

9. 

13 

A1 

21 

i°,  3 

2° 

36 

Kr 

t 

t 

74 

W 

52,  7 

14 

Si 

1, 3* 

2\  4 

1°,  3 

2° 

37 

Rb 

2° 

t 

76 

Os 

f 

lo 

P 

2 

3 

2,  4 

3 

2 

38 

Sr 

1°,  3 

2° 

77 

Ir 

f 

16 

S 

31,  5 

39 

Yt 

2l>  4 

1°,  3 

22 

78 

pt 

1,  3 

17 

Cl 

2 

3,  5 

2,  4 

3 

2,4 

40 

Zr 

1,  33,  5 

2,  43 

2 

79 

Au 

2° 

18 

A 

1°,  3 

41 

Cb 

4,  6 

52 

80 

Hg 

i",  3 

2° 

19 

K 

2 

1,  3 

42 

Mo 

5,  7° 

4,  6° 

81 

Tl 

21 

2 

20 

Ca 

1°,  3 

2 

44 

Ru 

3,  53 

82 

Pb 

1, 31 

2l 

2 

21 

■Sc 

2\  4 

1,  32 

22 

45 

Rh 

43,  6 

83 

Bi 

2,  4° 

22 

Ti 

1,  33,  5 

2,  43 

33 

22 

46 

Pd 

1°,  3,  5 

2 

88 

Ra 

2° 

23 

v 

2,  43,  61  3,  52 

4 

3 

2 

I* or  I  /,  r  2  for  Us,  Cr24,  Tes2;  for  I  IIt  r  —  2  for  Mn2&.  t  See  literature  reference  in  next  paragraph. 


SOURCES  OF  DATA 

A, 8  7  (42,121,149).  Ag47  7  (  43  ,  69,  129)(  //  (7,106,157). 
Ai,3  7  (43,  69,  129),  //  and  III  (127,  151).  As33  7  (10°,  107,  134). 
All 79  7  (43,  69,  96,  129,  170).  Rj  7  (43,  129),  //  (20,  21,  152),  /// 
(17,  152).  Base  7  (43,  69,  85,  129,  144),  //  (43,  69,  129).  Be47 
,23,  43,  129),  //  (23).  Bi83  7  (  63,  171,  172).  Br„  7  (173).  Cs 
/  (43,  49.5,  129),  //  (14,  17,  20,  123),  ///  (20,  21),  jy  (17).  Ca20 
7  (43,  69,  8S,  129,  144),  //  (43,  69,  129,  149.5).  Qb4]  /  (109),  // 
(ll4).  Cd«  7  (43>  69,  129,  133),  U  (43,  69,  129,  146).  CeJlV 
(50).  Cl  1 7  7  (26,  73,  173);  //  (16,  72,  128);  ///,  IV>  and  y  (16). 
Co27  7  (35,  35.5,  120,  138),  ll  (120).  Cr24  /  (33,  56),  //  (84,  115), 
III  (53),  V  (54),  VI  (51,52).  Cs88  7  (  43  ,  69,129),  //  (159)| 
Cu29  7  (  6  ,  43  ,  69,  129,  154,  162),  //  (155).  /  (26,  27,  38,  39), 

II  (14>  27),  III  and  IV  (14).  It,,  /  (58,  88,  91,  108,  120,  123.5, 
176),  ll  (137).  Gaji  7  (43,  69,  129,  174),  //  (131),  ///  (31,87, 
130,131.5).  Ge*t  /  (99),  JV  (31).  Cl,  see  Be.  II,  7  (43,  69, 
129,164).  He2  7  (41,  43,  69,  75,  93,  129),  //  (43,  69,  129).  Hgso 
/  (29,  43,69,105,129,150),  //  (31,  43,  69,129).  I6J  /  (173). 

7  (43,69,129,174),  //  (131),  ///  (31,86,87,  130,131.5). 


Ir77  7  (117).  K„  7  (43,  69,  129),  U  (25,  27,  37).  Kr„  7  (68,  1  68), 
77  (77).  La 67  7  (11  1,  1  1  3),  ll  (61,112,113),  in  (50).  Li 3  7 
(43,69,129),  ll  (153,166,177).  Mg,*  7  and  77  (43,69,129). 
Mn2s  7  (1,  32,43,69,  97,  129,138,  180),  //  (1,32,  97,138,180), 
III  (53),  VII  (51,  52).  Mo42  7  (34,  79,  1  14,  178),  //  (114,  178)| 
N7  7  (74,  80),  II  (14,  36,  44,  48),  ///  (14,  17,  20),  jy  (20).  Na„ 
/  (43,  69,  129),  II  (126).  Nb,  SeeCb.  Ne.o  7  (2,  4  1 ,  43,  6 7,  69, 
94,  95,129),  ll  (28,78).  Ni*g  7  (8,  12),  //  (120,156).  O, 

/  (43,69,70,71,  89,129),  U  (14,46,49,141),  777  (1  4,47,122), 
7 r  (14,  17,  20),  7  and  77  (22).  Os78  7  (m).  P,6  7  (147,  167),’ 

77  (15),  777  (16,  124,  148),  IV  (20,  148),  y  (18).  pb8J  7  (3,  60,  65, 
165,  169,  179),  77  (57),  IV  (31).  pd46  7  (  5,  10,  103  1  04,  117),  77 
(103).  Pt78  7  (  66,  1  17).  Ra88  77  (43,  69,  129).  Rb„  7  (43,  69, 
129).  77  (132).  Rh46  7  (114,  117,  160,  163).  Ru44  7  (»  1 «,  »  1  7, 

161).  S„  7  (3°.  43,  69,  70,  73,  129).  SbM  7  (1°0,  107),  y  (86). 
Sc21  7  and  77  (143),  777  (Si,  52,  iss).  Se34  7  (43,  69,  70,  101,  129). 
Si,4  7  (43,  45,  76,  129),  77  (16,127),  777  an(J  JV  (45).  Sn*,  / 
(4,  62,  64,  165,  181),  77  (125),  777  (131),  IV  (31,  86,  87, 
130,131.5).  Sr38  7  (43,  69,  85,  129,  144),  77  (43,  69,  129).  Tes2  7 
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(101),  VI  (86).  Ti2j  /  (59<  82.  1“°),  II  (1  36»  139),  III  (142),  /V' 

(51,52,142).  T1,1  I  (43,  69,  129,  133),  ///  (31).  V,,/  (11,136, 

138,  139);  U  (1  1 0)j  ///  (55)i  IV  (54),  (’  (51,  52).  \\'7,  /  (13,  40, 

«0).  XeM  I  (102).  VI  ,  /  ( 1 1  4,  1 1 8,  1 1 9  ,.  //  (114,119),  /// 

(50).  Zllao  /  (43,  69,  129,  150,  165),  JJ  (43,69,129,  146),  /// 

(92).  Zr«o  /  (81,  H4),  II  (83,  114),  /V  (50). 
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INTRODUCTION 

Among  spectroscopists  it  is  customary  to  use  in  place  of  the 
true  frequency  (in  sec-1)  the  “wave-number;”  t'.e.,  the  number  of 
waves  in  one  cm  in  a  vacuum.  .As  a  matter  of  convenience,  a 
frequency  so  indicated  is  often  referred  to  as  the  “frequency  in 

1  Bes  ults  prior  to  Deo  .  1927 


cm-1  units.”  Furthermore,  on  the  quantum  theory,  certain 
quantities,  such  as  a  spectral  line,  arc  associated  with  Loth  definite 
frequencies  and  definite  amounts  of  energy,  the  numerical  ratio 
of  the  energy  to  the  frequency  being  the  same  in  all  cases.  Hence 
it  is  often  very  convenient  to  express  both  the  energy  and  the 
frequency  by  the  same  numerical  magnitude,  and  for  thi*  the 
wave-number  (in  cm-1)  is  always  used  Throughout  this  report, 
in  the  symbolic  expressions  as  well  as  in  the  table.-,  till  quantities  of 
the  nature  of  either  frequency  or  energy  tin1  expressed  in  such 
cm-1  units.  The  multiplication  of  such  values  by  c  i  =  2.9979b  X 
1010  cm  sec-1)  gives  the  true  frequencies  (in  sec-1),  and  by  he 
(  =  1.9058  X  10-18  erg  cm)  gives  the  true  energies  in  ergs  . 

From  spectral  data  it  is  pos.-ihle  to  evaluate  a  set  of  energy 
levels  for  molecules,  as  well  as  for  atoms.  Certain  relatively 
widely  spaced  levels  in  molecules  seem  to  correspond  to  those 
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known  for  atoms,  and  hence  are  similarly  designated  and  are  said 
to  be  related  to  the  electronic  configuration.  A  transition  from 
one,  often  multiple,  electronic  configuration  to  another  gives  rise 
to  an  entire  system  of  bands.  Each  type  of  transition  is  corre¬ 
lated  with  bands  of  a  definite  structure.  For  details,  see  (40>  41 ). 

In  addition  to  these  levels  of  atomic  type,  diatomic  molecules 
have  two  other  sets  of  levels.  One  corresponds  to  the  mutual 
vibration,  and  the  other  to  the  mutual  rotation,  of  the  two  nuclei. 
To  each  electronic  level  corresponds  a  distinct  set  of  vibrational 
levels.  To  a  first  approximation,  the  energy  corresponding  to 
the  level  of  each  member  of  such  a  set  above  the  associated 
electronic  level  is  obtained  by  giving  successive  positive  integral 
values  to  n  in  the  expression  n(wo  —  worn.  +  .  .  .  );  x  is  a  posi¬ 
tive  constant.  The  frequency  (w)  of  vibration  is  obtained  by 
differentiating  this  with  respect  to  n;  w  =  wo(l  —  2 xn  +...). 
It  varies  with  n;  at  the  lowest  level,  that  at  which  the  amplitude 
and  energy  of  vibration  are  vanishingly  small,  n  =  0  and  w  =  wo. 
A  transition  from  one  vibrational  level  to  another  gives  rise  to  a 
single  band. 

As  w  is  the  derivative  with  respect  to  n  of  the  expression  for 


-JE 


no 

wdn. 


the  vibrational  energy,  the  heat  of  dissociation  Is  D 

where  n o  is  the  value  of  n  for  which  w  =  0.  Hence,  if  the  bands 
can  be  experimentally  followed  to  w  =  0,  D  can  be  determined 
from  spectroscopic  data.  Usually  this  cannot  be  done,  but  Birge 
and  Sponer  (6)  have  found  that,  for  the  normal  state  of  certain 
types  of  molecules,  fairly  trustworthy  values  of  D  can  be  obtained 
by  assuming  w  =  w0(l  —  2 xn)  throughout  the  range  n  =  0  to 
n  =  no;  then  D  =  wo/4wor.  It  seems  that  whenever  an  excited 
molecule  is  dissociated,  one  of  the  resulting  atoms  is  also  excited. 
If  the  amount  of  this  excitation  is  known,  it  is  possible  to  derive 
the  value  (D")  of  D  for  the  normal  molecule  from  that  (7)')  of 
the  excited  level  (see  Table  3). 

To  each  vibrational  level  corresponds  a  distinct  set  of  rotational 
levels.  These  account  for  the  individual  lines  of  a  band.  To  a 
first  approximation,  the  rotational  energy,  relative  to  the  vibra¬ 
tional  level,  is  Bm2(  1  —  m2u 2  +...);  m  is  a  function  of  the 
quantum  number  j,  but,  in  general,  is  not  quantized;  for  zero 
rotation,  m  =  0.  Usually  BI  =  h/87r2c  =  27.70  X  IO-40  g  cm, 
where  7  =  moment  of  inertia  of  the  molecule  about  an  axis 
through  its  center  of  mass  and  perpendicular  to  the  line  joining 
its  nuclei.  B  and  I  vary  with  the  vibrational  energy,  and  become 
B0  and  70  when  that  is  zero;  the  corresponding  nuclear  separation 
is  r o  =  \Zlo/y,  where  g  =  momim2/(wii  +  m2).  For  multiple 
levels,  like  -P,  £0/ois  not  given  accurately  by  h/87r2c;  see  (22.  31). 

If  70  >  70  the  band  is  degraded  towards  the  red.  As  the 
vibrational  energy  increases,  the  direction  of  degradation  of  the 
bands  of  a  system  may  reverse. 

The  relative  positions  of  the  energy  levels  of  a  molecule  may  be 
unambiguously  determined  from  its  band  spectra,  but  the  interpre¬ 
tation  of  these  levels  depends  on  theory.  The  new  1926  me¬ 
chanics  (N.  M.)  of  Heisenberg  and  Schrodinger,  and  the  old 
(1918-1926)  quantum  mechanics  (O.  M.)  differ  as  regards  the 
position  of  the  true  electronic  level  with  reference  to  the  observed 
lowest  level  of  a  given  set  of  vibrational  and  rotational  levels. 
Hence,  in  general,  the  derived  constants  also  differ.  All  data  in 
the  following  tables  refer  to  O.  M.;  they  may  be  converted  to 
N.  M.  by  the  following  relations,  in  which  symbols  referring  to 

N.  M.  are  indicated  by  a  bar  over  them:  Io  =  7o(l  +  u2/2)  X 
(1  —  ct/2Bo),  ro  =  ro(l  +  u2/4)(l  —  a/iBo),  wo  =  wo(l  +  x) 
(1—  a/4w0);  w^x  =  wox,  v.  =  v,  +  s"  —  s'  where  s  =  0.5w0(l  + 

O. 5x). 

These  transformation  equations  are  based  on  the  Bj(j  +  1) 
form  of  the  rotational  energy,  in  the  N.  M.  Further  refinements 
seem  to  indicate  that  the  true  form  is  B(j  -f  ) 2,  and  in  that  case 
the  factors  containing  u2/ 2,  u2/4,  and  a/4w„  should  be  omitted. 


The  value  of  a  is  known  for  only  a  few  systems  (for  CN,  NO, 
and  AlO,  a/B 0  =  0.01;  for  H2,  a/Ba  =  0.04),  and  is  not  given  in 
the  following  tables;  it  is  positive,  and  a/2Bo  is  of  the  order  of 
0.01;  x  is  of  the  same  order;  neither  is  negligible;  u2/ 2  and  a/4w„ 
are  of  the  order  of  10-4  to  10-6  and  are  negligible. 

A  full  account  of  the  quantum  analysis  of  molecular  spectra 
(O.  M.)  is  given  in  0);  previous  tables  of  constants  derived  from 
band  spectra  (U  36>  37>  38);  complete  bibliography  (36>  38>  38-1). 
The  O.  M.  is  used  consistently  in  (36)  and,  excepting  BO  bands,  in 
(1),  and  is  normally  used  in  (37>  38),  but  occasionally  in  these, 
N.  M.  values  given  by  the  original  investigators  are  inadvertently 
copied. 

SYMBOLS  AND  CONSTANTS 

(The  values  used  for  h,  c,  and  especially  R  differ  from  those  given 
in  Vol.  I);  see  Introduction  regarding  units. 

B  A  quantity,  of  the  nature  of  (length)-1,  related  to  the 
moment  of  inertia  of  the  molecule  in  such  a  way  that 
the  rotational  energy,  relative  to  the  vibrational  level, 
is  given  to  the  first  approximation  by  Bm2(  1  —  mhi’1 
+  ...).  It  varies  with  the  vibrational  energy; 
B  =  Bo  —  ccn.  Usually  BI  -  h/87r2c  =  27.70  X  10-40 
g  cm. 

Bo  Value  of  B  when  vibrational  and  rotational  energies  are 
each  zero.  For  multiple  levels  like  2P,  BaIo  X  h/8ir2c 
(22,  31). 

c  Velocity  of  light  in  vacuo;  c  =  2.99796  X  1010  cm/sec. 

D  Heat  of  dissociation  of  the  molecule. 

D’,  D"  Value  of  D  for  upper  state,  for  lower  (in  Table  3,  normal) 
state,  of  molecule. 

Et  Wave-number  =  elevation  of  electronic  energy  above 
normal  level.  (In  line  spectra,  the  corresponding 
quantity  is  so  defined  as  to  indicate  the  depression  of  a 
given  level  below  ionization.) 

e  Electronic  charge;  e  =  4.774  X  10-10  cgs  electrostatic 
unit. 

e/hc  The  reciprocal  of  the  potential  difference  that  corre¬ 
sponds  to  the  transition  that  gives  rise  to  radiation  of 
wave-length  X  is  e\/hc;  e/hc  =  2.428  X  10s  cgse  = 
810o  volt-1  cm-1. 

h  Planck’s  constant  of  action;  h  =  6.557  X  10-27  erg  sec. 

I  Moment  of  inertia  of  the  molecule  about  the  line  through 
its  center  of  mass  and  perpendicular  to  the  line  joining 
its  two  nuclei. 

Io  Value  of  I  when  vibrational  and  rotational  energies  are 
zero. 

7'o,  Iq  Value  of  Io  for  upper  state,  for  lower  state,  of  molecule. 

m  A  parameter  in  the  approximate  expression,  Bin 1 
(1—  mhi 2  +...),  giving  the  rotational  energy 
relative  to  vibrational  level.  It  is  a  function  of  j, 
the  quantum  number  correlated  with  the  resultant 
angular  momentum  of  the  molecule,  but,  in  general, 
is  not  quantized. 

wo  Mass  of  atom  of  unit  atomic  weight;  m0  =  wih/1.0077  = 
1.650  X  10-24  g. 

mu  Mass  of  atom  of  hydrogen;  mu  =  1.663  X  IO-24  g. 
mi,  m 2  Atomic  weights  of  the  two  atoms  composing  the  molecule. 

n  A  positive  and  integral  parameter  in  the  equations 
expressing  the  vibrational  frequency,  w  =  w0(l  —  2 xn 
+  ...),  and  the  vibrational  energy,  n( w0  —  wo xn 
+  ...),  relative  to  the  electronic  level. 

N.  M.  New  mechanics  (1926-  )  of  Heisenberg  and 

Schrodinger. 

O.  M.  Old  quantum  mechanics  (1918-1926). 

R  Rydberg’s  wave-number  =  109  678.3  cm-1. 

Continued  on  p.  417 
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SYMBOLS  AND  CONSTANTS.  -(Continued  from  p.  410 ) 

R  Spectral  hand  is  degraded  towards  the  red,  and  usually 
has  sharp  head  on  violet  side,  for  such  bands, 
1  0  ^  1  0  • 

r  Nuclear  separation  of  the  two  atoms. 

ro  \  aluo  of  r  when  vibrational  and  rotational  energies  are 
zero;  r0  =  y/l a/M. 

u  Symbol  for  2Z?0  o>0. 

V  Spectral  band  is  degraded  towards  the  violet,  and  usually 
lias  sharp  head  on  red  side.  For  such  bands,  l'0  <  /'0\ 

x  A  positive  constant  in  equations  for  vibrational  frequency 
and  energy;  see  n. 

a  A  positive  constant  in  li  =  B0  —  an. 

X  Wave-length  in  vacuo.  (Either  actual  or,  as  in  fre¬ 
quency  limits,  virtual.) 

p  Symbol  for  »i0Wi»i2  (»ii  +  m2). 

v  Frequency,  or  term  value,  serving  to  specify  an  energy 
level. 

v,  A  quantity  that  is  experimentally  the  frequency  of  a 
certain  line  in  a  certain  band,  called  the  “origin  of  the 
band  system,’’  and  is  theoretically  the  spacing  of  two 
electronic  energy  levels. 

03  Frequency  of  vibration  of  the  molecule;  w  -  o>0(l  —  2 xn 

+...). 

w0  Value  of  w  when  energies  of  vibration  and  rotation  are 
vanishingly  small. 

0  Signifies  equivalent  to,  or  corresponding  to. 

Table  2. — Electronic  Energy  Levels  of  Multiple  Level 

Molecules 

I11  most  molecules  only  a  few  electronic  levels  are  known,  and 
their  relative  positions  can  be  readily  deduced  from  Table  1,  the 
vibrational  and  rotational  constants  being,  within  limit  of  error, 
the  same  for  each  of  the  correlated  systems  of  bands.  Data  for 
more  involved  cases  are  given  below.  The  value  of  y/Rjv  is 
calculated  from  ionization  potential,  if  known.  In  column  1  is 
given  the  accepted  designation,  if  any,  of  the  level.  Symbols,  p. 
410  and  Table  1.  See  p.  409.  Unit  of  Et,  w0,  and  wox  =  1  cm-1, 
for  Ee  o  1.965s  X  10-1«  erg.  for  w0  and  wox  o  2.99796  X  1010 
vibration  sec-1;  of  70  =  10-40  g  cm2;  of  r0  =  10-8  cm. 


1 

E. 

u>o 

O!0J 

/  0 

1  ro 

Type 

■v  e  /  p 

H"0  (24)* 

X 

0 

1  873.7 

11.71 

15.68 

1 . 2074 

».S 

A 

[  23  521.3 

>  1  248.5 

10.6 

( 20.03 

1.3647 

V, 

\  23  647.5 

/ 

<  19  62 

1 . 3506 

n-x 

B 

42  805.2 

1  270.2 

10.07 

18.53 

1.3126 

*s 

CO  (•*);  cf.  (*)t 

X 

0 

2  154.7 

12.70 

•S 

0 . 9767 

a 

48  500§ 

1  724.8 

14.5 

«P 

1.28461 

a' 

58  927 

1  155 

9 

1  3990 

A 

64  765 

1  499.5 

17.24 

17.31 

1.236 

>P 

1.4781 

b 

83  825 

(2214) 

>3 

1  8767 

B 

86  929 

2  132  |  50 

14.26 

1.122 

>3 

1  977s 

C 

91  923 

(2133) 

■5(?) 

2. 1817 

e 

92  093 

>S(7) 

2. 1898 

E 

92  923 

(2134) 

2 . 2.306 

F 

99  730 

1914 

198 

2 . 6830 

G 

105  266 

3 . 3626 

X’ 

114  966 

2197 

15.17 

14.05 

1.11 

CO* 

00 

CO*  (>) 

X' 

o 

2197 

15  17 

14.05 

1.11 

>3 

f  20  346 

( 

A' 

\  20  471  6 

•  1550  46 

14.07  + 

17.7(7) 

1  25<?) 

{£ 

B' 

45  637.7 

1697.8 

24.33 

15.4 

1.17 

•s 

H,  (*) 

.4 

0 

4262 

113.5 

0  480 

0.76 

1*3 

0.9396 

B 

90  083 

1325 

15  9 

1.99 

1.55 

2*5 

1 . 7920 

94  735 | 

2390 

73 

0.78 

0.97 

2  >P 

1  928 1 

94  906.7 

2593.82 

68  41 

0  965 

1.08 

2  »S 

1  9337 

95  469 

2  >P 

1 . 9526  J 

Table  2. — (Continued) 

E* _ _ wo  W'J*  /o  To  Typo  yj  K/p 


1 1  j. — ( Conti  n  ur  d ) 


C 

99  086 

2380 

66.5 

0  942 

1  06 

2  0882 

111  427 

3>.S 

2  9261 

111  518.1 

2306 . 94 

62.94 

1 . 072 

1  136 

3  'P 

2  9365 

111  656.8 

2373  S9 

12 . 36(?) 
63.08 

3  ‘P 

4  *P 

2  9526 

117  169.9 

2276 . 45 

1.089 

1  .  145 

3.9395 

117.216.9 

2325. 6  (?) 

4  'P 

3  9526 

119  744.2 

2251 

58(?) 

1  .  135 

1  .  168 

5  ‘P 

4  94  1 

121  130.2 

2229  (?) 

54(?) 

1 . 130 

1  .  166 

6*/* 

5  942 

121  961.0 

7  >P 

6.942 

122  498.3 

H'P 

7  942 

124  237 

2247 

61.4 

0.927 

1  056 

H,* 

ao 

ne. 

(52,  4  0  h,  4 

7)r 

0 

1*5. 

0.743 

164  287.2 

(1731.8) 

3 . 650 

1  .052 

2'8n 

1  788 

166  630.6 

(1790.1) 

3.62 

1.047 

2‘.S. 

1  853 

169  071.8 

3.784 

1.071 

2'/’. 

1  .928 

184  695.7 

3.84 

1.079 

3‘5m 

2.810 

185  794.5 

(164 

3.5) 

f  3.861 
\  3 . 900 

1  .082 
l  087 

3  'Pm 

2 . 928 

186  107.5 

j  3.86 
^  3.89 

1.08  1 
1.09 

3  'P. 

2.964 

186  508.4 

3.666 

1 . 054 

3  '/>« 

3.013 

191  064.6 

3.88 

1.084 

4 '8m 

3.818 

191  480.2 

/  3.879 
(  3.976 

1 . 084 

1.098 

4  'Pm 

3 . 928 

191  609.2 

(162 

7.8) 

3 . 90 
v  3.97 

1 . 09  ! 

1.10 

4  'P. 

3 . 965 

193  876 

1 . 085  \ 

1  099 

5*  Sm 

4.812 

194  072.7 

3.885 
\  3.989 

5 

4  928 

194  140.5 

3.86 
\  4.11 

1.08  ( 

1.11 

5'P. 

4.966 

195  467.2 

(1623 

.8) 

i  3 . 892 
!  4.121 

1  086 
1.117/ 

6lPm 

5.927 

195  505.6 

f  3.86 
\  4.20 

1.08  I 

1.13  f 

6  'P. 

5.964 

196  304.1 

621 

9) 

|  3.892 
\  4.174 

1.086' 
1.125  f 

7  'P„ 

6.928 

196  844.0 

)  3.895 

\  4.168 

1 . 086  ' 
1.124  / 

8  <P„ 

7.928 

197  213.6 

9 

8.930 

197  476.2 

lO'/*™ 

9  928 

198  589 

N, 

(1,5,6,41. 

5)** 

lie,* 

oo 

X 

0 

2345.16 

14.445 

‘S 

0.895 

A 

66  260 ft 

1446.46 

13.929- 

*s 

1.246 

a 

68  957.0 

1679.2 

13.846- 

* p 

1 .271 

B 

75  778.6 

1718.40 

14.437- 

16.98 

1.212 

>p 

1.340 

b 

103  671.7 

1  817 

c 

104  415.6 

1.838 

c 

105  431.7 

2018.66 

26.047- 

15.24 

1 . 149 

>p 

1  867 

D 

119  996.6 

2.548 

X' 

136  890 

2187.4 

16.3 

14.41 

1  117 

N,* 

OO 

NO  (*. 

18, 25, 32, 

34m 

x 

/  ° 

1892. 12 

14.424  +  1 

16.29 

1 . 150 

J'Pi  1 

1  20020 

\  121 

1891.98 

14  454  + 

l*e. 

1  20116 

A 

44  193 

2352 

13- 

14.05 

1  068 

•B 

1  85287 

B 

145  486.12 

1029.43 

7.460  + 

■24.80 

1  418 

/  'P> 

1  89154 

(45  515.58 

1030.88 

7.455  + 

\  'Pi 

.89246 

C 

52  260 

2347  (approx.) 

2.143 

D 

S3  371 

2324 

27 

2.  190 

A" 

76  140 

NO*  1 

00 

*  In  terms  of  O.  M.,  the  origin  and  nuclear  separation*  are  not  the  same  for 
each  isotope;  note  that  here  they  have  essentially  the  same  r#  but  different  /*. 
For  values  in  N.  M.t  see  (*). 

t  The  upper  level  (c)  of  the  3  A -band*  at  92  093  is  apparently  different  from 
the  absorption  level  (C)  at  91  923.  Sec  also  Table  1.  notes. 

$  At  least  5-fold,  ranging  from  1.28-10  to  1.2M9. 
i  At  least  5-fold,  ranging  from  -IS  438  to  .'»34 
|  Calculated  levels. 

r  All  absolute  values  of  E •  for  He*  are  extre-r  ely  urn  Tt  un,  being  b.  -■•d  "U 
the  extremely  doubtful  assignment  of  the  X600  band  to  2  .S*. 

••  Ionixation  potential  assumed  ■■  16.9  volt, 
ft  Assumed  on  basis  of  8  18  volt  (•)  as  corrected  by  < 4  *  •*  1 
ll  Assumed  ionixation  potential  —  9.4  volt. 
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Table  3. — Heats  of  Dissociation 
D',  D"  =  heat  of  dissociation  of  excited,  of  normal,  molecule,  as 
derived  from  spectroscopic  data  ( see  p.  410);  many  of  the  values 
have  been  recalculated  by  Birge  from  the  original  data.  D"  = 
value  based  in  whole  or  in  part  on  chemical  data.  Probable  error 
is  often  great.  Each  numerical  value  is  the  number  of  volts 
through  which  a  single  electron  must  run  in  order  to  acquire  an 
amount  of  energy  that  is  equal  to  the  corresponding  heat  of  dissoci¬ 
ation.  Unit  =  8100  cm-1  per  molecule  o  1  electron  volt  per 
molecule  =  2.306  X  104  g-calu per  g-mole. 


1/ 

D" 

D'c' 

AgBr(13) . 

2.3* 

2.6 

Agl(12) . 

2.34* 

2.0 

Br2(33) . 

0.387 

1.96* 

2.0 

C,(?)f . 

7.0 

UN . 

9.5 

00(6) . 

11.2 

10.8 

CO  +  (6).  .  .  . 

9.8 

Cl2(33) . 

0.233 

2.54* 

2.47 

CsIOA  49) . 

3.25* 

3.34 

1L(3>  53) . 

4.42 

4.2 

HJ(3) . 

2.6 

HI(12) . 

2.9 

3.0 

HgH . 

0.4 

Iz(6) . 

0.547 

1.532* 

1.6 

I C 1(3 7.5) . 

0.30 

2.20* 

2.20 

K,(15) . 

0.57 

0.89* 

KBr(14) . 

3.9* 

KU1(14) . 

4.5* 

KI(14) . 

3.25* 

N2(6,  48) . 

11.7 

11.4 

N J(6) . 

9 

NO!6) . 

7.9 

8.3 

Na2(3S)t . 

0.57 

0.98* 

NaBr(i4) . 

3.9 

Nal(i4,  49) . 

<3.2 

3.0 

U 

D" 

d: 

02(6) . 

0.96|| 

7.02* 

6.5 

OH6) . 

f) .  5 

S2(44) . 

0.97 

4.9 

Se2(44) . 

0.44 

3 . 6(?) 

Te2(44) . 

0.42 

2.8(?) 

*  Deduced  from  D',  see  p.  410. 
t  Carrier  of  Swan  bands, 
t  Green  bands.  See  also  (ls). 

||  Schumann-Runge  bands.  Value  of  D'  corrects  an  error  in  (•). 
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MAGNETIC  RESOLUTION  OF  SPECTRAL  LINES 

P.  Zeeman 


INTRODUCTION 

Symbols  used  exclusively  in  the  table  are  explained  there;  those 
used  in  the  introduction  are  as  follows,  X,  c,  e,  h,  m0  having  their 
usual  significance  (Vol.  I,  p.  16): 

v  Wave-number  corresponding  to  X,  v  =  1/X. 
t  Designates  components  with  electric  vector  parallel  to  H. 
In  other  connections,  it  has  its  usual  significance,  x 
=  3.14159. 

a  Designates  components  other  than  x-components. 

E  Energy  level,  or  term. 

<7  Landd’s  splitting  factor. 

//  Magnetic  field  intensity. 
j  Inner  quantum  number. 
k  Azimuthal  quantum  number. 

I  Azimuthal  quantum  number,  l  =  k  —  1. 
m  Magnetic  quantum  number. 
n  Total  (principal)  quantum  number. 

A  Rydberg's  series  constant. 

o  Normal  resolution  by  magnetic  field,  o  =  e///4xcm0;  o/H  = 
4.695  X  10~6  cm-1  per  gauss. 

R  Term  multiplicity, 
r  Rotational  quantum  number. 


In  Bohr’s  theory  (33),  v  =  ( E\  —  Ei)/h,  where  Ei  and  Ei  are 
the  energy  levels  of  two  stationary  states.  An  energy  level  in  an 
atom  is  called  a  term.  For  a  neutral  atom,  a  term  sequence  is 
approximately  given  by  N/(n  -f  a)2,  where  N  is  characteristic  of 
the  atom,  a  is  an  empirical  constant,  and  n  =  1,  2,  3  .  .  . 

According  to  the  vector  atomic  model  (98,  123,  124,  125,  126, 
186,  219,  231,  238,  239)  and  the  assumption  that  the  moments  of 
momentum  of  all  rotary  motions  within  the  atom  are  quantized, 
an  energy  state,  or  level,  is  defined  by  certain  quantum  numbers: 

1.  The  n  in  the  term  sequence.  This  was  given  by  Bohr  and  is 
related  to  the  size  of  the  electron  orbit. 

2.  The  azimuthal  quantum  number  ( k )  is  related  to  the  shape  of 
the  orbit,  and  is  the  moment  of  momentum  of  the  individual 
electron  in  its  orbit.  If  the  atom  contains  more  than  one  electron, 
the  total  orbital  moment  of  momentum  of  the  entire  group  is  the 
quantized  vector  sum  of  the  individual  orbital  moments. 

Recently,  k  has  been  replaced  by  l  =  k  —  1,  and  the  vector  sum 
of  the  l’s  is  quantized  and  denoted  by  L.  Terms  corresponding  to 
l  =  0,  1,  2  are  denoted  by  S,  P,  D,  respectively,  and  the  corre¬ 
sponding  orbits  by  s,  p,  d. 

3.  The  moment  of  momentum  of  the  spin  of  each  electron  on  its 
axis  is  also  quantized  and  gives  the  quantum  number  r,  the  unit 
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quantum  being  H  (h  2r).  It  is  supposed  that  all  electrons  within 
an  atom  spin  in  the  same  plane,  but  not  in  the  same  sense.  The 
resultant  moment  of  momentum  of  the  spin  of  all  the  electrons  is 
denoted  by  R.  The  maximum  term  multiplicity  is  2 R  +  1. 

4.  The  total  moment  of  momentum  of  the  whole  atom  is  J  = 
L  +  R.  This  is  the  inner  quantum  number  j  of  Sommerfeld. 

The  number  of  electrons  in  each  orbit  defines  the  configuration 
of  the  atom  and  is  indicated  thus  s2p-d,  if  there  are  2  electrons  each 
in  the  s-  and  7>-orbits,  and  one  in  the  d-orbit. 

From  these  quantization  rules  and  Pauli's  selection  rules,  it 
is  (jossible  to  predict  the  spectral  structure  which  corresponds  to 
a  given  configuration  of  the  atom  (100i  101b  The  general  term 
symbol  is  a  group  of  the  quantum  numbers  written  in  the  form 
nTkj,  where  k  is  commonly  replaced  by  the  S,  P,  I)  notation, 
already  defined,  and  whenever  j  is  an  odd  number  of  halves,  it  is 
replaced  by  j  +  The  last  is  for  typographical  simplicity. 

Effect  of  External  Magnetic  Field  (262!.  1.  Normal  Zeeman 

Effect. — Zeeman  (25°)  discovered  that  a  magnetic  field  (H)  splits 
a  line  into  polarized  components.  When  viewed  at  right  angles  to 
H  there  are  3  components;  the  central  one  (7r-component)  coincides 
with  the  unresolved  line,  and  its  electric  vector  is  parallel  to  // ;  the 
outer  (cr)  components  are  equidistant  from  the  central  one  and  their 
electric  vectors  are  perpendicular  to  II.  When  viewed  along  II 
there  are  only  two  components;  these  are  in  the  same  positions  as 
the  a-components,  and  are  circularly  polarized  in  opposite  direc¬ 
tions.  Various  theoretical  explanations  have  been  given  (33»  51  > 
129,  230,  250),  On  the  quantum  theory  the  effect  of  a  magnetic 
field  on  a  spectral  term  E  is  &E  =  h om,  or  Av  =  om,  where, 
according  to  the  vector  model,  the  magnetic  quantum  number 
m  is  the  projection  of  j  upon  the  direction  of  H,  and  o  = 
e///47rcm0  is  the  normal  resolution.  In  combination  with  the 
selection  rules  and  the  polarization  rule  for  m  (Am  =  0  for  w- 
component,  Am  =  ±  1  for  ^-component)  this  gives  an  explanation 
of  the  normal  Zeeman  effect. 

2.  Anomalous  Zeeman  Effect. — For  large  values  of  II,  all  lines 
exhibit  the  normal  effect  (183),  but  in  weaker  fields  most  lines  are 
split  into  a  greater  number  of  components.  This  is  known  as  the 
anomalous  effect,  of  which  there  are  many  types.  The  type  is  the 
same  for  all  lines  of  a  spectral  series,  and  for  analogous  lines  of 
atoms  which  exhibit  the  same  spectral  structure  (192).  In  every 
case  the  Zeeman  pattern  is  quite  symmetrical  about  the  center,  as 
to  distance,  polarization,  and  intensity,  and  the  distances  differ 
little  from  rational  fractions  of  the  normal  resolution  o  (212). 
See  Fig.  1.  Hence  the  effect  may  be  symbolized  thus:  ±[(1)  (3)  5 
7  9]  5,  indicating,  in  this  case,  that  ideally  the  line  is  split  into  10 
components,  symmetrical  about  the  center  and  at  distances  Hi 
Hi  Hr  Hi  and  ?i  of  the  normal  resolution  o;  that  the  *• -components 
are  the  first  and  second,  in  (  );  and  that  the  strongest  components 
are  the  first  and  fifth,  printed  in  bold-face.  This  symbolism  is  used 
in  this  re[>ort;  for  comparison  with  observed  distances,  which  are 
frequently  not  rational  fractions  of  o,  the  ratios  are  expressed 
decimally. 

The  formalistic  theory  of  Land6  (17)  is  quite  successful  in 
explaining  the  anomalous  effect.  On  this  theory,  a  magnetic 
field  splits  a  term  into  2 j  +  1  magnetic  sublevels  having  the  mag¬ 
netic  quantum  numbers  rn  =  j,  j  —  1,  ,  1  —  j,  —  j. 

Generally  the  effect  is  anomalous  and  A»>  =  ogm,  where  g,  Landes 
splitting  factor,  measures  the  spacing  of  the  magnetic  sublevels. 
To  represent  the  observations  best,  g  must  be  determined  in 
accordance  with  the  matrix  mechanics  ("),  giving  g  =  1  + 
[j(J  +  1)  +  r(r  +  1)  -  k(k  +  l)]/2j(j  +  1).  See  Table  1. 

For  many  atoms  the  Zeeman  effect  deviates  markedly  from  the 
theoretical  pattern  so  determined,  g  having  values  not  given  by  the 
formula.  These  deviations  appear  to  depend  upon  two  factors. 
They  increase  with  increasing  atomic  number,  and  for  a  given 
spectrum  they  are  usually  small  for  the  lowest  level  and  increase 


progressively  as  the  level  increases.  In  such  cases  it  is  supposed 
that  the  vector  coupling  is  not  normal  I87  .  These  terms  are 
said  to  be  anomalous.  In  several  cases  it  is  not  possible  to  find 
the  theoretical  values  of  g  for  the  individual  terms,  but  Pauli 
(18S)  has  shown  that  in  all  cases  the  sum  of  the  ^-values  for  all 
terms  of  the  same  j  of  a  particular  configuration  is  the  same  as  the 
sum  of  the  theoretical  ^-values  (principle  of  permanence  of  the 
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Fio.  1.  Schematic  impnw ntation  of  the  typee  of  regular  resolution 
of  spectral  lines.  Dotted  lines  are  ir-oonii>onent8.  Unit  of  displace¬ 
ment  is  tliut  of  the  <7-eom|)onents  of  the  lines. 


0-sum).  All  these  rules  are  empirical;  for  the  heavier  atoms  de¬ 
partures  from  them  are  possible  and,  when  they  occur,  of  im¬ 
portance  in  the  interpretation  of  the  mechanics  of  the  atom 
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Table  1. —  Values  of  LandIc’s  Splitting  Factor  g 
9  ~  1  +  [j O'  +  1 )  +  r{r  +  1)  —  k{k  +  l)]/2 j{j  +  1) 
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Table  2. — Bibliographic  Index  of  Elements  for  Which  the 


Zeeman  Effect  Has  Been  Investigated 
The  atomic  number  is  written  as  a  subscript  to  the  chemical 


symbol.  (The  following  have  not  yet  (J 

an., 

A 

<N 

)  been  investi- 

gated 

:  Ac89,  As33,  Cpn, 

CS55,  D\ 

r  66, 

Em  86, 

Er68,  Eu 

63,  Gasi, 

GdC4, 

Ge32, 

Hf 72j  HOfi7,  In49,  Lll7i, 

Ma43 

,  Ndso,  Nt,«,  I 

’is,  Pa9i, 

Po84, 

Pl'69, 

Rb37, 

Re75,  Rrisa,  ^16,  Sa62,  > 

3e34, 

1  a73,  Tbc5,  rI  es2,  Tu69, 

u92, 

Xe34, 

Ybro.) 

Ais 

(30,  58,  132,  135 

,  136 

,  154 

) 

Ag47 

(21,  23,  154,  155 

,  199 

,  200 

,  216) 

A1 13 

(184,  205,  216) 

Au7g 

(1,  95,  136,  154, 

155, 

169, 

1  94 

,  199, 

200) 

b6 

(188) 

Bas6 

(5,  7,  8,  10,  160, 

161, 

189, 

191 

,  216, 

220) 

Be  4 

(10,  106,  107,  188) 

Bi^ 

(94,  137,  194,  199,  200,  240) 

Br36 

(30,  113,  206) 

c6 

(68,  72,  154,  155 

,  205 

) 

Ca20 

(12,  21,  106,  107 

,  158 

,  163, 

,  178,  179, 

,  l84, 

,  189, 

205 

,  216, 

,  260  1 

Cb  4 1 

(104,  105) 

Cd48 

(2,  7,  8,  44,  65, 

109, 

137, 

154, 

,  155, 

1  58, 

177, 

1  78 

,  179 

,  184, 

190,  191,  198, 

204, 

205, 

208 

,  210, 

216, 

221, 

222 

,  232 

,  240, 

251,  252) 

Ce68 

(121,  143) 

CL, 

(II4) 

Co27 

(88,  109,  220) 

Cr24 

(3,  5,  6,  7,  8,  56 

,  57, 

61,  62,  76,  79 

,  95, 

116, 

136, 

156, 

,  157, 

198,  200,  202, 

207, 

261  ) 

Cu29 

(1,  10,  22,  61,  62 

,  95, 

136, 

154 

,  155, 

165, 

169, 

191 

,  199, 

1  200, 

216,  228,  251) 

F, 

(35,  36) 

Fe26 

(2,  5,  6,  7,  21,  25 

,  26, 

27,  55,  88,  95, 

1  09, 

116, 

117 

,  118, 

,  120, 

136,  152,  153, 

154, 

155, 

172 

,  204, 

205, 

235, 

249, 

,  253, 

,  254, 

260  , 

Gl« 

{See  Be) 

H, 

(30,  31,  45,  46,  47,  48 

,  49, 

S3, 

54,  63 

,  66, 

154, 

155, 

1  76, 

183) 

He2 

(30,  50,  89,  90, 

93,  132,  133, 

134, 

154, 

155, 

159, 

164, 

1  65, 

183, 201 ) 

Hgso 

(18,  19,  20,  30,  32,  77,  78, 

83, 

84,  85,  89 

,  90, 

106, 

107, 

109, 

132,  133,  137, 

138, 

140, 

142 

,  154, 

1  55, 

165, 

166, 

,  167, 

170, 

171,  174,  178, 

179, 

205, 

209 

,  211, 

213, 

214, 

215, 

216, 

222, 

244,  247,  254, 

255, 

256,  : 

257, 

258, 

260) 

IM  (30,  135,  248) 

Ir77  (197) 


K„  (34,  183) 

Kr36  (1  32,  1  33) 

La  67  (220) 

Li3  (13,  69,  1  10,  154,  155,  183,  259,  260' 

Mgi,  (!)  2,  12,  43,  44,  59,  106,  107,  154,  155,  1  58,  169,  178,  179, 
198,  204,  205,  208,  210,  216,  237) 

Mnji  (5,  11,  13,  76,  135,  136,  154,  155,  157,  158,  191,  198,  200, 

Mo. 12  (5,41,102,103,245) 

Nr  (9,  30,  45,  43,  52,  68,  71,  72,  73,  74,  195,  196) 

Nan  (10,13,44,69,70,  71,  73,74,  120,  122,  '32,  1??,  154,  155, 
166,  183,  188,  191,  201,  208,  216,  221,  222,  246,  252,  259, 
260, 263 ) 

Nb«  {See  Cb) 

Neio  (14>  132.  133,  165,  168,  173,  201,  236) 

Ni28  (5>  12>  21,  88>  1  °9,  136,  173,  187,  205,  225,  235,  249) 

08  (47,  49,  75,  156,  180,  1»3, 

Os76  (l60,  161) 

Pbaa  (15,94,194,199,  200) 

Pd46  (21,  130,  131,  136,  187,  193,  195  ,  2  0  0) 

Pt78  (  97,  139,  151,197  ,  2  0  0) 

Ra88  (311) 

R1i45  (193,195  ,  2  0  0  ,  2  2  9) 

Ru44  (150,193,  195  ,  2  2  6  ,  2  2  7) 

Sb51  (94,  194,  199,200) 

Sc2I  (86) 

Sin  (265) 

Sn so  (I6,  91,  92,  94,  154,  155,  194,  199,  200,  251) 

Sr38  (106,107,158,  163,189  ,  2  1  6) 

Thgo  (5,44,  121,  122,162) 

Ti22  (5i  7!  8i  25,  115,  116,  117,  118,  198,  200,  218) 

Tim  (10,  154,  155,  208,  216,  240) 

V23  (3,  4,  5,  6,  7,  120,  145,  197,  200) 

W74  (5,  28,57,  102,103,121,233) 

YtS9  (5,  160,161,189,220) 

Zn30  (2,  7,  44,  59,  65,  67,  73,  74,  109,  154,  155,  158,  177,  178,  179, 
184,  191,  198,  204,  205,  208,  210,  216,  221,  222,  232,  240, 
241,  242,  243,  249,  2  51) 

Zr40  (160,  161) 

Table  3. — Zeeman  Effect  for  Cu,  Mn,  Mo,  Ne,  Pb,  Rh,  Sc,  Sv, 

V,  AND  W 

For  explanation  of  type  notation,  see  p.  418.  Unit  of  displace¬ 
ment  is  o  =  e///47rcm0;  o/H  =  0.04695  cm-1  per  kilogauss.  B  = 
broad;  2 B0,  2 Bc  =  observed,  calculated,  overall  breadth  of  the 
resolved  line  =  sum  of  the  displacements  of  the  extreme  compo¬ 
nents:  d,  I)  =  diffuse,  very  diffuse;  /  =  displacement  of  strongest 
^-component  from  undisturbed  line;  gx{gy]  =  value  of  g  for  the 
first  [second]  term  named  in  the  term  combination  given  in  the 
“Term”  column;  Int.  =  intensity;  Qp  =  pseudoquartet;  r,  R, 
(in  column  Int.)  =  easily,  very  easily,  reversed;  r  (in  column  4)  = 
completely  resolved  into  all  expected  components;  s,  S  =  sharp, 
very  sharp;  si;  s0  =  sharp  inside,  outside;  T,  Tp  =  triplet,  pseudo¬ 
triplet;  Ts  =  sharp  triplet;  w  =  weak,  but  all  components  could 
be  measured;  IT  =  very  weak;  Z„,  Zc  =  displacements  of  com¬ 
ponents  as  observed,  as  calculated;  7r-components  (electric  vector 
parallel  to  H )  are  in  (  ) ;  the  displacement  of  the  most  intense 
member  of  each  class  (ir,  cr)  is  printed  in  bold  face.  Unit  of  X  = 
1A  =  10~8  cm;  of  displacement  =  0.04695  cm-1/ kilogauss. 

Cu29  (22,  228)j  lnt.  and  X  (64);  Terms  (228)- term  structure  (22, 
223,  224,  228,  234)j  references  are  given  in  column  (4) 

I  nt .  I  X  |  Terms  1  4  Type 

Cu  / 

3  5554.94  |  *D>  -  *Dt  |  (22) 

Zo  (0.00)  1.88 

Ze  (0.03)  (0.09)  (0.14)  1.29  1.34  1.40  1.46  1.51  1.57 
1  5352.68  'Fs  -  ,  (228)  : 

Zo  (0.00)  2.15 

Zc  (0.29)  (0  86)  (1  43)  2.86  2.28  1  72  1.14  0.57  0.00 
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Cu29. — (Continued) 


Int 

X 

Terms 

4 

Type 

Cu  / . — ( Continued ) 

8R 

5292.55 

*D\  -  'D, 

(“*) 

Zo  (0.00)  1.42;  Zc  (0.00)  1.43 

20() 

5218.20 

*Ps  -  W> 

(“*) 

Z .  (0.00) 

1.01 

Z «  (0.07)  (0.20)  1.00  1.14  1.27 

1.40 

Id 

5200.95 

V,  -  *D, 

(228) 

Z„  (0.00) 

0.73 

Ze  (0.26)  (0.77)  (1.28  i  2.15  1.62  1.12  0.60  0.09 

100 

5153.26 

2*Pi  -  3W, 

(228) 

Z„  (0.00  0.39 ;  Ze  (0.07)  0.73 

0.87 

1 

5111.94 

•D\  -  ‘Di 

(228) 

Zo  =  Ze  (0.00)  0.00 

50 

5105.58 

W,  -  2*P, 

(228, 

Ze  (0.00) 

1.10 

Z r  (0.07)  (0.20)  1.00  1.14  1.27 

1.40 

2 

.5016.63 

* D -  *£>  i 

(228) 

Z.  (0.54)  1.63  0.54;  Ze  (0.60 

1.80  0.60 

1 

4797.07 

•F,  -  *D, 

(228) 

z»  (o.oo) 

2.05 

Z'  (0.20)  (0.60)  (1.00)  2.43  2.03  1  63  1.23  0.83  0.43 

Id 

4767.5 

’■Dt  -  W" 

(228) 

Zo  (0.00)  0.69;  Z,  (0.00)  0.80 

4704.60 

•F,  -  *D, 

(228) 

Ze 

(0.65) 

1.42 

Zo  (0.10)  (0.29)  (0.48)  (0.67)  0.76  0.95 

14  1.34  1.53  1.72  1.91 

20 

4651.13 

'Ft  -  *Dt 

(228) 

Z„  (0.00) 

1.30 

Zo  (0.05)  (0.14)  (0.24)  (0.33)  1.00  1.10 

.19  1.28  1.38  1.48  1.57 

20 

4586.97 

•Ft  -  *D, 

(228) 

Zo  (0.00) 

0.88 

Ze  (0.07)  (0.20)  (0.33)  0.90  1.04  1.17  1.31  1.41  1.57 

15 

4530.84 

2’Ps  -  3’Si 

(228) 

Zo  (0.33)  1.00  1.69;  Ze  (0.33 

1.00  1  67 

4 

4509.40 

•Ft  -  lDi 

(22) 

Zo  (0.23)  0.23  0.64;  Ze  (0.20) 

0.20  0.60 

8 

4509.39 

•Ft  -  lDj 

(228) 

Zo  (0.21)  0.45;  Ze  (0.20  0.60 

0.20 

10 

4480.38 

2»Pi  -  3*Si 

(228, 

Zo  (0.65)  1.33;  Zo  (0.67)  1.33 

20 

4275.13 

•P,  -  *D< 

(228) 

Z„  (0.00) 

1.13 

Zo  (0.09)  (0.26)  (0.43)  1.00  1.17  1.34  1.52  1.69  1.86 

Id 

4253.34 

•Ft  -  »£>', 

(228, 

Z„  (0.00) 

1.14 

Zo  (0.02)  (0.06)  (0.10)  1.34  1.30  1.26  1.22  1.18  1.14 

8 

4248.97 

•P i  -  */>, 

(228) 

Z„  (1.31)  1.31;  Z«  (1.33)  1.33 

3 

4104.23 

•Pt  -  W, 

(228) 

Zo  (0.87)  2.62  0.87 

Zo  (0.87)  2.60  0.87 

100 

4062.69 

2*Pi  -  4»£>j 

(228) 

Z.  (0.00) 

1.06 

Z«  (0.07)  (0.20)  1.00  1.14  1.27 

1.40 

100 

4022.67 

2»Pi  -  4 *D, 

(228) 

Z.  (0.00)  0.82 

Zo  (0.07)  0.73  0.87 

2 

3648.39 

■‘Ft  - 

(228) 

Z.  (0.00) 

1.05 

Zo  (0.02)  (0.05)  (0.08)  0.97  0.94  0.91  0.87  0.84  0.81 

10 

3621.25 

♦ n ,  -  <d; 

(228) 

Zo  (0.00)  1.10;  Zo  (0.00)  1.20 

3 

3614.22 

*/>;  - 

(228) 

Zo  (0.00)  1.43;  Zo  (0.00)  1.37 

2 

3609.30 

’■Di  -  *P  1 

(228) 

Z.  (0.97)  0.00 

Z.  (0.93)  0.13  1.73 

10 

3602.04 

•d\  - 

(228, 

Z.  (0.00)  1.48;  Ze  (0.00)  1.43 

2 

3594.02 

W,  -  *P, 

(22) 

Z. 

0.99 

Z,  (0  20)  (0.60)  (1.00  0  60  1.00  1.40  1.80  2.20 

10 

3530.39 

W,  -  »F, 

(228) 

Z.  (0.00) 

1.14 

Ze  0.11  (0.31)  1.37  1.14  0.91 

0.69 

6 

3524.24 

'Ft  -  *K 

(228) 

Z.  (0.00) 

1.50 

Zr  0.18  (0.57)  (0  95)  2.19  1.81  1.43  1.05  0  67  0.29 

3 

3457.86 

W,  -  >P, 

(22) 

Z.  (0.25)  (0  79)  0.33  0.84 

Z.  0.27  (0  80)  0.40  0.93  1  47 

2.00 

3 

3440.52 

'D,  -  • Ft 

{■*) 

Z. 

0.60 

Z,  (0.20)  0.60)  0.20  0.60  1.00 

10 

3337.85 

W,  -  'Ft 

(128) 

Z.  (0  00) 

1.28 

Z,  (0.02  (0.06)  (0.10)  1.34  1.30  1  26  1  22  1.18  1.14 

Cuj». — '  C  uni  in  ucd) 

Int. 

X 

Terms 

4 

Tyi>o 

Cu  /. — (Continued ) 

3 

3279.82 

Wt  -  * Ft 

(”)  1 

Z„  0.00 

1.56 

C 

Zo  (0.03)  (0.09)  0  94  O.N9  0.83  0.77  (’) 

lOOOr 

3273.97 

PSi  -  2-Pi 

(228) 

Ze  (0.66)  1.34;  Z«  (0.67)  1.33 

lOOOr 

3247.55 

l*Si  -  2'Pt 

(228) 

Ze  -  Z,  =  (0.33  1.00  1.67 

8 

3243.16 

iF,  -  tp\ 

(22») 

Z„  (0.00) 

1.30 

Zo  (0.05  (0.14)  (0.24)  (0  33)  1.67  1.57 

.48  1.29  1.19  1.10  1.00 

5 

3235.71 

AFt  —  *F  s 

(22S) 

Zo  0.61 

Zo  (0.31)  (0.94)  1.97  1.34  0.71 

0.09 

4 

3208.23 

'■Dt  -  * D , 

(22) 

Zo  (0.19)  (0.57)  1.67 

Zo  (0.28)  (0.85)  0.51  1.08  1.66 

2.23 

10 

3194.10 

Wt  -  'D', 

(22«) 

Zo  (0.44!  1.05 

Zo  (0.20)  (0.60)  1.40  1.00  0.60 

3 

3156.62 

! Os  -  *D[ 

(22) 

1  Ze  (0.31)  1.10 

Ze  (0.40)  0.40  1.20 

10 

3142.43 

•Pt  -  <Ss 

(228) 

Zo  0.40 

Zo  (0.13)  (0.40)  2.14  1.87  1.60 

20 

3108.60 

•Pt  -  'F', 

(22») 

Zo 

0.51 

Zo  (0.23)  (0.69)  (1.15)  0.010.45  0.91  1.37 

6 

3093.99 

’■D,  -  *D\ 

(22) 

Zo  (0.00) 

1.78 

Zo  (0.11)  (0.34)  (0.57)  0.85  1.08  1.31  1.54  1.77  2.00 

4 

3073.80 

W,  -  'Ft 

(22) 

Zo 

(0.30) 

1.10 

Zo  (0.17;  (0.51)  (0.86)  1.71  1.37  1.03  0.69  0.34 

8 

3073.80 

*/J s  - 

(22«) 

Zo 

0.64 

1.51 

Zo  (0.19)  (0.51)  (0.86)  1.71  1.37  1.03  0.69  0.34 

10 

3063.42 

Wt  -  1 Pt 

(22», 

Zo  0.52 

1.18 

Zo  (0.27)  (0.80)  1.60  1.06  0.53 

6 

3036.10 

W,  -  W'i 

(22) 

Ze  (0.42)  (?) 

Ze  (0.00)  1.333  (?) 

10 

3010.84 

'D,  -  *D', 

(2  2®) 

Zo  (0.00) 

1.15 

Zo  (0.09)  (0.26)  (0.43)  1.63  1.46  1.29  1.12  0.94 

10 

2997.36 

W,  -  W'i 

(22S) 

| 

Zo  (0.21)  (0.60)  1.85 

Zo  (0.20i  (0.60)  1.80  1.40  1.00  0.60 

20 

2961.18 

W,  -  >F, 

(22.) 

Z„  (0.00) 

1.17 

Zo  (0.03)  (0.09)  (0.14)  1.00  1.06  1.12  1.17  1.23  1.29 

8 

2882.94 

W,  -  » P, 

(228) 

Z„  (0.00) 

1.16 

Zo  (0.07)  (0.20)  1.00  114  1.27 

1.40 

20 

2824.38 

»o.  -  W’i 

(228) 

Ze  (0.00)  1.23  ;  7ee  (0.00)  1.20 

2 

2768.89 

J Dt  -  3!Pi 

(228) 

Zo  (0.00)  0.96 

Z«  (0.07)  0.73  0.87 

50  R 

2618.38 

J D,  -  3!Pi 

(228) 

Z„  (0.00) 

1.12 

Zo  (0.07)  (0.20)  1.00  1.14  1.27 

1.40 

5  R 

2492.14 

>S i  -  *P, 

(228) 

Z.  (0.00)  1.80 

Z.  (0.13)1.60  1.8V 

4R 

2441.62 

*Si  -  *P, 

(**) 

Z.  (O.OO)  2.27;  Z,  (0.33)  2.33 

2 

2369.88 

*Ds  -  4»Pj 

(228) 

Zo  (0.00)  1.13 

Zo  (0.03  (0.09)  0.94  0.89  0.83  0.77 

2  R 

2263.09 

Wt  -  >p; 

(228) 

Z.  (0.00)  0  79 

Z.  (0.07'  0.73  0.37 

2230.07 

W,  -  *F[ 

(228) 

Z.  (0.00) 

1.05 

Zo  (0.03)  (0.09)  (0.11)  1.00  1.06  1.12  1  17  1  23  12'' 

2  R 

2227  74 

W,  -  ,F', 

(128) 

Z.  (0.00) 

0.79 

Z,  (0.03  (0.09  )  0.94  0.89  0.83  0.77 

2  R 

2215.65 

»Ci  -  »£>; 

(228) 

Z.  (0.00)  0  96 

Zo  (0.00)  0.80 

2  R 

2214.56 

W,  -  »P, 

(228) 

Z.  (0  00) 

118 

Z,  (0.07  (0  20)  1.00  1  14  1.27 

1.40 

2  R 

2199.65 

W,  -  ,D, 

(“*)  1 

Ze  (0.00)  1.17 

Z.  (0.00)  1.20 

422 


INTERNATIONAL  CRITICAL  TABLES 


Mn54  (> 1  ;  Int.  and  X  (>•);  cf.  (,12);  Terms  (>  L  37);  in  column  (4) 
are  notes  and  symbols 


Int. 

10ft 


9ft 


Oft 


10 


9ft 


Oft 


Terms 


4 


Type 


4823.522 


»P s  -  ‘Si 


Mn  I 

r  I  [(1)  (3)  (5)  (7)  9  11  13  15  17 
|  19  21  23]/9 

Z„  (0.1108)  (0.3324)  (0.5540)  (0.7756)  0.9973  1.219  1.441  1.662  1.884 
Zc  (0.111)  (0.333)  (0.555)  (0.778)  1.00  1.22  1.44  1.66  1.89 

2.11  2.33  2.55 


4783.432 


Zc 


•Pi  -  «Sa  *t  1(2)  (6)  (10)  (14)  112  116  120 

124  128  132  1361/63 

(0.211)  1.785  1.845  1.905  1.966  2.026  2.087 


2.147 


Zc  (0.033)  (0.095)  (0.158)  (0.222)  1.778  1.840  1.904  1.968  2.031  2.094 
2.158 

4754.058  I  ‘Pt  -  »Si  I  r  I  [(1)  (3)  (5)  9  11  13  15  17 

19]/7 

Z0  (0.143)  (0.429)  (0.716)  1.278  1.565  1.851  2.173 
Zc  (0.143)  (0.429)  (0.715)  1.286  1.572  1.857  2.143  2.429  2.175 
4312.546  I  'Pt  -  'Dt  \  r  |  [(1)  (3)  5  7  9  11]/S 

Zc  (0.206)  (0.618)  1.385  1.797  2.209 
Z,  (0.2)  (0.6)  1.0  1.4  1.8  2.2 

4284.084  |  'Pt  -  *Di  \  r  |  [(13)  13  39J/15 

Z„  (0.861)  0.861  2.575;  Zc  (0.867)  0.867  2.601 
4281.097  I  *Pi  -  'Dt  I  r  |  [(4)  (12)  (20)  36  44  52  60 

68]/35 

Zc  (0.1113)  (0.3375)  (0.6637)  1.030  1.256  1.482  1.709  1.935 
Zc  (0.1143)  (0.3429)  (0.6715)  1.029  1.257  1.486  1.714  1.943 


4265.920  |  'Pt  -  'Dt  \  r 

Zc  (0.794)  0.926  1.456  1.986 

Zc  (0.2667)  (0.800)  0.933  1.466  2.00 

4257.653  |  <Pi  -  'Di  \  J 

Z„  (1.332)  1.332;  Zc  (1.333)  1.333 
4239.723  |  ' Pi  -  'Dt  |  r 

Zc  0.4623  (0.7366)  1.895;  Zc  0.467  (0.733)  1.933 


[(4)  (12)  14  22  30J/15 


[(4)  4]/3 
[7  (11)  29J/15 


4235.306 


'Pi  -  'Dt 


[(3)  (9)  (15)  35  41  47  53 
|  ||  59  651/35 

Zc  (0.0865)  (0.2595)  (0.4325)  0.996  1.168  1  341  1.514 
Zc  (0.0857)  (0.257)  (0.429)  1.00  1.171  1.343  1.514  1.686  1.857 


8 

4235.125 

'Pi  -  'Di 

r|| 

[(17)  (51)  93  127  161 

Zc  (0.095) 

(0.286)  (0.476) 

(0.666)  0 

195J/105 

1.873  2.063 

Zc  (0.163) 

(0.489)  0.890  1.216  1.542  1.868 

10 

3806.866 

•Da  — 

niin 

Zc  (0.162)  (0.486)  0.886  1.210 

1.533  1.856 

3 

3790.215 

Wt  -  *F 6 

Qp 

6 

4083.639 

‘Di  -  ‘D[ 

t 

[(77)  (231)  (385)  3115  3269 

3423  3577  3731  3785J/2205 

Zc  (0)  1.488 

Zc.  .  .  (0.586)  .  .  .  1.460  .  . ;  Zc. 

.(0.545)  . 

fi 

4082.947 

‘Dt  -  ‘D, 

TPr 

[(11)  (33)  141  163  185 

3 

3629.739 

‘Pi  -  ‘Dt 

Ts- 

2071/105 

Zc  (0.1040)  (0.312)  1.330  1.583  1.746  1.954 

Zc 

(0) 

Zc  (0.105)  (0.314)  1.343  1.553 

1.762  1.972 

Zc  (0.029  0.086  0.143)  1.57  1.63  1.69  1.7 

6 

4079.428 

‘Di  -  ‘D’t 

** 

[(11)  17  391/15 

4 

3623.790 

‘Pi  -  ‘Dt 

Ts- 

Zo( 0.733)  1.130  2.578;  Zc  (0.733)  1.133  2.600 

Zc  (0) 

1.885 

6 

4079.245 

‘Di  -  ‘D'b 

TP 

[(1)  (3)  (5)  (7)  91  93  95  97  99 

Zc  (0.0095)  (0.0286)  1.857  1.876  1.895  1 

101  103  1051/63 

4 

3619.399 

-  ®Z>I 

r 

Zc  (0)  1.490 

Zc  (0.459)  1.931  2.869;  Zc  (0.466)  1.933 

2 

4070.280 

>D i  -  >D[ 

Ts 

[(0)  101/3;  Zc  (0)  3.343;  Zc 

6 

3610.296 

‘Pt  -  ‘Di 

r 

(0.00)  3.333 

Zc  (0.268)  (0.805)  1.621  2.152  2.684 

2 

4068.029 

‘Dt  —  ‘D't 

Ts 

[(0)  28J/15;  Zc  (0)  1.867;  Z. 

Zc  (0.266) 

0.800)  1.800  2.133  2.666 

(0)  1.866 

6 

3608.484 

‘Pt  -  ‘Dt 

r 

4 

4063.553 

‘Dt  -  W', 

Ts 

[(0)  581/35;  Zc  (0)  1.652;  Zc 

(0)  1.657 

Zc  (0.115) 

'0.345)  (0.571)  1.319  1.549  1. 

2 

4058.936 

‘Dt  —  ‘ D[ 

r 

[(11)  17  39J/15 

Zc  (0.114) 

0.343)  (0.572)  1.314  1.543  1. 

Zc  (0.728)  1.135  2.598;  Zc  (0.733)  1.133  2.600 


4055.553 


4048.760 


‘Di  -  ‘D’t 
•D]  - 


Ts 


[(0)  100J/63;  Zc  (0)  1.580;  Zc 
(0)  1.587 

[(11)  (33)  141  163  185 

207J/105 

Zc  (0.1025)  (0.3075)  1.345  1.550  1.775  1.960 
Zc  (0.105)  (0.314)  1.343  1.553  1.762  1.972 

[(0)  14]/9;  Zc  (0)  1.554;  Zc  (0) 
1.555 

[(77)  (231)  (385)  3115  3269 
3423  3577  3731  3785J/2205 

Zc  (0)  1.501 

4034.489  |  «Sa  -  »P,  |  r  |  [(1)  (3)  7  9  11  131/5 

Zc  (0.1997)  (0.5991)  1.412  1.811  2.210  2.609 
Zc  (0.2)  (0.6)  1.4  1.8  2.2  2.6 

1038.074  I  ‘Si  -  "Pa  ft  )  [(2)  (6)  (10)  60  64  68  72 

761/35 

Zc  (0.251)  1.700  1  830  1.945  2.070  2.190 

Zc  (0.0571)  (0.1714)  (0.2860)  1.714  1.829  1.943  2.057  2.172 


10 

4041.366 

‘Dt  - 

‘D’t 

Ts 

5 

4035.730 

‘Di  - 

‘D’, 

Tp 

Mn24. — ( Continued ) 


Int. 


Terms 


Type 


10ft 


Mn  I. — ( Continued ) 

4030.760  |  ‘S>  -  ‘Pt  |  r  |  [(1) (3)  (5)  7  9  11  13  15  17]/7 

Zc  (0.142)  (0.426)  (0.710)  0.994  1.278  1.562  1.846  2.130  2.414 
Zc  (0.143)  (0.429)  (0.715)  1.000  1.287  1.573  1.862  2.145  2.434 
4018.108  I  ‘D,,  -  ‘D\  Tp  I  [(1)  (3)  (5)  (7)  91  93  95  97  99 

|  101  103  105J/63 

Z0  (0)  1.505 

3843.985  |  »Di  -  ‘Ft  |  r  |[1  (17)  331/15 
Zc  0.076  (1.135)  2.199;  Zc  0.067  (1.133)  2.20 

3841.081  |  ‘Di  -  ‘Ft  |  r  |  [(29)  51  (87)  109  167  2251/105 

Zc  (0.2794)  0.4831  (0.8316)  1.037  1.592  2.146 
Zc  (0.2762)  0.4857)  (0.8286)  1.038  1.590  2.143 

[4  (6)]/3;  Zc  1.337  (1.987)5  Z. 
1.333  (2.000) 

[(287)  (861)  (1435)  1645  2219 
2793  3367  3941  45151/2205 
Zc  (0.1297)  (0.3891)  (0.6485)  0.7393  0.9988  1.258  1.518 
Zc  (0.1302)  (0.3905)  (0.6508)  0.7460  1.006  1.276  1.527  1.787  2.047 
3833.864  |  ‘Di  -  ‘Fi  |  §§  |  [(6)  10  (18)  22  34J/15 

Zc  (0.398)  0.648  (1.194)  1.444  2.240 
Zc  (0.40)  0.666  (1.20)  1.466  2.266 
3829.674  |  ‘Di  -  ‘Fi  |  w  | 

Zc  0.605  (T262)  3.128;  Zc  0.600  (1.266) 

3823.896  I  * D ,  -  ‘Ft  I  r  | 


3839.777 

‘Dt 

-  ‘Ft 

It 

8 

3834.363 

‘Di 

-  ‘Ft 

** 

[9  (19)  471/15 
3.133 

[(6)  (18)  (30)  28  40  52  64 
I  I  I  761/35 

(0.173)  (0.520)  (0.866)  0.787  1.133  1.479  1.825  2.171 
(0.71)  (0.513)  (0.857)  0.798  1.142  1.486  1.830  2.174 


3823.515  ‘Dc  -  ‘Fi  r  [(53)  (159)  (265)  (371)  623 

729  835  941  1047  1153  1259 
13651/693 

Zc  (0.0764)  (0.229)  (0.382)  (0.535)  0.901  1.053  1.206  1.359  1.512  1.665 
Zc  (0.0766)  (0.229)  (0.382)  (0.535)  0.899  1.052  1.205  1.358  1.511  1.664 
1.817  1.970 


3809.599 


‘Dc  —  ‘Fc 


[(6)  (18)  (30)  (42)  58  70  82  94 
106  118  1301/63 

,  (0.1124)  (0.2990)  (0.4856)  (0.6722)  0.940  1.128  1.314  1.501  1.688 
1.874  2.061 

0.921  1.111  1.302  1.492  1.682 


[(6)  (18)  (30)  (42)  (54)  100 
112  124  136  148  160  172  184 
196]/99 

1.494 

[(1)  (3)  (5)  55  57  59  61  63 

65] /63 

1.769 

1  1.80  1.86 

[(1)  (3)  195  197  199  201]/105 


[(7)  29  43J/15 
2.866 

[(4)  (12)  24  32  40]/15 


((4)  (12)  (20)  46  54  62  70 

78]/35 


3607.530  ‘Pc  -  ‘Dc  Uli  |  [(4)  (12)  (20)  (28)  80  88  96 

104  112  120  1281/63 

Zc  (0.421)  1.308  1.429  1.550  1.671  1.792  1.913 

2.034 

Zc  (0.064)  (0.191)  (0.317)  (0.444)  1.270  1.397  1.523  1.651  1.778  1.904 
2.031 

3595.112  I  ‘Pi  -  ‘Di  I  r  |  [(13)  19  (39)  45  71  97J/35 
Zc  (0.3661)  0.538  (1.105)  1.276  2.015  2.754 
Zc  (0.371)  0.543  (1.113)  1.285  2.027  2.769 

3586.540  I  ‘Pi  —  ‘Di  r  I  ((329)  (987)  (1645)  1856  2513 

|  3171  3828  4485  51451/2205 

Zc  (0.145)  (0.435)  (0.725'  0.8495  1.139  1  429  1.719  2  009  2.299 
Zc  (0.149)  (0.447)  (0.745)  0.842  1  1 39  1.438  1.736  2.035  2.333 


3577.880 

Zc  (0.0768) 

1.770 

Zc  (0.0793) 

1.794 


«P4  -  ‘Dc  r  [(5)  (15)  (25)  (35)  63  73  83  93 

103  113  123  1331/63 

(0.3840)  (0.5376)  0.9977  1.151  1.304  1.458  1.620 


(0.2304) 

(0.238)  (0.397)  (0.555)  1.000 


1.159  1.317  1  476  1  635 


ZEEMAN  EFFECT:  Mn  AND  Mo 


4  ‘2.3 


10 


10 


Mn-i, — (C  onlinued) 


Int. 


y  u 


Terrua 


4 


Type 


-(Continued) 


Mn  7, 

2 SOI. 076  *Si  -  ‘Pi  [(1)  (3)  7  9  11  13] 

Zo  (0.199  (0.597)  1.395  1.793  2.191  2.589 
Zc  (0.2)  (0.6)  1.4  1.8  2.2  2.6 

Mn  II 

3497.540  |  ‘P,  -  ‘Di  |  r 

Z.  (0)  (0.332)  1.493  1.825  2.187 

Zc  (0.0)  (0.333)  1.5  1.833  2.166 

3495.840  i  H\  -  ‘Do  I  T 


!  [(0)  (2)  9  11  13]  6 


[(0)  51/2;  Z, 
2.5 

[(2)  3  5]/2 


(0)  2.498;  Zc  (0.0 


3488.618  |  ‘Pi  -  ‘Di  |  r 

Zo  (0.9987)  1.499  2.498;  Zc  (1.0)  1.6  2.5 
3482  918  -  ‘Dt  \  r  2  4  7  9  ll  i 

Zo  (0.3312)  (0.6624)  1.165  1.496  1.827  2.158 
Zc  (0.333)  (0.666)  1.166  1.50  1.833  2.167 

3400.832  |  ‘Pi  -  ‘D,  \  T  ;  |(0)  (2)  (4)  6  7  9  11  13]/6 

Z.  (0.0)  (0.329)  (0.658)  0.8294  1.159  1  488  1.817 
Zc  (0.0)  (0.333)  (0.666)  0.833  1.166  1.50  1.833  2.167 
3441.999  I  ‘Pi  -  ‘Di  j  ***  [(0)  (1)  (2)  (3)  6  7  8  9  10  11 

12]/6 

Zo  (0.0)  (0.1655)  (0.331)  (0.4965)  0.9992  1.165  1.330  1.496 
Zc  (0.0  (0.166  (0  132  (0.498)  1.00  1.166  1.3331.501.661.832.00 

2949.207  ‘Si  -  ‘P,  |  r  |  [(0)  (1)  (2)  3  4  5  6  7]/3 

Zo  (0  (0.336)  (0.672)  0.995  1.331  1.667  2.003 

Z,  (0.0)  (0.333  (0.667)  1.00  1.333  1.667  2.00  2.333 
2939.315  :  ‘Si  -  ‘Pi  |  ttt  |  [(1)  (2)  10  11  12  13]/6 

Zo  (0.331)  1.837  2.01 

Zc  (0.167)  (0.334)  1.667  1.833  2.00  2.167 
2933.066  ,  ‘Si  -‘Pi  |  r  |  [(0)  (1)  3  4  5]/2 

Zo  (0)  (0.501)  1.490  1.991  2.492 

Zc  (0.0)  (0.5)  1.5  2.0  2.5 

2605.695  j  7Si  -  'Pi  \  rd  |  [(0)  (1)  (2)  4  5  6  7  8]/3 
Zc  (0.0)  (0.347)  (0.694)  1.275  1.622  1.969  2.316 
Zc  (0.0)  (0.333)  (0.666)  1.333  1.667  2.00  2.33  2.67 


2593.734 


’8’,  -  ^P, 


ttt 


1(2)  (4)  (6)  17  19  21  23  25 

27J/12 

Zo  (0.495)  1.760  1.920 

Zc  (0.167)  (0.334)  (0.600)  1.417  1.584  1.750  1.916  2.083  2.250 
2576.116  7 8 j  -  'Pi  j  r  I  [(0)  (1)  (2)  (3)  4  5  6  7  8  9 

10]/ 4 

Zo  (0)  (0.248)  (0.496)  (0.744)  0.992  1.240  1.488  1.736 

Z,  (0.0)  (0.25)  (0.5)  (0.75)  1.0  1.25  1.50  1.75  2.0  2.25  2.5 


*  Very  asymmetric;  disturbed  by  preceding  line, 
t  Kesolution  is  complete  for  <r,  but  not  for  jr. 
t  The  r-  and  ^-components  coincide. 

§  Disturbed  by  following  line.  ]|  Disturbed  by  preceding  line. 

T  All  components  very  broad.  **  Partial  coincidence  with  following  line, 
tt  Very  asymmetric;  x-components  not  completely  resolved, 
tt  Possibly  disturbed.  §§  Partial  coincidence  with  preceding  line. 

Ill  Qualitatively  correct,  but  not  measurable. 

r‘  Only  the  <r-components  on  short-X  side  are  completely  resolved. 

***  x-components  completely  resolved;  a-components  are  disturbed  and  only 
partially  resolved. 

ttt  Not  completely  resolved  jit  Disturbed;  not  completely  resolved. 


Moc  (245);  Int.  (96);  X  (24S);  cf.  (112);  spoctrtil  structure  (39>  1 1  l» 

148,  245) 

Mo  I 

6030.65  ‘Pi  -  ‘Di  *  [(0)  (1)  (2)  (3)  6  7  8  9  10  11 

121/6 

Zc  1.0 

Z.  (0)  (0.167)  (0.333)  (0.500)  1.000  1.167  1.333  1.500  1.667  1.833  2.000 
4  5791.88  |  ‘P,  —  ‘D,  |  |  [(0)  1  (2)  3  51/2 

Z«  (0)  0.503  1.006  1 .509  2.515 
Zc  (0)  0.500  1.000  1.500  2.500 

4  5751.42  i  ‘P,  -  ‘Di  |  |  [(2)  (4)  7  9  11  13]/6 

Zc  (0.332)  (0.6641  1.163  1.494  1.826  2.159 
Z.  (0.333)  (0.667)  1  167  1.500  1.833  2.167 

3  5722  78  |  ‘P,  -  ‘Di  tr  |  [(0)  (1)  (2)  8  9  10  11  H]/6 

Z.  (0)  (0.17)  (0.34)  2.00 

Z,  (0)  (0.167)  (0.333)  1.333  1.500  1.667  1.833  2.000 

4  5689.22  |  »P,  -  *Di  |  |  ((2)  3  51/2 

Z.  (0.990)  1.485  2.475;  Z,  (1.000)  1.500  2.500 

4  8880.15  V|-‘Bi  |  1(0)  (2)  9  11  131/6 

Z.  (0)  (0.334)  1.605  1.838  2.173 
Z,  (0)  (0  333)  1.600  1.833  2.167 

4  5632.48  ‘Pi  -  ‘D,  I  [(0)  51/2;  Z.  (0)  2.51;  Z.  (0) 

!  2.50 

6  5570.57  ‘St  -  ‘Pi  |  ](0)  (1)  3  4  51/2 

Z.  -  Z.  -  (0 >  (0.5001  1.500  2.000  2.500 


Mo<2. — (Coiilin  ucd 


Int. 


Terms 


4 


Tyjs 


3 


Mo  /. —  ( Continued ) 

5533.06  »8|  —  ‘P,  j  [(1)  (2  10  11  12  13]  6 

Zc  (0.168)  (0.334  1  670  1.838  2.006  2  17.3 
Zc  (0.167)  (0.333  1.667  1.833  2.000  2.167 
5506.54  ‘St  -  ‘P,  |  [(0)  (1)  (2!  3  I  5  6  7] 

Z.  -  Z.  -  (0)  (0.333)  (0.667)  1.000  1  333  1.667  2  . 12 

(662.94  »K  -  ‘D,  |  t  1(0)  1 2  (4  8  7  9  11  13  6 

Zo  (0)  (0.324)  0.660  0.809  1.136  1.455  1.780  2.111 
Zc  (0)  (0.333)  (0.667)  0.833  1.167  1.500  1.833  2  167 
4626.65  |  ‘P'l  -  ‘Di  j  J  [(0)  (1)  (2)  (3)  6  7  8  9  10  11 


12]  6 


|  1(2)  3  51/2 


Z„  (0  (0.163)  (0.327)  (0.4881  0.975 

Zc  (0)  (0.167)  (0.3.331  (0.500)  1.000  1.167  1.333  1  500  1.667  1.883  2.000 
4595.32 
Zo  =  Zc 
4576.67 

Zc  =  Zc 

4558.29 
4524.50 


I  'P\  -  •£>.  | 

(1.00)  1.50  2.50 
|  ‘P'l  -  ‘Di  I  I  |(2 1  (4:  7  9  11  13]  6 

(0.333)  (0.667)  1.167  1.500  1.833  2.167 

‘ P[  -  ‘Do  I  I  |(0)  5|/2;  Zc  -  Zc  -  (0)  2.500 


12]/6 


‘P'i  -  ‘Di  |  |  (1)  (2)  (3)  7  8  9  10  11 

Zo  (0.166)  (0.332)  (0.498)  1.163  1.327  1.493  1.660  1.824  1.990 

Zc  (0.107)  (0.334)  (0.500)  1.167  1.333  1.500  1.667  1.833  2  000 

4485.15  Zc  (0)  (0.478)  (0.957)  (1.435)  0  0.478  0.957  1.435  1.914 
2.392 

4472.20  Zo  (0)  0.996 

4391.70  Zo  (0)  (2.06)  1.03  3.09  5.15 

4381.85  Zo§  (0.372)  (0.651)  (0.929)  (1.207)  1.485  1.763  2.041  2.319 
4380.49  ‘Di  -  ‘Fi  I  I  [(3)  (6)  (9)  (12 1  18  21  24  27  34 

I  33  36  39J/20 

Zc  0.6  1.4 

Zc  (0.15)  (0.30)  (0.45)  (0.60)  0.90  1.05  1.20  1.35  1.50  1.65  1.80  1.95 
4369.25  |  ‘D,  -  ‘F,  |  |  ](1)  (2)  (8)  3  4  6  6  7  8]/4 

Zc  (0.243)  (0.485)  (0.730)  0.730  0.970  1.214  1.455  1.700  1.940 
Zc  (0.250)  (0.500)  (0.750)  0.750  1.000  1.250  1.500  1.750  2.000 
4350.52  |  ‘Di  -  ‘Fi  \  |  [(1)  (2)  (3)  1  2  3  4]/2 

Zc  (0.500)  (0.999)  0.500  0.999  1.499  1.998 
Zc  (0.500)  (1.000)  0.500  1.000  1.500  2.000 


4341.58 
4326.90 
Zc  (1.503) 
4326.29 
4296.34 
4294.03 
4293.42 


Z„  (0)  0.797 

‘Di  —  ‘Fi  |  |(3)  0  3]/2 

0  1.503;  Z«  (1.500)  0  1.503 
Zc  (0)  (0.343)  (0.686)  0  0.343  0.686  1.029  1.372 
Zc  (0)  1.051 

‘Do  -  ‘Fi  \  |(0)  0);  Z.  =  Zc  -  (0)  0 

‘Di  -  ‘Ft  [(0)  (1)  (2)  3  4  5  6  7]/4 


Zc  (0)  (0.252)  (0.504)  0.756  1.008  1.260  1.512  1.764 
Z,  (0)  (0.250)  (0.500  )  0.750  1.000  1.250  1.500  1.750 


4292.37 
Zo  —  Zc 


‘Di  -  ‘F i 


(0  (0.500  )  0.500  1.000  1  500 


]  [(0)  (1)12  3]/2 


2 

4291.40 

Z„  (0)  1.171 

2 

4289.58 

Z„  (0)  1.065 

3 

4288.82 

‘Di  -  ‘Ft 

a 

Zo  (0)  0.9 

Z«  (0)  (0.15)  (0.30)  (0.45)  0.90  1.05 
4277.49  I  ‘Di  -  ‘Ft 


1(0)  (3)  (6)  (9)  18  21  24  27  30 
33  36J/20 


1.20  1.35  1.50  1.65  1.80 

I  [(0)  (1)  (2)  (3)  (4)  10  11  12  13 
|  14  15  16  17  18J/10 


Z.  1.0 

Zc  (0)  (0.1)  (0.2)  (0.3)  (0.4)  1.0  1.1  1.2  13  11  1.5  1.6  1.7  1.8 


2 

4269.47 

Zo  (0)  1.200 

4255.10 

Zo  (0)  1.133 

3 

4232.82 

Z„  (0)  1.09 

3 

4120.29 

Zo  (0)  1.176 

2 

4105.24 

Z.  0  1.02 

10 

3903.11 

7S,  -  'P, 

Zo  -  Z.  - 

(0)  (0.333)  (0.667) 

2 

3901.93 

‘Di  -  ‘O', 

2 

3886.98 

‘Di  -  ‘Dj 

2 

3869.23 

‘Dt  -  ‘D’i 

10 

3864.30 

'St  -  'P, 

3851  54 

‘Di  -  ‘Do 

3 

3833.88 

‘Dt  -  ‘D[ 

3 

3829.02 

‘Di  -  ‘D'i 

2 

3826.85 

•Dt  -  ‘D, 

1 

3825.50 

Z.  (0)  0.756 

2 

3823.13 

‘Di  -  ‘D’i 

10 

3798.41 

7 S ,  -  'P, 

1(0) 


8 1/3 


tt 


(1)  (2 )  4  5  6 
7  2.000  2.333  2.667 
((0)  3]  2;  Z.  (0)  1  498 
1(0)  3|,  2;  Z.  (0)  1  507 
((0)  3|/2;  Zo  (0)  1.500 
((1)  (2)  (8)  21  22  23  24  25 

261/12 

Z.  (0) 

Z.  (0) 

Z.  (0) 

Z.  (0) 


1(0)  3] 
[(0)  31 
10)  3] 
](0  3] 


1.460 

1.497 

1.498 

1.499 


Z.  (0)  (0.248) 
2  170 

Z.  (0)  (0.250) 
2.500 


[(0)  31/"? :  Z.  (0)  1.515 
((0)  (1)  (2  3)  4  5  0  7  8  9 

101/4 

(0  495)  (0  743)  0.990  1  238  1.485  1.733  1  9SO  2  203 
(0.500)  (0.750)  1.000  1  250  1.500  1.750  2  000  2.25“ 


4 

nt. 

o 

1 

1 

3 

3 

2 

2 

2 

2 

1 

2 

4§ 

10 

2 

10 

10 

2 

2 

2 

6 

5 

15 

fi 

5 

3 

6 

8 

10 

15 

3 

4 

4 

8 


INTERNATIONAL  CRITICAL  TABLES 


Mo(!. — ( Continued ) 

Mo(2. — ( Continued ) 

x 

Terms 

4 

Type 

Int. 

* 

Terms 

4 

Type 

Mo  I. — ( Continued ) 

Mo  IT. — ( Continued ) 

3797.42 

Wo  -  W[ 

[(0)  3]/2;  Zo  (0)  1.498 

3 

3591.84 

Zo  (0)  0.618 

3781 .78 

Wi  -  W[ 

[(0)  31/2;  Zo  (0)  1.464 

2 

3528.04 

Zo  (0)  1.096 

3770.60 

•-Do  -  Wz 

|(0)  31/2;  Zo  (G)  1.501 

2 

3346.35 

Zo  (0)  1.462 

3763.50 

‘D3  -  ‘D, 

1(0)  3J/2;  Zo  (0)  1.490 

2 

3287.35 

Zo  (0.696)  2.087 

3728.41 

Zo  (0)  1.222 

3 

3254.83 

Zo  (1.33)  1.133 

3717.04 

Zo  (0)  1.060 

3 

2965.40 

*Di  —  *F  3 

[(43)  (129)  (215)  285  371  457 

3695.14 

Zo  (0)  (0.266)  (0.5 

32)  0.055 

0.321  0.587  0.853  1.119 

543  629  7151/315 

3(580.81 

Zo  (0.963)  1.360  1 

508  1.775 

1.985  2.194 

Zo  (0.13S)  (0.410)  (0.683)  . 

2.270 

3677.64 

Zo  (0)  1.570 

Zc  (0.136)  (0.410)  (0.683)  0.905  1.178  1.451  1.724  1.997  2.270 

3640.78 

Zo  (0)  1.161 

4 

2963.92 

6D  3  —  *F  2 

[(31)  (93)  81  143  205 

3626.36 

Zo  (0)  1.500 

267]  105 

3612.61 

Zo  (0)  1.216 

Zo  (0.296)  (0.890)  0.775  1.368 

1  962  2.561 

3571.41 

Zo  (0)  1.134 

Zc  (0.295)  (0.886)  0.771  1.362 

1.954  2.543 

3475.19 

Zo  (1.116)  1.116  2 

232 

5 

2934.41 

Wi  -  ‘F i 

[(6)  4  ]/3 ;  Zo  =  Z.  (2.000) 

3447.29 

W,  -  ‘Ft 

1(0)  (1)  (2)  (3)  (4)  10  11  12  13 

1.333 

14  15  16  17  18J/10 

4 

2930.60 

Wi  -  ‘Ft 

[(6)  (18)  10  22  34J/15 

Zo 

0.9 

Zo  (0.398)  (1.196)  0.664  1.461  2.258 

Zc  (0)  (0.1) 

(0.2)  (0.3)  (0.4)  1.0  1.1  1.2 

1.3  1.4  1.5  1.6  1.7  1.8 

Zc  (0.400)  (1.200)  0.667  1.468  2.267 

3443.42 

Zo  (0)  1.500 

12 

2923.50 

Wz  -  « Fz 

[(6)  (18)  (30)  28  40  52  64 

3438.97 

Zo  (0)  0.776 

761/35 

3422.47 

Zo  (0)  1.512 

Zo  (  .  .  . 

)  0.803  1.147  1.490  1.835  2.179 

3404.50 

Wz  -  ‘Fz 

[(1)  (2)  (3)  3  4  5  6  7  81/4 

Zo  (  .  .  . 

)  0.800  1.143  1.486  1.828  2.171 

Ze  (0.263)  (0.526)  (0.789)  0.789  1.060  1.322  1.590 

10 

2912.02 

W,  -  ‘Fi 

[(6)  (IS)  (30)  (42  58  70  82  94 

Zc  (0.250)  (0.500)  (0.750)  0.750  1.000  1.250  1.500  1.750  2.000 

106  118  1301/63 

3384.80 

bDz  —  bF  4 

[(0)  (3)  (6)  (9)  18  21  24  27  30 

2  Bo  =  4. 

17,  2 Be  =  4.127 

33  361/20 

8 

2909.20 

W\  -  ‘Ft 

[(17)  -1  331/15 

Zo 

0.8 

Zo  (1.133)  0.000  2.200;  Zc  (1.133)  -0.066  2.200 

3382.66 

Zo(0)  1.468 

2896.22 

Wz  -  ‘Ft 

[(5)  (15)  (25)  (35)  (45)  99  109 

3363.98 

Wo.  -  Wz 

[(0)  (1)  (2)  1  2  3  4  5]/2 

119  129  139J/99 

Zo  (0)  (0.502)  (1.005)  0.502  1.00.5  1.507 

2.010  2.501 

2 So  =  1.96,  2/e  =  2.00 

Ze  (0)  (0.500)  (1.000)  0.500  1.000  1.500  2.000  2.500 

5 

2S94.52 

• Di  -  ‘Ft 

6  I'  10  12  54  100 

3358.26 

Wo.  -  ‘F3 

tt 

[(0)  (1)  (2)  3  4  5  6  7]/4 

112  124  135  148  160 - ]/99 

Zo  (0)  (0.243)  (0.487)  0.725  0.965  1.215 

1.458  1.700 

2 Bo  =  3.96,  2 Be  =  4.2 

Zc  (0)  (0.2c 

0)  (0.500)  0.750  1.000  1.250 

1.500  1.750 

4 

2891.10 

Wz  -  ‘Fz 

[(29)  (87)  51  109  167  225],  105 

3347.17 

Wo  -  ‘Fi 

Zo  =  Zc  (0)  0 

Zo  (0.275)  (0.825)  0.483  1.033 

1.583  2.132 

3344.90 

W\  -  Wo 

1(0)  (1)  1  2  31/2 

Zc  (0.276)  (0.829)  0.486  1.038 

1.590  2.143 

Zo  (0)  (0.503)  0.503  1.006  1.509 

10 

2871.61 

•Dz  -  ‘Ft 

[(41)  (123)  (185)  235  317  399 

Zc  (0)  (0.500)  0.500  1.000  1.500 

481  563  6451/315 

3194.11 

■S3  - 

[(0)  (1)  (2)  4  5  6  7  8]/3 

2/o  =  1.54,  2 fc  =  1.49 

Zo  (0)  (0.32 

7)  (0.647)  1.302  1.615  1.940 

2.271  2.591 

12 

2848.30 

*Da  —  *Fs 

[(53)  (159  265  171)  623 

Zc  (0:  (0.333)  (0.667)  1.333  1.667  2.000  2.333  2.667 

729  835  941-1/693 

3132.70 

7.s3  -  -p\ 

((0)  (1)  (2)  (3)  4  5  6  7  8  9 

2/o  =  1.70,  2/c  =  1.798 

10]/4 

3 

2729.71 

‘Pi  -  Wz 

[(13)  (39)  19  15  71  ''7  36 

Zo  (0)  (0.2 

52)  (0.505)  (0.758)  1.010  1.263  1.515  1.768  2.020  2.247 

Zo  (0.369)  1.108  0.539  1.277  2.014  2.751 

2.525 

Zc  (0.371) 

1.115  0.543  1.286  2.028  2.771 

Ze  (0)  (0.2 

50)  (0.500)  (0.750)  1.000  1 

.250  1.500  1.750  2.000  2.250 

10 

2701.49 

‘Pz  -  ‘Dz 

[(4)  (12  21  32  401/15 

2.500 

Zo  (0.267)  (0.799)  1.698  2.131 

2.664 

Mo 

IT 

Zc  (0.267)  (0.800)  1.600  2.133 

2.667 

4433.70 

•Pi  -  Wo 

[(11)  7  29J/15 

8 

2683.30 

‘Pt  -  ‘D  i 

[(7)  29  43J/15 

Zo  (0.730)  0.464  1.929  \  Zc  (0.733)  0.466 

1.933 

Zo  (0.468)  1.938  2.873;  Zc  (0.467)  1.933 

2.867 

4377.92 

•P i  -  Wi 

[(4)  4]/3 

10 

2660.69 

Wz  -  ‘D, 

1(1)  (3)  (5)  (7)  91  93  95  97  99 

Zo  (2.672)  2.672;  Zc  (2.666)  2.666 

101  103  105J/63 

4363.10 

Zo  (0.283)  (0.749)  0.433  0.999  1.565  2.131 

2 fo  =  2.85,  2/e  =  2.88 

4328.19 

Zo  (0.135)  (0.406) 

0.677  0.948  1.219  1.390 

7 

2653.47 

Wt  —  ‘D3 

[(11)  (33)  (55)  445  489  511 

4279.20 

•P2  -  Wo. 

[(4)  (12)  14  22  30J/15 

533  555J/315 

Zo  (0.27O)  (0.806)  0.942  1.480  2.022 

2/,  =  2.S6,  2/e  =  2.825 

Zc  (0.267)  (0.799)  0.933  1.465  2.000 

8 

2646.57 

‘Dz  -  ‘Di 

[(11)  33  141  163  185  207J/105 

4250.85 

Zo  (0.171)  (0.514)  (0.856)  0.514  0.856  1.199  1.541  1.883 

2/,  =  2.72,  2/e  =  2.68 

4227.23 

•Pi  -  *Di 

1(13)  13  39J/15 

7 

2636.74 

‘Di  -  ‘D[ 

[(11)  17  39]/15 

Zo  (0.885)  0.885  2.655;  Zc  (0.S66)  0.866  2.600 

Zo  (0.734)  1.135  2.604;  Ze  (0.7 

33)  1.133 

2.600 

4147.02 

Zo  (0.20)  0.93  1.33 

3 

2619.40 

‘D  i  -  W[ 

[(0)  10J/3;  Zo  =  Z.  -  (0) 

4125.80 

Zo  (0)  1.159 

(0.333) 

4122.52 

Zo  (0)  0.716 

TtB 

5 

2602.92 

‘Di  -  ‘D'i 

[(11)  17  391/15 

41 19.78 

Zo  (0.169)  (0.506)  (0.843)  0.506  0.843  1.180 

Zo  0.737  1.139  2.612;  Zc  0.733  1.133  2.600 

3961.61 

Zo  (0.099)  (0.297)  (0.495)  0.829 

4 

2593.82  | 

‘Dz  -  ‘Dz 

[(11)  33  141  163  185  2071/105 

3786.52 

Zo  (0.495)  1.155  1 

2/„  =  2.64,  2/c  =  2.68 

3755.63 

Zo  (0.108)  (0.323)  (0.538)  0.753  0.96S  1.183  1.398  1.613 

6 

2586.01 

‘Dt  -  ‘Dt 

[(1)  (3)  (5)  (7)  91  93  95  97  99 

3744.55 

Zo  (0)  0.986 

101  103J/63 

3742.49 

Wi  -  Wo. 

1  [(2)  (6)  0  4  8]/S 

2/0  =  2.6,  2/e  =  2.88 

Z,  (0.396)  1.888  0  0.792  1.584 

*  Number  (21)  of  components  is  correct,  but  components  are  not  measurable. 

Zc  (0.4,00)  1.200  0  0.800  1.600 

t  Measured  components  on  one  side,  others  obscured  by  X  =  4662.11. 

3702.72 

•Di  -  <F3 

1(1)  1  3]/5 

X  Resolution  of  ^-components  is  visible,  but  not  measurable. 

Zo  (0.204)  0.204  0.612;  Zo  (0.200)  0.200 

0.600 

$  All  x 

-components  of  same  intensity 

Type  is 

extraordinarily  asymmetric. 

3692.82 

2 /.  =  1.58 

TPB 

||  Components  resolved,  but  not  measurable. 

3688.49 

Zo  (0)  1.263 

To 

T  Pseudo-type  with  narrow  components. 

3670.87 

Zo  (0.150)  0.150  0.300 

**  Not  resolved,  but  type  is  qualitatively  correct,  tt  Obscured. 

3658.41 

Zo  1.227 

tt  Asymmetrically  distorted;  not  completely  resolved.  From  (•<). 

3652.61 

Zo  (0)  1.171 

III!  The 

inner  a-components  are  too  weak. 

3651.30 

Zo  l":  (0.108)  (0.325)  (0.5-11) 

.  .  .  1.793 

HU  Only  the  ^-components  are  resolved. 

ZEEMAN  EFFECT:  Mo  TO  Ft 


4  2  a 


Neio  ( 1 4  ;  Int.  and  X  (* 8 1  >  1 82  ;  Terms  101  ;  let  tors  in  column 
(4)  indicate  the  ground  type:  type  a:  jr  >  jy,  gx  <  gyt  + 

'  0  1  3  4  f>|  2;  type  b:  j,  >  jt,  g,  >  gt,  t  [(0)  1  3  4  6]  2;  type  c: 
U  =  it,  Qx  ^  ffi/.  ±  (1  2  3  4  6  61  type  d:  jz  or  0,  gx  =  gy, 
±  1(0)  41/2. 


Int. 

X  |  Terms 

1  4 

Type 

Ne  I 

10 

7245.165  |  *Pi  -  >.Si 

1  <= 

,  1(8)  22  30]  15 

Z.  (0515)  1.454  1.979:  Ze  (0.533)  1  467 

2.000 

10 

7032.410  |  >Pi  -  'Si  |  a 

Zo  (0)  (0.488)  1.013  1.5006  1.988 

Ze  (0)  (0.500)  1.000  1.500  2.000 

0  l)13  4|/2 

10 

6929.465  |  'Pi  -  *P»  |  b 

Zo  (0)  (0.1933'  1  026  1.224  1.423 

Ze  (0)  (0.200)  1.033  1.233  1.433 

1(0)  (6)  31  37  43]  30 

2 

6717.042  |  'Pi  -  ’D i 

1  e 

[  ((1)  30  31J/30 

Zo  (0  0442)  0.900s  1.035;  a*s  not  completely  resolved 

Zc  (0.0333)  1.000  1.033 

0 

6678.275  |  'Pi  —  ’/>,  |  b 

Zo  (0)  (0.260)  1  035  1  297  1.559 

Ze  (0)  (0.2667)  1.033  1.300  1.567 

1(0)  (8)  31  39  47130 

15 

6598.953  |  'Pi  -  >Pi 

[(9)  31  40J/30 

Zo  (0.2996)  1.0343  1  335;  Ze  (0.300)  1.033  1.333 

6 

6532. K81  ,  *F0  -  'P i 

d 

[(0)  2|  3;  Ze  (0)  0.6639;  Ze  (0) 
0.667 

15 

6506.527  «Pi  -  ' D>  \  a 

/  0  0.3289  0.8064  l  137  :  168 

Ze  (0)  (0.333)  0.800  1.133  1.467 

[(0)  (5)  12  17  22]/ 1 5 

20 

6402.246  |  »P s  -  *Di 

° 

[(0)  (1)  (2)  6  7  8  9  10]  6 

Z.  01  (0.1643  (0.3286)  0.9951  1.164  1.334  1  503  1.672 

Ze  (0)  (0.1667)  (0.333)  1.000 

1.1667  1.333  1.500  1.667 

12 

6382.991  |  *Pi  -  'Pi 

c 

(10  12)  22]  15 

Ze  0  6689  (0.7875)  1.469;  Ze  0.667  (0.800)  1.467 

10 

6334.428  |  ‘Pt  -  ' Dt 

c 

[(111  (22 .  23  34  «5  56]/30 

Z  (0.3670)  (0.7340  0.7723  1. 

139  1.497 

1.845 

Ze  (0.367)  (0.733  )  0.767  1.133  1.500  1.867 

6 

6304.789  |  >P,  -  ‘Pt 

Zo  (0)  (0.2272)  0.9964  1.235  1 
Ze  (0)  (0.233)  1.000  1.233  1 

a  1  [(0)  (7)  30  37  44]/30 

473 

467 

15 

6266.495  *Po  -  >Di 

d 

[(0)  1]  1;  Z«(0)  0.9937;  Ze  (0) 
1.00 

15 

6217.279  |  ‘Pt  -  'Pi  b 

Zo  (O'  0.6680  (0.8228)  1.4985  2.329 

Z«  (0)  0.667  (0.833)  1.500  2.333 

[(0)  4  (5)  9  14|/6 

12 

6163.594  ‘P o  -  ‘Pi 

[(0)  4[/3;  Ze  (0)  1.339;  Z.  (0) 
1.333 

12 

6143.061  ‘Pt  -  ‘Pt 

c 

[(St  16)  29  37  45  53]  30 

Z,  (0.2718  (0.5436  0.9646  1.233  1.499 

1.768 

Z,  (0.2667)  (0.5333)  0.9667  1.233  1.500 

1.767 

6128.457  |  »Pi  -  ‘Di 

c  \  [(7)  15  22|/15 

Zo  (0.4730)  0.9860  1.455;  Z.  (0.4667)  1.000  1.467 

8 

6096.162  I  * Pi  -  ‘Dt 

a  [(0)  (5)  34  39  44J/30 

Z  (01  (0.1650  1.133  1.303  1  474 

Z.  (0)  (0.1667)  1.133  1.300  1.467 

10 

6074.337  |  ‘Pi  -  'So 

d 

((0)  22]/15;  Ze  (0)  1,465;  Z. 

(0)  1.467 

10 

6029.999  |  ‘Pi  -  ‘Pi 

c 

[(2)  20  22]/15 

Zo  (0.1240)  1.333  1.470;  Z.  (0.133)  1.333  1.467 

12 

5975.534  |  ‘Pt  -  »Di  |  6 

Zo  CO)  (0.4902)  1.025  1.516  2.007 

Ze  (0)  (0.500)  1.000  1.500  2.000 

[(0)  (1)2  3  4]/2 

10 

594  4.831  |  ‘Pt  -  ‘Dt 

« 

[(2)  (4  1  1  13  15  17]  10 

7.  0.204)  0.409  1  101  1.304 

1.506  1.708 

Ze  (0.200)  (0.400)  1.100  1.300  1.500  1.700 

20 

5881  896  |  ‘Pt  -  M»i  |  ((O'  (1  8  9  10  6 

7.  0  (0.1533)  1.349  1.505  1.662 

Z.  (0)  (0  1667)  1  333  1.500  1  667 

50 

5852.487  'Pt  -  »P. 

d 

[(0)  311/30;  Z.  (0)  1.034;  Z, 
(0)  1  033 

4 

3 


4 


Pb.,?  (IS);  spectral  structure  (81>  82) 

Pb  / 


5C05.45 


Ipl.s,  -  3*'Pi 


[(0)  17J/15;  Z.  (0)  1.112; 
(0)  1.133 

111  (13’  24  <26  37  501/30 


Z. 


416804  2p'Dt  -  3 d'Dt 
Z.  0.387  (0.42S  0.796  0  866  1  234  1  050 
Z.  0.307  (0  4331  0.800  (0  866)  1.233  1.607 
4063  15  2;.'/>:  -  U>Di  I  1(0)  (1)  26  37  481/30 

Z.  (0)  (0  366  )  0.865  1.232  1.697 
Z,  (0)  (0.367  )  0  867  1  233  1  600 


Pb...  —  Conli  n  ut  d 


Int 


3 

4 

4 

4 

4 

4 

5 
10 
15 

5 


Terms 


Type  _ 

18  10  20]  15 


Pb  /. — (Cuntinuni ) 

4057  92  |  2 p‘Pt  -  2»‘Pi  ] 

Z.  (0  (0.075)  1.194  ,>,t 

Z.  (0)  (0  067)  1.200  1.267  1.333 
4019.62  |  2 p'D,  -  3 d‘F,  ,\,t 

Z.  (0)  (0  102)  0.202  0.913  1.015 
Ze  (0)  (0.117)  0.233  0.883  1  0<H)  1.117  1.233  1.350 
3740.00  |  2p'£>,  -  3**Pj  |  |  [(8)  (16  >  29  37  45  53]  30 

Ze  (0  269)  (0.538)  0.957  1.225  1.490  1  752 
Ze  (0.267)  (0.533)  0.967  1.233  1.500  1.767 


I  1(0)  (1) 

|  1(01(7)14  53  60  67  74  81]  60 


3683.47 


2p‘Pi  -  2s‘P, 


At* 


1(0)  3]  2 ;  Z.  (0)  1  491;  Z,  (0) 
1.500 

((0)  (3  34  37  40]  30 


|  |(0)  (2)  35  37  391/30 

|  [(1 )  8  9]/6 
0 

40 1  30 


3671.56  2p>Dj  -  3»’Pi 
Z.  (0)  (O.O661  1.149  1.255 
Z.  (0)  (0.100)  r .  1 33  1.233  1.333 

Better 

Ze  (0)  (0.067)  1.167  1.233  1.300 

3639.57  |  2p‘Pi  -  2«>Pi  | 

Zo  (0.166)  1.336  1.502;  Ze  (0.167)  1.333  1.500 

3572.77  |  2 p‘D,  -  3«'Pi  |  |  |(0i  (3)  34  3 

Ze  (0)  (0.113)  1.142  1.239  1.337 
Ze  (0)  (0.100)  1.133  1.233  1.333  ,\,t 

2873.29  |  2p'Pj  -  3d‘Dt  |  j  [(7)  (14)  5  12  19  26]/15 

Zo  (0.477)  (0.953)  0.316  0.796  1.269  1.748 
Ze  (0.467)  (0.934)  0.333  0.800  1.267  1.734 

2833.06  2p‘P,  -  2s'Pi  5  [(0)  4]/3;  Zo  (0>  1.340;  Z«  (0) 

1.333 

2823.20  2p‘Pt  -  3d‘Ft  7>-  [(0)  (1)  (2)  74  75  76  771/6(1 

Ze  (0)  1.260 

Ze  (0)  (0.017)  (0.034)  1.233  1.250  1.267  1.284 
2802.01  2p»P,  -  3d‘F,  s.  r  [(0)  (9)  (18)  49  58  67  76 

851/60 

Ze  (0  (0.155)  (0.310  0.808  0.962  1.116  1.271 
Ze  (0)  (0.150)  (0.300)  0.817  0.967  1.117  1.267  1.417 
2663.17  j  2p‘Pt  —  3»*Pi  i  |  ](7)  (14)  31  38  45  52J/60 

Ze  (0.221)  (0.442  1.039  1.2S6  1.493  1.719 
Ze  (0.233)  (0.466)  1.033  1.267  1.500  1.733 

2614.20  |  2 p»P,  -  3 d‘Ft  !  J  |  [(0)  (1)  4  5  6|/4 

Ze  (0)  (0.249  0.995  1  246  1.499 

Ze  (0)  (0.250)  1.000  1.2.50  1.500 

2613.68  2p>Pi  -  3 dWi  \  «[  '  1(19)  26  45’  30 

Z„  (0.632)  0.793  1.507;  Ze  (0.633)  0.864  1.500 
2577.28  |  2p»P,  -  3»'Pi  |  |  ((0)  (2)  17  19  21]  15 

Ze  (0  (0.147)  1.135  1.270  1.420 
Ze  (0)  (0.133)  1.131  1.267  1.400 


2476.39 


2p‘Pi  -  3««P, 


|(0i  3]  2;  Z..  (0  1.506;  Ze  (0) 
1.500 

|(1  ’  8  9)  6 


2446.20  2p>P,  -  3.«>Pi 

Z.  (0.188)  1.307  1.495;  Ze  (0.167)  1.333  1.500 
(Better)  Ze  (0.200)  1.300  1.500  |(2)  13  151  10 

2443.84  2p*Pi  —  3.»'Po  |(0)  3]  2 ;  Z.  (0)  1 .505;  Z.  (01 

1.500 

2401.94  2p’Pi  -  3*'Pi  |(I1)  34  45]  30 

Zo  0.378  1.126  1.505;  Ze  0.387  1.133  1.500 
2393.80  |  |  ••  | 

Pb  II  Int.  («°) 

6660.05  |(2)  4J/3 ;  Ze  (0.669)  1  340; 

Z,  (0  667)  1.333 

5608.90  [(l)3  5|/3 

Z„  (0.336)  0.988  I  656;  (0.333  1  ihk)  1.667 

2203.41  |  |  |  [(l)3  5]/3 

Ze  (0.324)  1.004  1.682;  Z,  (0  333  1.000  1.667 


•  Deviation  2 

t  Distance  of  components;  the  unit  is  <  -’normal  resolution. 
X  Distorted,  but  completely  resolved 
5  Reversed  in  Pb-arc,  sharp  in  Sn-arc. 

|)  Distorted  by  X  ■■  2613.68. 

‘ 

on  4062  and  3630,  and  accords  with  distorted  t vp«  of  2613. 

**  Not  resolved ;  type  *  "ti-idcred  similar  to  that  of  2802. 


Pt : s  I97);  Int. 


6 

6 

4 

2 


5478  50 
5475.78 
.5390  80 
5387.88 


(108);  Terms  (97i  ,39>  tenns  in  (  )  are 

uncertain 

Pt  I 

Z.  (0)  133 

]  Z.  (0  32)  1.26 
Z  (0)  138 

i  Z.  (0.45)  0.88 


INTERNATIONAL  CRITICAL  TABLES 


420 


Pt;$. — (Continued) 


Pt7g. — (Continued) 


Int. 

X 

Terms  |  4 

Type 

Int. 

X 

Terms 

4 

Type 

Pt  /. — ( Continued ) 

Pt  I. —  ( Continued ) 

4 

5368.99 

•Ft  -  (Ft)  1 

Ht  =  0.92,  tiv  =  1.19 

4309.18 

Zo  (0)  1.51 

Z„  (0)  (0.2/ 

)  (0.55) 

.73 

4304.91 

Zo  (0)  1.10 

Ze  (0)  (0.2/ 

)  (0.54)  0.65  0.92 

.19  1.46  1.73 

2 

4290.97 

Zo  (0)  1.10 

5328.60 

Zo  (0)  1.03 

4 

4288.08 

•Ft  -  (Ft) 

|  at  =  0.92,*  Vo  =  0.82 

0 

5324.59 

•Pi  -  (DO 

Zo  10)  1.51 

Zo  (0.23)  0.90 

0 

5319.34 

Zo  (0)  1.05 

Zo  (0.10)  (0.20)  0.72  0.82  0.92 

1.02 

6 

5301.02 

Z„  (0)  1.15 

i 

4281.78 

3 Pt  -  (DO 

|  gt  =  1.20,*  Bo  -  M3* 

3 

5260.86 

'Gt  -  (F3) 

Zo  (0)  0.81 

Z„  (0) 

1.21 

0 

5257.48 

Z„  (0)  1.29 

Z o  (0)  (0.07)  1.13  1.20  1.27 

0 

5227.66 

1 Pt  -  (Dt) 

Ux  =  1.19,*  uv  =  1.37* 

2 

4269.25 

Zo  (0)  1.03 

Zo  (0.36) 

1.29 

2 

4263.53 

Zo  (0)  1.04 

Ze  (0.18)  (0.36)  1.01  1.19  1.37 

1.55 

4259.97 

Zo  (0)  1.57 

5199.26 

Z„  (0)  (1.05) 

1 

4251.16 

Zo  (0)  0.88 

1 

5193.91 

Zo  (0)  (1.03) 

2 

4201.14 

Zo  (0)  1.06 

5130.91 

(•DO  -  (Ft) 

Bx  =  0.50,  Vo  =  0 

4 

4192.43 

•Pt  —  (DO 

at  =  1.20,*  gv  =  1.17* 

/jo  —  ZC  (0/ 

0.50 

Zo  (0) 

1.16 

1 

5118.44 

1 Dt  -  (iit) 

Z„  (0)  1.00 

Ze  (0.03)  (0.06)  1.14  1.17  1.20 

1.23 

5108.45 

Zo  (0)  1.10 

4 

4164.54 

•Ft  -  (FO 

|  at  =  1.04,*  Bo  =  1.19* 

0  d 

5095.82 

Z„  (0)  1.08 

Zo 

(0.36) 

0.92 

1.41 

5082.35 

Zo  (0)  1.12 

Zo  (0.15)  (0.30)  (0.45)  0.74  0.89  1.04  1.19  1.34  1.49 

5 

5059.50 

Z„  (0)  1.24 

5 

4118.69 

Zo  (0)  (0.60)  1.42  1.67 

4 

5033.54 

Zo  (0)  1.15 

1 

4081.48 

Zo  (0)  1.29 

2 

5002.65 

Z„  (0)  1.34 

2 

4065.94 

Zo  (0.37)  1.25 

2 

4997.98 

Z„  (0)  0.95 

2 

4054.78 

Z„  (0)  1.21 

4940.15 

Z„  (0)  1.15 

4000.72 

Zo  (0)  1.05 

4 

4879.55 

Z„  (0.31)  1.23 

3 

3996.59 

3F2  —  (Di) 

gt  =  0.92,  go  =  1.40 

0 

4862.40 

Zo  (0.33)  1.17 

Zo  (0.51)  (0.92)  0.42  0.92  1.41 

1.90 

4 

4853.93 

Z„  (0)  1.50 

Zo  (0.49)  (0.98)  0.43  0.92  1.41 

1.90 

1 

4831.97 

Z„  (0)  1.26 

3 

3966.35 

Zo  (0.53)  1.52 

1 

4772.32 

Zo  (0)  1.37 

1 

3953.63 

Z„  (0.75)  1.56 

4768.12 

Zo  (0)  0.79 

4 

3948.38 

• Pt  -  (Ft) 

gt  =  1.20,  go  =  0.82 

2 

4737.50 

'Dt  —  (Pi  or  DO 

gt  =  1.00,  (/o  =  1.50 

Zo  (0.34)  (0.73)  0.73  1.20 

1.58 

Zo  (0)  (0.50)  0.50  1.02  1.52 

Zo  (0.38)  (0.76)  0.44  0.82  1.20  1.58 

Ze  (0)  (0.50)  0.50  1.00  1.50 

4 

3925.34 

Zo  (0)  1.33 

4 

4681.10 

3 Ft  -  (DO 

gt  =  0.92,*  gu  =  1.13* 

5 

3922.97 

Z„  (0)  1.34 

Z„  (0) 

0.86 

3 

3910.90 

Z„  (0)  1.23 

Zc  (0)  (0.21)  0.71  0.92  1.13 

2 

3906.27 

Zo  (0)  1.02 

5 

4657.95 

Zo  (0)  1.46 

4 

3898.74 

Zo  (0.36)  1.36 

1 

4650.07 

Z„  (0)  1.15 

4 

3819.88 

Zo  (0)  1.08 

4 

4640.82 

(Ft)  -  (3D0 

Vt  =  0.82,*  go  =  0.50* 

5 

3818.69 

Z„  (0)  1.36 

Zo  (0) 

1.13 

2 

3720.74 

Z„  (0)  1.15 

Z„  (0)  (0.32)  0.50  0.82  1.24 

3 

3706.54 

Zo  (0.41)  1.04 

4 

4577.42 

zFi  —  (Di) 

gt  =  0.92,*  go  =  1.17* 

4 

3699.89 

• Pt  -  (DO 

gt  =  1.20,*  go  =  1.40* 

Zo  (0.35)  1.2 

Z„  (0.44)  1.27 

1.61 

Z„  (0.21)  (0.60)  0.07  0.92  1.17 

1.42 

Zo  (0.20)  (0.40)  1.00  1.20  1.40 

1.60 

4 

4554.59 

•Pi  -  (Dt) 

gt  =  1.42,*  gy  =  1.40* 

4 

3687.45 

Zo  (0)  1.36 

Zo  (0) 

1.35 

4 

3683.02 

Zo  (0)  1.54 

Ze  (0)  (0.02)  1.38  1.40  1.42 

4 

3674.05 

•Di  -  (DO 

Qz  =  0.59,  Qy  =  1.17 

hi 

4552.42 

Zo  (0.36)  1.2 

Zo  (0)  (0.60)  1.15  1.76 

5  d 

4523.00 

Z„  (0)  1.23 

Zc  (0)  (0.58)  0.59  1.17  1.76 

5  d 

4520.91 

Z„  (0)  1.20 

4 

3672.00 

|  at  =  1.04,*  gv  =  1.17* 

1 

4515.66 

Z„  (0)  1.61 

Z„  (0) 

1.00 

6 

4498.75 

Z„  (0)  1.13 

Zo  (0)  (0.13)  (0.26)  0.78  0.91  1.04  1.17  1.30 

3 

4493.16 

Z„  (0)  (0.57)  1.12  1.75 

1 

3668.39 

Z„  (0)  0.98 

2 

4486.73 

Zo  (0)  1.23 

4 

3663.09 

Z„  (0)  1.18 

5r 

4484.72 

Z„  (0)  1.20 

1 

3652.26 

Zo  (0)  1.35 

3 

4481.64 

•Pi  -  (Pt) 

gx  =  1.42;  gy  =  0 

6 

3643.16 

Zo  (0)  1.16 

Zo  -  Zo  (0) 

1.42 

6 

3638.78 

Z„  (0)  1.20  1.80 

1 

4480.33 

Zo  (0.63)  1.29 

3 

3628.84 

Zo  (0)  1.30 

3d 

4473.45 

Z„  (0)  1.36 

5 

3628.11 

Zo  (0)  1.34 

1 

4465.13 

Zo  (0.31)  1.24 

2 

3610.91 

•Ft  —  (Pi  or  DO 

gt  =  0.92,*  go  =  1  50* 

3 

4458.65 

Zo  (0)  1.04 

Zo  (0) 

1.01 

1 

4457.06 

Z„  (0)  0.92 

Zo  (0)  (0.48)  0.34  0.82  1.50 

4 

4445.56 

3Di  —  ( Di ) 

gt  =  0.45,  0o  =  1.37 

3 

3587.38 

•Pi  -  (P  o) 

1  a,  =  1.50,  Bo  =  0 

Zo  (0)  (0.88)  0.45  1.39  2.21 

Z„  (0)  1.49;  Zo  (0)  1.50 

Ze  (0)  (0.88)  0.50  1.37  2.24 

6 

3485.27 

•D .  -  (Ft) 

I  {Jz  =  0.49,  Oy  =  0.8T 

0 

4442.52 

•Ft  -  (DO 

at  =  1.03,  go  =  1.37 

Zo  (0)  (0.38)  0.88  1.25 

Zo  (0)  (0.33)  (0.68)  0.33  0.68  1.04  1.36  1.69 

Zo  (0)  (0.38)  0.49  0.87  1.25 

Zt  (0)  (0.34)  (0.68)  0.35  0.69  1.03  1.37  1 

.71 

5 

3483.42 

•Ft  -  (Ft) 

0 1  =  1.04,*  g o  =  0.87* 

4d 

4437.31 

Zo  (0)  1.28 

Zo  (0) 

.43 

3 

4430.24 

Zo  (0)  1.10 

Zo  (0)  (0.17)  (0.34)  0.70  0.87  1.04  1.21  1.38 

2 

4414.28 

Z„  (0)  1.55 

3464.43 

Zo  (0)  0.81 

3 

4411.43 

Z„  (0)  1.34 

4 

3427.94 

Zo  (0)  1.18 

4 

4364.46 

Zo  (0)  0.80 

3421.72 

Zo  (0.29)  1.02 

2d 

4358.36 

Z„  (0.22)  1.09 

2 

3417.05 

Zo  (0)  0.87 

0 

4343.70 

Z„  (0)  (0.57)  1.15  1.74 

4 

3343.90 

Zo  (0)  0.43 

2 

4334.70 

Z„  (0)  0.95 

6 

3323.80 

Z„  (0)  1 .60 

4 

4327.07 

Zo  (0)  1.37 

4 

3315.03 

1  Ze  (0)  1.72 

ZEEMAN  EFFECT:  Pt  TO  Rh 
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Pt:8. — ( Continued ) 


Int. 

- ~ 

Terms 

1  4 

Type 

Int. 

Pt  I. —  ( Continued ) 

6 

3290.20 

1  ‘D,  -  (Dt)  | 

Ox  =  0.51,  a v  —  1.39 

6 

Z.  (0)  (0.86)  1.36  2.27 

Ze  0  (0.88)  0  51  1.39  2.27 

4 

!  3268.38 

Zo  (0)  1.28 

5 

4 

3261.67 

Zo  (0)  1.00 

2 

3261.08 

Zo  (0)  1.29 

4 

3259.72 

Z„  (0)  0.93 

5 

6 

3255.93 

■So  —  (DO 

Ox  =  0,  Ou  =  1  13 

Zo  -  Z.  = 

(0)  1.13 

6 

3251.97 

|  >D.  -  (P 0) 

|  Ox  =  0.46,  Uo  “  0 

7 

Zo  n  Ze  = 

(0)  0.46 

4 

3250.33 

Zo  (0)  1.39 

6 

3240.20 

Z„  (0)  1.03 

7 

6 

3230.29 

Z„  (0)  1.17 

6 

3204.06 

Zo  (0)  1.31 

4 

3200.09 

Zo  (0)  1.13 

5 

5 

3156  56 

•Di  -  (ft,) 

Ox  =  0.50,  Ox  =  1.10 

Zo  (0.60) 

1.10 

Z,  (0.60)  0.50  1.10 

3 

fift 

3004.69 

» D t  -  (DO 

Ox  =  1.33,*  ox  =  1.37* 

Zo  (0) 

'.25 

Zo  ( 0 )  (0.02)  (0.04)  1.30  1.32 

1.33  1.35  1.37 

4 

4  R 

3042.63 

Z„  (0)  1.61 

7  R 

2997.97 

‘Do  -  (ft,) 

tf,  -  1.00,*  ox  -  119* 

Zo  (0)  (?) 

1.15 

6 

Ze  (0)  (0.19)  (0.38)  0.81  1.00 

1  19  1.38  1.57 

4 

2989.80 

Z„  (0)  1.45 

2 

2983.74 

Zo  (0.72)  2.13 

4 

4 

2959.09 

Z„  (0)  1.59 

8  R 

2929.79 

Z„  (0)  1.64 

3 

2921.40 

Zo  (0)  1.39 

4 

4 

2919.35 

•Pt  -  (ft.) 

Px  =  1.20,*  ox  =  1.19 

5 

Zo  (0) 

1.16 

Zo  (0)  (0.30)  0.90  1.20  1.50 

4 

2913.57 

Zo  (0)  (0.82)  2.02 

4 

2 

2913.30 

Zo  (0)  1.11 

4 

2905.90 

Zo  (0)  1.10 

5 

2897.89 

Z„  (0)  1.26 

5 

6 

2893.87 

Zo  (0)  1.06 

5 

4 

2893.26 

Z„  (0)  1.00 

5 

4 

2888.20 

Z„  (0)  1.15 

4 

2870  17 

Z.  (0)  1.51 

2 

2839.23 

Zo  (0)  1.34 

5 

HR 

2830.29 

Zo  (0)  1.52 

4 

2818.23 

Z.  (0)  1.23 

6 

2803.22 

■So  -  (PO 

Ox  ~  0,  ov  =  1.04;  Zo  °  Ze  ° 

4 

(0)  1.04 

SR 

2794.20 

Z„  (0)  1.42 

4 

3793.28 

Zo  (0)  1.28 

4 

4 

3773.99 

Z„  (0)  1.45 

4 

2773  28 

Zo  (0)  1.28 

4 

4ft 

2771.65 

Z„  (0)  1.12 

4 

273  1  90 

Z„  (0)  1.33 

4 

2747.59 

Z„  (0)  1.21 

5 

4 

2738.45 

Z„  (0)  1.17 

8  ft 

2733.90 

Zo  (0)  1.20 

Oft 

3719.02 

Zo  (0)  1.42 

2 

4 

2713.09 

Zo  (0)  1.65 

4 

SR 

2705.88 

Z.  (0)  1.51 

5 

6 

2098  10 

■So  —  (fti  or  D,) 

0x  ™  0,  u y  ■  1.40;  Zo  ■  Ze  ■ 

(0)  1.49 

4 

2094.20 

Z.  (0)  1.29 

1 

SR 

3677.13 

Z„  (0)  1.71 

4 

207  1  7.1 

Z.  (0)  1.58 

10ft 

2659.44 

Z.  (0.40)  1.20 

4 

4ft 

2050.84 

Z.  (0)  1.55 

Oft 

2646.87 

Z.  (0)  1.43 

5 

2639.83 

Z.  (0)  1.27 

4 

4 

2619.56 

Z.  (0)  1.29 

4 

4 

2596.00 

Z.  (0)  1.55 

4 

4 

2505.93 

Zo  (0)  1.69 

*  This  value  is  assumed  known  from  other  calculations. 

Rh„  (229) 

5 

Rh  I 

4 

4842.40 

•Pt  -  *Ft 

5 

Z.  (0.00) 

0.50 

/.,  0.14'  (0  40)  (1)77:  0.66  0.09  1.20  1.46  1.74  2  00 
7  4678.03  |  ’ft,  -  •D, 

Z.  094 

Z,  (0  1 1)  (0  4:0  (0  71)  (1.00)  0.43  0  71  1.00  1.28  1  57  1  86  2.14. 


Rh,,. — (C  oniinued) 

* 

Terms 

4 

Type 

Rh  /. — ( Continued ) 

4569.01 

|  ‘Pt  -  Hit 

Z„  (0.25)  0.00  0.49 

Ze  (0.31)  (0.93)  ( 1  55  0  05  0.67  0.67  1. 

29  1.91  2.53 

4528.74 

|  ‘Ft  -  ‘Ft 

1 

Z„  (0.00) 

1.76 

Ze  (O.I81  (0.57)  (0.95 )  0.29  0.67  1.05  1. 

13  1.81  2.19 

4379.93 

•Pt  -  *£>, 

Z. 

(0.71) 

1.21 

Zc  (0.20)  (0.60)  (1.00 1  0.60  1.00  1.40  1 

80  2.20 

4374.81 

’ft*  - 

1 

1 

!  Z„  (0.00) 

1.26 

Ze  (0.02)  (0.00)  (0.10)  (0.14)  1.02  1.06  1.10  1.14  1.18  1.22  1  26  1.30 

4288.72 

|  ’ft,  -  *G, 

1 

Zo  (0.00) 

1.21 

Ze  (0.00)  (0.19)  (0.32)  0.67  0.80  0.92  1.05  1.18  1.30 

4211.15 

’ft,  -  ‘Ft 

1 

| 

Zo  (0.00) 

1  74 

Ze  (0.01)  (0.29)  (0.48)  (0.67)  0.67  0  8.; 

1.05  1.24  1.43  1.62  1.81  2.00 

4196.51 

• Pt  -  •Gt 

Zo  (0.41) 

0.87 

Ze  (0.36)  (1.06)  (1.77)  0.17  0. 

54  0.88  1.25  1.95  2.66 

4135.30 

\  ’ ft,  -  * ft, 

1  Ts 

1 

Zo  (0.00) 

1. 

15 

Ze  (0.05)  (0.14)  (0.33)  0.91  1.00  1  10  1. 

19  1.28  1.38  1.48 

4128.93 

’ft,  -  ’ft, 

1 

1 

Zo  (0.00) 

1.59 

Ze  (0.14)  (0.43)  (0.71)  0.43  0. 

71  1.00  1.29  1.57  1.86 

4121.72 

1  ’ft,  -  ’/), 

1 

| 

Z»  (0.00) 

1.00 

Ze  (0.17)  (0.51)  (0.86)  0.34  0.69  1.03  1.37  1.71 

4077.59 

•D,  -  (‘fro 

♦ 

Zo  (0.00)  1.30;  Ze  (0.00)  1.20 

3996.16 

•Pt  -  (> D J) 

* 

Zo  (0.00) 

1.10 

Ze  (0.03)  (0.07)  1.30  1.35  1.40  1.44 

3995.62 

■ft,  -  ‘ ft, 

1 

1 

Zo  (0.00) 

1.33 

Z.  (0.06)  (0.19)  1.41  1.54  1.60 

1.79 

3984.41 

■ft,  —  ‘pt 

Zo  (0.19)  1.52;  Ze  (0.00)  1.73 

3975.32 

■ d[  -  (*£>,’) 

♦ 

Zo  (0.00)  1.19;  Z«  (0.00)  1.20 

3958  86 

’ft,  -  ’<7, 

Zo  (0.00) 

1.07 

Ze  (0.02)  (0.05)  (0.08)  0.81  0.84  0.87  0.91  0.94  0.97 

3942.71 

■ft,  -  ‘ft. 

t 

Ox,  =  1.56,  ox 0  =  2.06 

ffxe  =  1.73,  Oxe  =  2.67 

3934.23 

’ft,  -  *6, 

Zo 

(0.44) 

1.09 

Z«  (0.08)  (0.24)  (0.66)  0.54  0.75  0.90  1.06  1  22  1.38  1.54 

3922.18 

’ Dt  -  ‘D 1 

Zo  (0.36)  0.36  1.09;  Z«  (0.40) 

0.40  1.20 

3856.51 

’ft,  -  Vs 

Zo  (0.00) 

1.19 

Z«  (0.02)  (0.05)  (0.08)  (0.12)  1.00  1.03  1.06  1.09  1.13  1  10  1.19  1  22 

3833.87 

’ft,  -  ’ Dt 

Zo  (0.00) 

0.97 

Ze  (0.03)  (0.09)  0.77  0.83  0.89  0.94 

3828.47 

•Pt  -  •Pt 

T» 

Zo  (0.00)  1.48;  Ze  (0.00)  1.60 

3822.25 

’ ft,  -  ’ft, 

Zo  (0.16)  0.99;  Z,  (0.00)  0.86 

3818.20 

■ft,  -  *ft. 

Ts 

Zo  (0.00) 

1  46 

Ze  (0.06 1  (0.19)  1.41  1.54  1.66 

1.79 

3816.46 

•Dt  ~  OF,) 

* 

Zo  (0.00) 

1.09 

Ze  (0.03)  (0.09)  0.77  0.83  0.89  0  94 

3806.77 

*F»  —  iDi 

1 

Zo 

0.60 

1.16 

Ze  (0.17)  (0.511  0.86  0.51  0.86  1.20  1  54  1.S9 

j  3805.92 

’£>,  -  ’OJ 

Z.  (0.28)  1.19;  Z,  (0.00)  1  20 

3799.32 

’ft*  -  ’ft* 

Tx 

Z.  (0.00)  1.12;  Z.  (0  00)  1  14 

3793.22 

*ft«  -  •Dt 

Z.  (0.00) 

1.56 

Ze  (0.03)  (0.09)  (0.14)  1.00  1.06  1.12  1.17  1.23  1  29 

3788.58 

•Dt  -  W, 

t 

0x .  -  1. 

16.  Ox.  •  0.88 

Ou  -  1  20.  Ox.  -  0.80 

3765.08 

’ft*  -  *0, 

t 

Ox .  -  1. 

19,  p,„  -  0.98 

Ox,  -  1. 

14,  Ox,  -  0.57 
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RtUs. — (Continued) 

Rh,-,. — ( Continued ) 

Int. 

* 

Terms 

4 

Type 

Int. 

\  |  Terms 

4 

Type 

Rh  /. — ( Continued ) 

Rh  I. — ( Continued ) 

5 

3748.23 

*p 2  - 

4 

3484.04  ]  Wi  -  2P. 

Ts 

Z»  (0.20) 

0.60  0.98  1.40 

1.82 

Zo  (0.00) 

1.12 

Zc  (0.18)  (0  54)  0.83  1.19  1.55 

1 .92 

Zc  (0.03)  (0.08)  (0.14)  1.00  1.06  1.12  1.1 

7  1.23  1.29 

4 

3744.18 

'Pi  -  (*/>?) 

♦ 

4 

3478.91  '-D>  -  'Di 

Zo  (0.30)  1.07;  Z,  (0.00)  1.20 

Z»  (0.00) 

1.26 

5 

3474.79  'Fz  -  ' Gi 

t 

Zc  (0.06)  (0.19)  1.39  1.26  1.14 

0io  =  0.94,  on o  =  0.48 

4 

3735.28 

■D3  -  C-F, ) 

* 

(he  =  0.57,  gvc  =  0.40 

Zc  (0.00)  1 

10 

4 

3470.67  'Fi  -  <Fi 

Zo  (0.14)  0.53;  Z«  (0.00)  0.40 

Zc  (0.03)  (0.09)  (0.14)  1.00  1.00  1.12  1.1 

7  1.23  1.29 

4 

3462.04  |  'Fi  -  'Fi 

t 

8 

3700.90 

>Fi  -  'Gt 

Oc0  =  1.08,  Uy0  =  0.80 

Zo  (0.00) 

1.15 

0 Zc  —  1.03,  0  yc  =  1.03 

Zc  (0.03)  (0.10)  (0.17)  (0.23)  0.94  1.00  1 

.07  1.14  1.20  1.27  1.33  1.40 

3434.90  |  'Fi  -  'Gc 

5 

3698.61 

2<?s  -  C-fI) 

* 

Zo  (0.00) 

1.18 

Zo  (0.00) 

1.02 

Zc  (0.03)  (0.09)  (0.15)  (0.21) 

,0.27)  1.00  1.06  1.12  1.18  1.24  1.30  1.36 

Zc  (0.02)  (0.05)  (0.08)  (0.11)  1.00  1.03 

06  1.09  1.13  1.16  1.19  1.22 

1.42  1.49  1.55 

3 

3698.27 

<P i  -  'D, 

7 

3399.68  |  'Fi  -  'Fi 

Ts 

Z„  (0.77)  0.37  1.91 

Zo  (0.00) 

1.13 

Zc  (0.73)  0.47  1.93 

Zc  (0.06)  (0.17)  (0.29)  0.86  0.97  1.09  1.20  1.32  1.43 

10 

3692.36 

' Ft  -  'D i 

8 

3396.82  1  'Fi  -  'Ft 

Zc  (0.28)  1.34;  Zc  (0.00)  1.33 

Zo  (0.00) 

1.27 

3372.84  'Ft  -  'Gi 

Zc  (0.05)  (0.14)  (0.24)  (0.33)  1.00  1.10 

.19  1.28  1.38  1.48  1.57  1.67 

Zo  (0.42) 

1.03 

4 

3690.72 

'-Di  -  'Di 

Ts 

Zo  (0.00)  1.06;  Z«  (0.00)  1.20 

Zc  (0.23)  (0.69)  (1.14)  0.11  0.34  0.80  1.26  1.71 

6 

3681.06 

'Pi  -  (2£>2) 

* 

6 

3368.38  |  'Fi  -  'Fi 

t 

Zo  (0.00) 

1.40 

0zo  =  1-04,  gy0  =  0.48 

Zc  (0.07)  (0.20)  1.00  1.14  1.27 

1.40 

Ozc  =  1.03,  gye  =  0.40 

5 

3674.77 

•Pi  -  'Pi 

Zo  (0.63)  0.63  1.92 

6 

3323.09  |  'Fi  -  Kit 

Zc  (0.67)  0.67  1.99 

Z„  (0.00) 

1.07 

4 

3666.92 

-Pi  -  -Pi 

Ts 

Zo  (0.00)  1.26;  Zc  (0.00)  1.33 

Zc  (0.06)  (0.19)  (0.32)  (0.44)  0.67  0.79  0.92  1.05  1.18  1.30  1.42  1.55 

7 

3666.23 

'Fi  -  ' Ft 

Ts 

4 

3283.57  |  'Fi  -  Kit 

Z„  (0.00) 

1.18 

Zo  (0.00)  0.67 

Zo  (0.10)  (0.31)  (0.52)  0.71  0.92  1.13  1.34  1.55  1.76 

Zc  (0.06)  (0.17)  (0.28)  0.62  0.73  0.85  0.96  1.07  1.18 

3 

3661.88 

'Gi  -  (< F[ ) 

* 

4 

3280.54  |  'Fi  -  2 Ft 

Zo  (0.00) 

0.69 

Zo  0.39 

1.25 

Zc  (0.06)  (0.17)  (0.28)  0.62  0.73  0.85  0.96  1.07  1.18 

Zc  (0.05)  (0.14)  (0.24)  (0.32)  0.91  1.00 

.10  1.19  1.28  1.38  1.48 

8 

3658.00 

AF  4  —  4  7)  3 

8 

3271.61  |  2 Di  -  2 Di 

Zo  (0.00) 

1.19 

Zo  (0.00)  1 

38 

Zo  (0.07)  (0.20)  (0.33)  0.90  1.04  1.17  1.31  1.44  1.57 

Zc  (0.20)  (0.60)  0.60  1.00  1.40  1.80 

6 

3639.53 

<p;  -  'D\ 

Zc  =  Zc  =  (1.33)  1.33 

8 

3263.14  |  '-Di  -  2 Fi 

7 

3626.61 

■'P3  -  'D\ 

Zo  (0.28) 

1.05 

Zo  (0.00) 

1.01 

Zc  (0.17)  (0.51)  (0.86)  0.34  0.69  1.03  1.37  1.71 

Zc  (0.09)  (0.26)  (0.43)  1.00  1.17  1.34  1.52  1.69  1.86 

6 

3191.18  |  2 Di  -  'D, 

t 

5 

3620.47 

'Ft  -  'Pi 

gc„  =  1.24,  gy„  =  0.81 

Zo  (0.20) 

0.20  0.72 

£/xc  =  1.37,  (]  ye  =  0. 80 

Zc  (0.37)  (1.11)  0.25  0.49  1.23 

1.97 

*  Second  term — ( D ),  (F) — not  positively  established. 

4 

361 1.78 

'Gi  -  (2P^) 

* 

f  If  type  deviates  from  the  theoretical 

one,  the  author  gives  only  ^-values. 

Z„  (0.00) 

0.81 

Z,  (0.02)  (0.05)  (0.08)  0.81  0.84  0.87  0.91  0.94  0.97 

5 

3612.47 

—  4Di 

Zo  (0.23)  0.23  0.69 

Scoi  (86);  Int.  and  X  (64);  cj.  (147);  spectral  structure  (38>  40>  80> 

Zc  (0.20)  0.20  0.60 

86,  146,  149j 

5 

3605.88 

'Pi  -  'D’3 

t 

Sc  I 

g co  =  160,  gVo  =  1.17 

10 

4047.81  |  '-Di  -  '-D3 

[(1)  (3)  5  7  9]/5 

ff  zc  =  1 

73,  Oyc  =  1.20 

Zo  1.77  1.39  n  98  (0  Vi  0.19  0.19  (II  56)  0.96  1.33  1.71 

6 

3597.15 

'Di  -  'Gi 

Zc  1.80  1.40  1.00  (0.60)  (0.20)  (0.20)  (0.60)  1.00  1.40  1.80 

Zo  (0.00) 

0.72 

30 

4023.68  1  '-Di  -  W’3 

8 

1(0)  6)/5 

Zc  (0.11)  (0.33)  (0.55)  0.43  0.65  0.87  1.09 

Zo  1.21  (0)  1.21;  Zc  1.20  (0)  1.20 

4 

3596.19 

*F i  -  'Di 

20 

4020.40  |  -Di  -  W!, 

* 

1(0)  41/5 

Zo  (0.00) 

1.02 

Z  0.80  (0)  0.81 ;  Zc  0.80  (0)  0.80 

Zc  (0.09)  (0.26)  0.77  0.94  1.11 

1.29 

15 

3996.61  |  '-Di  -  '-D'3 

1  ((«  (3)  5  7  91/5 

4 

3583.09 

'Ft  -  'F s 

Zo  1.79  1.40  1.00  (0.62)  (0.19  (0.19)  (0.56)  0.98  1.40  1.76 

Zo  (0.00) 

1.36 

Zc  1.80  1.40  1.00  (0.60)  (0.20)  (0.20)  (0.60)  1.00  1.40  1.80 

Zc  (0.05)  (0.14)  (0.24)  (0.33)  1.00  1.10  1 

19  1.29  1.38  1.48  1.57  1.67 

30 

3911.88  2 Di  -  '-F', 

Si * 

[(1)  (3)  (5)  35  37  39  41  43 

4 

3570.18 

'Fi  -  'Fi 

+ 

451/35 

0*o  —  0.84,  gVo  —  0.47 

Zc  1.07  (0)  1.06;  Zc  1.00  (0)  1.00 

0 cc  =  1.03,  One  =  0.40 

30 

3907.54  |  *Dz  -  '-Ft 

•-* 

[(1)  (3)  27  29  31  331/35 

5 

3543.97 

2 Di  -  'D 2 

Zc  (0.24)  0.85;  Zc  (0.00)  0.80 

Zo  0.90  (0)  0.91;  Zc  0.94  (0)  0.94 

4 

3541.92 

'Pi  -  *p* 

Zo  (0.64)  0.64  1.95;  Zc  (0.67) 

5 

3269.84  1  2 Di  -  2Pi 

W,  d 

[(1)  11  131/15 

0.67  1.99 

Zc  0.87  (0)  0.76 

7 

3528.03 

'Ft  -  'Fi 

Zc  (0.28)  1.23;  Z«  (0.00)  1.24 

Zc  0.86  0.74  (0.07)  (0.07)  0.74  0.86 

4 

3513.11 

“Pi  —  2  P* 

Zc  (0.33)  1.73  1.03 

Sc  II 

Zc  (0.33)  1.67  1.00 

20 

4415.55  1  >Pj  -  'Fz 

«  1  [(0)  2]/3 

4 

3507.32 

'Fz  -  'Gt 

Zo  0.69  (0)  0.67;  Zc  0.67  (0)  0.67 

Zo  (0.00) 

0.91 

20 

4400.39  1  'F,  -  'Ft 

«  1  1(0)  13|/12 

Zc  (0.02)  (0.07)  (0.11)  0.87  0.92  0.96  1.01  1.05  1.10 

Zo  1.09  (0)  1.10;  Zc  1.08  (0)  1.08 

8 

3502.54 

'Ft  -  *Gi 

30 

4374.51  1  'F\  -  'Ft 

»  1 1(0)  51/4 

Zo 

(0.63) 

1.30 

Zo  1.28  (0)  1.37;  Z,  1.25  (0)  1.25 

Zc  (0.08  (0.24)  (0.40)  (0.57)  (0.73)  0.01  0.77  0.93  1.04  1.26  1.42  1.5S 

20 

4325.00  1  'F\  -  >D[ 

««♦  |(0)  (1)  3  4  5J/6 

1.74  1.90 

Zo  0.79  (0)  C  79;  Zc  0.83  (0)  0.83 

7 

3498.74  | 

* Ft  -  '-D, 

t 

20 

4320.75  'F,  -  'D't 

Si* 

[(0)  (1)  (2)  (3)  11  12  13  14  15 

Be  o  =  0 

.52,  g,o  =  1.03 

161/12 

Bee  =  0 

10.  On  -  1.20 

Zo  0.98  (0)  0  90;  Zc  0  92  (0)  0.92 

ZEEMAN  EFFECT:  Kh  TO  V 
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Sc,,. — (C  ontinued ) 


t  Asymmetric;  inner  components  too  weak. 

X  Measured  on  plate  with  two  states  of  polarization. 

§  Splitting-up  is  too  great,  cf.  X  =  -1320.75. 

1  Splitting-up  is  too  simple,  cf.  X  =  3558.56. 
r  The  1.42  of  X  =  3500.52  coincides  with  th«*  1.76  of  X 


3580.67 


SnM  (92);  cf.  (16);  spectral  structure  (16>  92>  141>  175>  203>  264) 


Zo  =  Zo  -  (0)  1.38 
Zo  -  Zc  =  (0)  1.115 
Zo  =  Zo  -  (0)  (0.34)  0.715 

1.06  1.40 


Sn  /;  Int.  (®‘>;  X  (i®);  Ter 

3 

5631.69 

3 s>r[  -  2p>.s; 

15 

4534  74 

3t'P[  -  2 piS' 

30 

3801.031 

3 s’P\  -  2p'D', 

5 

3655.78 

3<f’£>i  -  2p>.S; 

20 

3330.60 

3s>e;  -  2 p'D't 

Zo  (0.44)  (0.89)  0.59  1.07  1.51 

1.96 

Zo  (0.45)  (0.90)  0.60  1.06  1.51 

1.96 

100 

3262.33 

3 *'P[  -  2 p'D’, 

1 

Zo  (0) 

1.01 

Z.  (0)  (0.07)  0.97  1.04  1.12 

3 

3218.690 

4 >‘P[  -  2 p>s; 

* 

100 

3175.039 

3 s'P\  -  2 p'Pt 

Zo  (0) 

1.50 

Zo  (0)  (0.07)  1.3S  1.45  1.53 

5 

3141.81 

(7)3 d‘P,  -  2p>Sl 

6  R 

3034.16 

3.S1/''  -  2  p>Pi 

8 

3032.78 

3d'P[  -  2 pis; 

50 

3009.138 

3t*P[  -  2  p»Px 

t 

10 

2913  542 

4 d>D,  -  Zp'S’o 

20 

2863  320 

3»‘P[  -  2 p>Po 

10 

2850.61 

3 d>D,  -  2p‘/>; 

Z.  (0.30) 

0.94 

Z.  (0  19)  (0.38)  0.67  0.86  1.05 

1.24 

30 

2839.90 

3s’P,  -  2 p‘P, 

Z .  (0) 

1.50 

Zo  -  Zo  -  (0)  0.64 


Zo  -  Zc  -  (0)  1.32 


-  Z,  ■ 

-  z,  ■ 

-  z,  • 

(0.12) 


(0) 

(0) 

(0) 


1.22 

1.51 

1.055 

14  1 


Z.  (0.12)  1  38  1.50 


Zo  - 

Zo  - 


Z. 

Z. 


(0)  0.S45 
(0)  1.38 


Z,  (0  05)  (0.10)  1.42  1  47  1.52  1  57 


Sn,o- —  (C mil  ill  III  d 


Int. 

* 

Terms 

4 

Type 

Int. 

X 

Terms 

4 

Type 

Sc  IF. — (Continued) 

Sn  I. — (Continued) 

30 

4314.09 

'K  -  >D, 

•i* 

[(0)  (1)  (2)  (3)  12  13  11  15  16 

4 

2813.58 

3d'F’.  -  2 p'D, 

17  181/12 

Zo  (0) 

1.09 

Zo  1.09  (0) 

1.10;  Zo  1.00  (0)  1.00 

Zo  (0)  (0.08)  (0.16)  1.05  1.13  1.21 

50 

4246.88 

a  — 

7.o  0.99  (0)  0.98 

3 

2785.027 

3<PD\  -  Ip'D', 

Z.  (0)  1.39 

20 

3651.99 

>£>»  -  » F , 

tt 

[1  (3)  4  (6)  7  101/6 

4 

2779.814 

3 d1F’,  -  2p>/>; 

Zo  1.58 

1.00  0.57 

0.57  1.04  1.67 

Zo  (0) 

1.30 

Zo  1.67  1.17  (1.00  0.67  (0.50)  0  16  0.16  (0  5o  0.67  1.00  1.17  1.67 

Zo  (0)  (0.12)  (0.23)  0.935  1.05 

1.17  1.28 

1  39 

15 

3645.48 

W,  -  *F i 

±  D* 

1(3)  (6)  (9)  7  10  13  16  19 

10 

2706.50 

3 *>/»;  -  2p3p, 

Z.  -  7.o  -  (0)  1  51 

22)  12 

3 

2661.25 

3 a'P[  -  2 p,p. 

Z.  (0.38)  1.15  1  50 

Zo  (?)  0.69  0.68  (?) 

Zo  (0.38)  1.14  1.51 

Zo  1.21  (0.7 

5)  (0.75)  1.21 

5 

2571.60 

3d3D,  -  2 p'D’, 

f 

♦ 

50 

3642.96 

»/>i  - 

B.  so* 

1(0)  (1)  3  4  6]/6 

Zo 

1.46 

Zo  0.78  (0)  0.77;  Zo  0.83  (0)  0.83 

Zo  (0)  (0.19)  (0.38)  0.86  1.05  1.24  1.43  1.62 

100 

3630.75 

3D,  -  *F  3 

*<*5 

((0)  (I  (2)  (3)  11  12  13  14  15 

1 

2456 

3 d'F’,  -  2 p’P, 

Zo  1.01  (0)  1.24 

16],  12 

Zo  1  125  (0)  1.125 

Zo  1.03  (0) 

1.03;  Zo  0.92  (0)  0.92 

6 

2421.70 

3 d'F\  -  2piZ>; 

100 

3613.83 

*D,  -  'Ft 

*»* 

1(0)  (1)  (2)  (3)  12  13  11  15  16 

Zo  (0) 

1.00 

17  181/12 

Zo  (0)  (0.025)  (0.050)  0.975  1.000  1.025 

1.050  1.075 

Zo  1.11  (0) 

1.12;  Zo  1.00  (0)  1.00 

4 

2334.799 

|  3d3D,  -  2p‘P, 

Not  resolved,  but  ji  ™  ji 

10 

3590.52 

w,  -  »d: 

s.*l!r 

[(0)  (1)  (2)  6  7  8  9  10J/6 

Sn  II,  Int.  and  X  (17S);  Terms  (92) 

Zo  1.42  (0)  1.51;  Zo  1.67  (0)  1.67 

20 

6452.79 

6!St  -  6 ,P, 

Zo  (0.36)  1.01  1.66;  Zo  (0.33) 

10 

3589.67 

*d,  -  »z>; 

[(0)  3  4  7  111/6 

1.00  1.67 

Zo  1.83  1.17  0.65  (0 

0.61  1 

.18  1.76 

25 

5799.35 

5 3D„  -  4  3F„ 

Z.  (0)  1.07 

Zo  1.83  1.17  (0.67)  0.50  (0  0.50  (0.67)  1.17  1.83 

8 

5598.15 

6:P,  -  630, 

20 

3580.98 

W,  -  >D[ 

* 

[(0)  11/2 

Zo  (0.80)  0.55  1.06  1.60 

Zo  0.51  (0)  0.51 ;  Zo  0.50  (0)  0.50 

Zo  (0.27)  (0.80)  0.53  1.07  1.60 

30 

3576.37 

3D,  -  3D\ 

* 

1(0)  7]/6 

30 

5589.44 

5-D?  —  4 

Zo  (0)  0.90 

Zo  1.14  (0)  1.19;  Zo  1.17  (01  1 

17 

30 

5562.92 

6 3P,  -  63D, 

50 

3572.57 

3D 3  -  3D[ 

• 

1(0)  41/3 

Zo  (0) 

1.04 

Zo  1.31  (0) 

1 .34 ;  Zo  1 .33  (0)  1 

33 

Zo  (0.07)  (0.20)  1.00  1.13  1.27 

20 

3567.72 

3D,  -  3D’. 

t 

[(0)  3  (4)  7  111/6 

30 

5333.23 

63P,  -  63 D, 

Zo  (0)  0.835 

Zo  1.83  1.16  0.64  (0 

0.64 

.15  1.82 

Zo  (0.07)  0.73  0.87 

Zo  1.83  1.17  (0.67)  0.50  0  0.50  (0.67)  1  17  1.83 

30 

3352.42 

p3D,  -  4 3F„ 

cf.  X  =  5799  Zo  (0)  1.06 

20 

3558.56 

3D,  -  3D’3 

So* 

[(0)  (1)  (2)  6  7  8  9  101/6 

30 

3283.54 

p,D,  -  VF, 

cf.  X  =  5589  Zo  (0)  0.91 

Zo  1.63  (0)  1.64;  Zo  1.67  (0)  1.67 

Sn  III ;  Int.  (®*) 

10 

3535.74 

Z.  1.98  (0)  1.02 

3 

5369.5 

6»Po  -  5’D, 

Zo  (0)  0.48;  Zo  (0)  0.50 

10 

3372.16 

3D,  -  3P , 

*•* 

[(0)  (1)  (2)  6  7  8  9  101/6 

4 

5349.37 

6>Pi  -  5 3D, 

Zo  1.16  (0)  1.13;  Zo  1.00  (0)  1.00 

Zo  (0) 

0.96 

8 

3359.69 

3D,  -  3P , 

X  D* 

[(2)  (4)  5  7  9  ll]/6 

Zo  (0)  (0.33)  0.83  1.17  1.50 

Zo  (?)  0.66  0.66  (?) 

1 

5291 

6 ,p,  -  53 D, 

Zo  (0.95)  0.47  1.41;  Zo  (1.00) 

Zo  1.33  (0.67)  (0.67)  1.33 

0.50  1.50 

20 

3353.74 

d 

Zo  1.00  (0)  1.00 

5 

5224.92 

5 ‘D,  -  6'P, 

D 

Zo  (0)  1.04  ;  7.o  (0)  1.00 

*  Only  strongest  components  of  Ze  are  given  decimally. 

7 

5100.56 

63P,  -  53D, 

20 


Zo  (0)  1.10 

Zo  (0)  (0.16)  (0.33)  1.00  1.17  1.33  1.50  1.67 
5020.7  |  6 'Pi  -  5*Dt  \ 

Zo  (0.67)  1.29 

Zo  (0.33)  (0.67)  0.83  1.17  1.50  1.83 


4924.12 

4858.12 


6’Si  -  6*Po 
6>S1  -  e'Pi 


4715.82  5’Dt  -  6 'Pi 
Zo  (0)  1.20 

Z,  (0)  (0  16)  1.00  1.16  1.33 
4585.62  |  6’. Si  -  6‘P, 

Zo  (0)  (0.50)  1.02  1.52 
Z,  (0)  (0.50)  1.00  1.50  2.00 


Zo  (0)  (1.97);  Z.  (0)  2.00 
/..  (0.55)  1.49  2.02;  Z.  (0.50) 
1.50  2.00 


4330.13 


6*.Si  -  6tPi 


7..  (0  93)  0.99  2.00;  Z.  (1.00' 
1.00  2.00 


D\ 


3550  * P’,  -  'P, 

Zo  (0)  1.75 

Zo  (0)  (0.50)  1.00  1.50  2.00 
*  Very  asymmetric,  t  Outside  component-  ire  r<  -olved,  but  not  mcasurabl' 
J  Shaded  symmetrically.  §  Obscured  by  lines  of  band 

V„  (24);  Int.  (119);  X  (64,  112,;  Terms  (24,  42,  so,  127,  144 

v  r 

6266.28  |  •/>;  -  ‘Fj  | 

Zo  (0.25)  (0.67)  1  40  1.91  2  38 

Zo  (0.30t  (0.89)  0  77  1  36  1.95  2.54 

6261.18  I  ‘O;  -  *F[ 


12 


3.05;  Z.  0  60 


6245  14  •/),'  - 

6240  09  -  « F", 

Z.  0.84  (1  05)  1  50  2  21 

Z.  (0  40)  0  67  (1.20i  1.47  2.27 
6233  10  I  •£>;  -  I 

Z.  0  74  1  42 

Z.  (0.17)  (0  51)  0  80  0.86)  1  14  1.49  I  -3  2.17 


Z.  0  78  (1.12 

(1.371  3.13 

Z.  1  47  (1  94  i ;  Z.  1.33  2  00 


Int. 

1 

15 

1 

3 

15 

2 

1 

2 

3 

1 

1 

1 

L  + 

1 

1 

4 

2 

1 

1 

1 

4 

10 

2 

8 

12 

5 

5 

5 

4 

3 
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V23. — ( Continued ) 


4 


Type 


X  I  Terms 

V  I. —  ( Continued ) 

6221.18  |  oP't  -  <£>;  |  | 

Zc  0.54 

Zc  0.17  (0.52)  0.86  (1.54)  1.88 
6213.83  |  '£>4  -  V-'J  |  j 

Zo  0.45  1.48 

Zc  (0.06)  (0  18)  (0.30)  (0.42)  (0.54)  1.01  1.13  1.25  1.37  1.49  1.62 
1.74  1.86  1.98 

6100.49  |  «i>'  -  <Z/3  |  | 

Zc  1.16 

Zc  (0.26)  0.60  (0.77)  1.12  (1.29)  1.63  2.14  2.66 
6189.34  |  o/lj  -  «/•’'  | 

Zc  (?)  1.00 

Zc  (0.13)  (0.39)  (0.65)  0.75  1.01  1.27  1.62  1.79  2.05 
6150.11  |  *D'S  -  >F'e  |  | 

Zo  (?)  1.14 

Zc  (0.05)  (0.15)  (0.25)  (0.35)  (0.45)  1.00  1.10  1.20  1.30  1.40  1.50  1.60 
1.70  1.S0  1.90 

6017.94  |  <£>2  -  'Di  | 

Zc  0.74  0 

Zc  0.27  (0.80)  0.93  1.46  2.00 

6008.68  I  *P  1  -  *D, 

6002.30  I  lP3  -  iDt 

Zo  (?)  1.16 

Zc  (0.09)  (0.26)  (0.43)  1.00  1.17  1.34  1.52  1.69  1.86  1.94 
5980.81  |  *P2  -  W3  | 

Zc  ?  1.02 

Zc  (0.18)  0.54  0.83  1.19  1.55  1.92 
5610.20  |  *Fs  -  «/>’'  | 

7-c  (0)  1.26 

Zc  (0.03)  (0.09)  (0.16)  (0.22)  1.11  1.18  1.24  1.30  1.36  1.43  1.49  1.56 
5593.02  |  *Fi  -  *D3  | 

Zc  (?)  1.49 

Zc  0.19  (0.21)  0.62  (0.66)  1.03  (1.05)  1.45  1.86  2.29 
5588.47  |  | 

Zo  (0.48)  1.55 

Zc  (0.08)  (0.24)  (0.40)  (0.56)  1.03  1.19  1.35  1.51  1.67  1.83  1.99 


Zc  1.26  (1.40);  Zc  1.33  (1.33) 


Zc  0  (1.06) ;  Zc  0.13  (1.06)  2  27 


5578.33  <£>2  - 

5573.98  *Ft  -  «£' 

Z«  (0)  1.10 

Zc  (0.04)  (0.11)  (0.19)  1.04  1.12  1.20  1.28  1.35  1.43 

5565.93  |  «£>'  -  «£>2 

Zo  (?)  1.59 

Zc  (0.33)  0.87  (1.00)  1.54  2.20 

5547.04  |  *D't  —  «£>s  |  | 

Zc  (0)  1.77 

Zc  (0.06)  (0.19)  (0.32)  (0.44)  1.11  1.24  1.36  1.49  1.62  1.75  1.87  2.00 
5545.91  |  <£>'  -  6£>4  | 

Zc  (0)  1.92 

Zo  (0.11)  (0.32)  (0.54)  1.05  1.26  1.49  1.70  1.92  2.13 
5542.69  |  <F3  -  ‘F3  I  | 

Zc  (0)  0.96 

Zc  (0.02)  (0.06)  0.97  1.01  1.05  1.08 


5517.18  *F 2-  6Ft  jZc  (0.42)  0.79;  Zc  (0.53)  0.93 

5515.05  |  —  eP3  I  0.13 

Zc  (?)  I.74 

Zc  0.06  (0.18)  (0.30)  (0.42)  (0.55)  0.91  1.03  1.15 

1.27  1.40  1.52  1.64  1.76  1.88  2.00 

4932.03  |  *P3  -  *P'  | 

Zc  (0)  1.52 

Zc  (0.07)  (0.20)  1.40  1.53  1.67  1.80 

4925.66  *P3  -  <p' 

4886.82 
4880.56 

Zc  (0)  0.90  1.65 

5c  (0.07)  (0.20)  1.40  1.53  1.67  1.80 


*Pt  -  *P3 

*P>  ~  *P', 


Zc  (0)  1.62;  Zc  (0)  1.60 
Z„  (0)  1.74;  Zo  (0)  1.73 


4412.16  *D[  -  *P[ 

4392.10  «£>'  -  <P'2 

Zc  1.98  1.76 

Zc  (0.07)  (0.20)  1.67  1.80  1.93 
4363.53  •£>;  -  </>'  I  I  Zc  = 

4124.09  *P3  —  U>D3  j  * 

5o  (0.55)  1.11 

5c  (0  20)  (0.60)  0.60  (1.00)  1.00  1.40  1.80  2.20 

4107.48  |  *P3  -  »)D3  I  * 

5o  0.39  (0.43)  1.26  (1.35) 

5o  0.33  (0.47)  1.26  (1.40)  2.20 
4092.40  j  *P,  -  <s>Dj  |  *  | 

Zc  (0.17)  (9.55)  0.76  1.14  1.50 
5c  (0.27)  (0.40)  0.80  0.93  1.47  2.00 


Zc  (0.37)  2.94;  Zc  (0.33)  3.00 


Zc  =  (0)  1.60 


V23. — ( Continued ) 


Int. 

x 

Terms 

1  4 

Type 

V  I. — ( Continued ) 

2 

4070.78 

'F,  -  «r5 

1 

1 

Zc 

0.38 

1.32 

Zc  (0.05) 

(0.15)  (0.25)  (0.35)  (0.45) 

0.97  1.07  1.17  1.27  1.37  1.48 

1.58  1.68 

1.78 

2 

4068.00 

* F3  -  «/•'( 

1 

1 

Zc  (0) 

1.03 

Zc  (0.04)  (0.11)  (0.19)  1.04  1. 

12  1.20  1.28  1.35  1.43 

1 

4052.47 

1 

1 

Zc 

0.53 

(?) 

Zc  (0.08)  (0.24)  (0.40)  (0.56)  0.84  1.00  1.16  1.32  1.48  1.74  1.90 

2 

4048.61 

>f3  -  *f'2 

[ 

Zc  (0) 

0.98 

Zc  (0.02)  (0.06)  (0.99)  1.03  1.08  1.12 

1 

4032.85 

*F  2  —  6F1 

Zo  (?)  0.90 

Zc  0.13  (0.53)  0.94 

12 

3943.65 

*D't  -  W 

Zc  (0) 

1.44 

Zc  (0.11)  (0.34)  (0.57)  0.86  1.09  1.31  1.54  1.77  2.00 

5 

3936.32 

*£>s  -  -D3 

Zc  (0.29)  0.51  (0.86)  1.09  1.66 

2.23 

Zc  (0.26)  0.48  (0.77)  1.09  1.60  2.08 

12 

3922.46 

*D',  -  2£>3 

Z»  (0) 

1.33 

Zc  (0.09)  (0.26)  (0.43)  0.94  1.11  1.29  1.46  1.62 

5 

3920.49 

*D2  -  W3 

Zc  0.53  0.60  0.98  1.40 

Zc  (0.20)  (0.60)  0.60  1.00  1.40 

5 

3910.78 

<D[  -  W3 

Z«  (0.39)  0.41  1.20;  Zc  (0.40) 

0.40  1.20 

6 

3906.75 

*D[  -  W3 

Zc  (0)  1.44;  Zc  (0)  1.20 

6 

3397.50 

•Pz  -  *P3 

Z„  (0) 

1.48 

Zc  (0.07)  (0.20)  1.40  1.53  1.67  1.80 

15 

3377.61 

*P>  ~  *P'3 

Zc  (0)  1.49;  Zc  (0)  1.60 

10 

3377.37 

<P 2  ~  ‘P'y 

Zo  (0.45)  1.21  2.10;  Zc  (0.47) 

1.27  2.20 

8 

3376.06 

*Pi  -  ■>£>' 

Zo  (0)  1.59;  Zc  (0)  1.73 

4 

3366.88 

*Pl  ~  ^P'i 

Zo  (0)  2.54;  Zc  (0)  2.66 

10 

3365.57 

*P  1  -  *P3 

Zo  (0.46)  1.07  2.05;  Zc  (0.47^ 

1.27  2.20 

10 

3356.36 

' Pi  ~  * P3 

Z,.  (0) 

1.38 

Zc  (0.07)  (0.20)  1.40  1.53  1.67  1.80 

5 

3259.53 

Zo  (0) 

1.02 

Zc  (0.18)  (0.54)  0.83  1.19  1.55  1.92 

9 

3255.65 

•D',  -  </>' 

Zc  (0)(?) 

1.15 

Zc  (0.09)  (0.26)  (0.43)  1.00  1.17  1.34  1.52  1.69  1.86 

3 

3243.29 

*D[  -  <P[ 

Zo  (1.30)  1.28; Zc  (1.33)  1.33 

4 

3241.17 

*d\  -  </>; 

Zo 

(0.49) 

1.43 

Zc  (0.11)  (0.34)  (0.57)  1.03  1.26  1.49  1.72  1.95 

*  The  (4)  and  the  (2)  are  uncertain. 

w 

74  (28);  Int.  (29);  X  (29>  112);  spectral  structure  (128) 

Int. 

1  x 

Zo 

W  I 

6 

5514.712 

(0.000)  (1.041)  0.459  1.50  1  2.542 

6 

5224 . 680 

(0.000)  (0.435)  (0.870)  0. 

734  1.069  1.504  1.939  2.374 

8 

5053 . 300 

(0.968)  1.433  2. 

401 

6 

4843.829 

(0.413)  (0.826)  1.056  1.469  1.883  2.296 

4 

4757.565 

(0.000)  2.046 

6 

4680.539 

(0.280)  (0.560)  (0.840)  0. 

926  1.206  1.486  1.766  2.046 

2.327 

6 

4659.886 

(0.000)  2.532 

8 

4570.64 

(0.000)  (0.487)  (0.974)  0. 

521  1.008  1.495  1.982  2.469 

6 

4484.197 

(0.000)  (0.417) 

1.527  1. 

944  2.361 

3 

4460.523 

(0.000)  (0.534) 

0.570  1. 

104  1.638 

3 

4378.501 

(0.000)  (0.360) 

(0.720)  2. 

090  2.450  2.810  3.170  3.530 

6 

4302.123 

(0.241)  (0.482)  (0.723)  1. 

318  1.559  1.799  2.041  2.282 

2.523 

3 

4274.554 

(1.344)  1.612 

2.956 

5 

4269.399 

(0.000)  (1.184) 

~  :>r,7 

6 

4074.374 

(0.253)  (0.505)  (0.758)  1. 

334  1 . 586  1 . 839  2 . 092  2  344 

2.597 

2 

4071.939 

(0.000)  (0.371) 

1.666  2. 

036  2.407 

4 

4070.618 

(0.000)  (0.324)  (0.648)  0.931  1.255  1.579  1.903  2.227 

ZEEMAN  EFFECT:  V  TO  U 


431 


W:(. — ( Continual ) 


Int. 

* 

Zo 

5 

4045.615 

W  /. — ( Continued ) 

(0  000)  (0.812)  (1.024)  0.487  1.290  2.111  2.923  3.735 

8 

4008.769 

(0  000)  (0.312)  (0.624)(0. 036)0. 853  1.171  1.483  1.795 

5 

3867 . 986 

2.107  2.419  2.731 

(0  (MX))  (0.433)  (0.865H1. 298)  0.4050.838  1.270  1.703 

5 

3846.225 

2  136  2.659  3.001 

(0  000)  (0.280)  0.976  1.256  1  .536 

5 

3835.058 

(0.332)  (0.663)  0.251  1.5831.9142.246 

5 

3768.448 

(0.926)  1.636  2.562 

6 

3707 . 929 

(0.737)  (1.474)  (2.211)  0.100  0.637  1.374  2.111  2.848 

8 

3617.522 

3.583 

(0.440)  (0.880)  (1.321)  0.891  1.331  1.771  2.211  2.652 

4 

3311.389 

3.092 

(0.000)  (0.575)  (1.150)  1.153  1  728  2 . 30.3  2. 878  3 . 453 

5 

2964 . 520 

(0.000)  (0.545)  (1.090)  1.225  1.770  2.315  2.868  3.414 

8 

2946.992 

(0.590)  (1.180)  (1.769)  0.596  1.186  1.776  2.366  2.956 

7 

2944.410 

3.545 

(0.000)  (0.499)  (0.997)  1.312  1.810  2.306  2.804  3.303 

6 

2896 . 445 

(0.000)  (0.874)  (1.748)  0.642  1.516  2.391  3.265  4.139 

3 

2848.029 

(1.047)  (2.094)  (3.142)  0.784  0.263  1.311  2.358  3.406 

4 

2833.634 

4.453 

(0.000)  (0.411)  (0. 822)  (1 . 233)  0.474  0.885  1.296  1.707 

5 

2792.702 

2.118  2.529  2.940 

(1.163)  (2.326)  0.037  1.127  2.290  3.453 

3  («4) 

4366.01 

W  II 

(0.190)  0.893  1.273 

1  (84) 

4343.24 

(0.517)  1.762 

3 

4335.89 
4175.64 
3657 . 590 

(0.169)  (0.508)  0.S75  1.213  1.5531.891 
(0.237)  1.486  1.959 

(0.944)  1.780 

1 

3361 . 101 

(0.932)  2.827 

3 

3117.580 

(0.685)  1.433 

4 

2761.261 

(1.466)  2.324 

2 

2729.59 

2658.05 

(1.065)  1.765 

(0.429)  (1.288)  0.943  1.802  2.660 

Int. 

X  \  \ 

|  Int. 

* 

B0  ||  lnt.| 

X 

Bo 

5617.03  1.204 

3 

4316.821 

1 . 787 

2 

3177.187 

1.603 

5616.16  0.934 

3 

4275.497 

1.139 

4 

3163.419 

1.344 

5604.31  1.730 

2 

4254.066 

1.211 

5 

3041.876 

1.474 

5487.74  1.807 

3 

4241.451 

1 . 328 

3 

3039 . 320 

1.137 

5477.82  1.406 

2 

4215.387 

1.251 

5 

2997. 794  1. 628 

3 

5435 . 063  1 . 828 

3 

4204.415 

1.214 

2994 . 70 

1 .084 

2 

5388. 023  1 .612 

3 

4170.538 

1 . 293 

2 

2936 . 680  1 . 090 

1 

5354.463  2.857 

2 

4154.678 

1.741 

5 

2934.994  0.935 

2 

5259.356  2.087 

3 

4126.808 

1.111 

2925.81 

0.862 

3 

5242 . 981)  1 . 094 

4125.69 

1.251 

3 

2925.132 

1.257 

3 

5192.725  1.046 

3 

4064 . 799 

1.218 

2 

2918.633 

1.145 

4 

5071 .739  1.426 

3 

4028 . 798 

1.591 

4 

2911.001 

1.583 

5 

5054.615  1.430 

3 

3983 . 294 

1.212 

4 

2896.010 

1.610 

6 

5015.334  1.460 

2 

3979.293 

1.204 

2889 . 79 

1.431 

2 

4986.943  1.458 

1 

3903 . 987 

0.605 

4 

2856 . 033 

1 . 585 

6 

4886.922  1.458 

5 

3809 . 239 

0.994 

2852.10 

1.235 

4 

4729.664  1.916 

2 

3801.527 

1.039 

2 

2805 . 930 

0.863 

3 

4700.422  1.340 

5 

3641.419 

1 . 296 

3 

2801 . 175 

1 . 496 

3 

4677.710  1.200 

4 

3592 . 426 

1.032 

1 

2740 . 799  0 . 999 

2 

4620  566  1 . 228 

1 

3572.477 

1.450 

1 

2718.044  1.007 

3 

4543.524  1.405 

1 

3463.515 

1 . 558 

1 

2716.323 

1 . 528 

2 

4530  688  1 .062 

3 

3429 . 604 

1.213  I 

2709 . 59 

0.878 

i 

1  HI 2  334  1.028 

3358.61 

1.054 

2706 . 72 

1.221 

4441.80  1.169 

3308 . 36 

1.468| 

2703 .  **9 

1 . 280 

2 

4394 . 092  0 . 609 

3304  46 

1.195  ! 

2703 . 09 

1.392 

3 

4384 . 868  1 . 228 

3 

3281.944 

1 . 427 

3 

2697 . 727 

2.011 

3 

4347.014  1.464 

3262 . 25 

1 . 162 

2670.41 

1  189 

3 

4330.670  1.261 

2647 . 72 

1 . 586 

LITERATURE 

(For  u  key  to  the  periodicals  see  end  of  volume) 

(I  Imuo and  Ntftokl, 85, 19:  180; 00.  (*)  Amn,  Karhart  and  H< . .  '  .8: 

It  os  1  Ba) k.  81,  33:  >07;  11  *  1  brack,  81,  8A:  209.  II.  (») 

Babcock,  34:  jsv  11  i*>  Babcock,  t.  6:  ,*>0s  15  (»l  Habcoek,  2,  22: 

201;  23.  (•)  Habeoek.  21.  68:  149;  23.  (9  Bachem,  96.  3  :  372;  20. 


(">)  Back,  8,  TO:  333;  23  "  Back,  XI,  15  :  206  23  «*  Back,  .33  79 

25 .  (•*)  Back,  88.  *6  :  833:  25  '«  Back,  8,  TS:  317;  25  •  >*  Back,  5, 

37:  193;  28.  (1®>  Bark,  *6,  43:  309;  27  17  Hark  and  I.andG  Z.,m.in- 

rffekt  unit  M uUiplcttstruktur  dtr  SpsktraUinirn.  Berlin,  Springer,  1925. 
0*1  von  Baeyer,  88,  10:  357;  08.  09)  von  Baeyrr  and  Gchroke,  88,  10: 
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POLE  EFFECT 

Harold  D.  Babcock 


The  term  pole  effect  is  used  to  designate  the  minute  change  of 
wave-length  and  the  marked  change  of  character  which  occur  for 
many  spectral  lines  when  light  from  the  central  region  of  a  metallic 
arc  is  compared  with  that  originating  near  the  electrodes.  Much 
evidence  indicates  that  under  suitable  conditions  the  central 
region  of  the  arc  gives  the  normal  wave-length  of  a  line,  at  least  to 
a  very  close  approximation.  The  phenomenon  is  accordingly 
considered  to  be  a  modification  of  the  normal  vibration  frequency 
by  some  agency  which  is  associated  with  proximity  to  the  elec¬ 
trodes.  It  is  manifested  to  the  greatest  degree  by  lines  which 
are  diffuse  and  unsymmetrical,  and  which,  in  some  cases,  show  the 
greatest  change  of  wave-length  with  increase  of  pressure. 

In  the  spectrum  of  iron,  for  which  the  effect  has  been  studied 
more  extensively  than  for  other  elements,  displacements  amounting 
to  0.045A  toward  the  red  and  toward  the  violet  have  been  observed 
for  the  linos  X4969.93  and  X5133.69  respectively,  when  light  from 
near  the  negative  pole  was  compared  with  that  from  the  center  of 
an  ordinary  iron  arc.  The  average  displacements  for  such  lines 
in  that  region  of  the  spectrum,  however,  are  about  one-half  of  the 
extreme  value  mentioned.  Of  1570  iron  lines  examined  between 
X2979  anti  X667S,  286  showed  displacements  toward  the  red  at  the 
negative  pole  and  80  were  shifted  in  the  opposite  direction.  These 
unstable  lines,  as  a  rule,  require  high  temperature  for  their  excita¬ 
tion,  are  reversed  only  under  extreme  conditions,  and  are  associ¬ 
ated  with  atomic  transitions  involving  medium  and  high  levels  of 
atomic  energy. 

Lines  showing  no  pole  effect,  or  at  most  displacements  barely 
distinguishable  from  errors  of  observation,  are  in  general  the  most 
symmetrical,  the  most  easily  self-reversed,  and  the  most  readily 
excited  by  low  temperature  sources.  They  are  members  of  multi¬ 
plots  which  are  produced  by  atomic  transitions  involving  the  low¬ 
est  energy  levels  in  iron  atoms. 

(loos  3)  held  that  for  iron  the  displacements  at  the  pole  are 
due  to  local  increase  of  pressure  above  that  in  other  parts  of  the 
are.  The  measurements  of  St.  John  and  Babcock  (5),  however, 
clearly  indicate  that  this  explanation  is  inadequate,  and  the  recent 


work  of  Babcock  (!)  on  pressure  effect  for  iron  shows  conclusively 
that  pole  effect  and  pressure  effect  are  distinct.  A  group  of  lines 
is  cited  which  are  displaced  toward  the  violet  by  pole  effect  but  in 
the  opposite  direction  by  increase  of  pressure.  The  pole  effect  for 
calcium  has  been  found  definitely  related  to  spectral  series  by  Gale 
and  Whitney  (2).  Nagaoka  (4)  found  no  certain  evidence  of  con¬ 
nection  between  pole  effect  and  Zeeman  effect. 

There  are  many  indications  that  pole  effect  is  related  to  inter¬ 
atomic  influences  rather  than  to  external  causes  directly  under  our 
control.  The  available  data  on  Stark  effect  for  iron  point  toward 
a  correlation  between  this  phenomenon  and  pole  effect.  Although 
no  broad  conclusions  appear  justified  at  present,  it  is  possible  that 
pole  effect  is  nothing  but  Stark  effect  due  to  interatomic  electro¬ 
static  fields  whose  efficacy  depends  upon  various  external 
conditions  in  the  source. 

The  study  of  pole  effect  has  developed  a  useful  extension  to  the 
existing  methods  for  classifying  spectral  lines,  for  which  it  affords  a 
reliable  criterion.  Recognition  of  the  role  played  by  pole  effect  in 
many  investigations  which  involve  accurate  knowledge  of  the 
positions  of  spectral  lines  has  proved  of  distinct  service.  Mention 
may  be  made  of  the  study  of  the  pressure  effect  for  terrestrial 
sources,  and  of  the  determination  of  pressures  in  the  atmospheres  of 
the  sun  and  other  stars,  as  examples.  It  is  found  in  practice  more 
satisfactory  to  eliminate  the  effect  from  the  source  of  light  than 
to  attempt  numerical  correction  for  it  in  the  results.  For  iron,  at 
least,  this  is  made  feasible  by  suitable  choice  of  conditions  for  oper¬ 
ating  the  arc.  The  question  is  discussed  in  detail  by  St.  John  and 
Babcock  (6),  who  found  that  enclosing  the  arc  in  a  vacuum  cham¬ 
ber  caused  the  effect  to  disappear,  and  that  under  specified  condi¬ 
tions  the  center  of  an  arc  at  atmospheric  pressure  may  also  be  used. 
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EMISSION  OF  LIGHT  BY  SPARK  DISCHARGES  IN  LIQUIDS 

J.  A.  Anderson 


The  character  of  a  spark  discharge  is  determined  by:  (a)  The 
current  flowing  through  the  spark  gap.  (b)  The  emf  across  the 
gap.  (c)  The  material,  size,  shape  and  separation  of  the  elec¬ 
trodes.  (d)  The  medium  in  which  the  electrodes  are  immersed. 
Of  these,  this  section  is  concerned  more  especially  with  (o)  and  ( d ). 

The  following  general  conclusions  may  be  regarded  as  fairly  well 
established : 

1.  With  a  moderately  strong  current1  (condensed  spark  dis¬ 
charge)  in  water,  there  is  a  strong  continuous  spectrum  extending 
through  the  visible  region  and  into  the  ultra-violet  at  least  as  far 
as  A2300.  Its  intensity  appears  to  be  greatest  in  the  near  ultra¬ 
violet  (region  X3000  to  A4000),  and  to  be  roughly  independent  of 
the  material  used  as  electrodes. 

Superimposed  on  the  continuous  spectrum  is  one  consisting  of 
bright  and  dark  lines,  due  chiefly  to  the  electrodes.  The  low  tem¬ 
perature  arc  lines  appear  as  pure  absorption  lines.  The  high 
temperature  arc  lines,  and  a  few  of  the  more  easily  excited  spark 
linos  appear  as  more  or  less  narrow  absorption  lines  having  bright 
edges,  while  the  majority  of  spark  lines  are  bright,  generally  broad, 
and  often  widened  asymmetrically. 

2.  With  decreasing  current  strength  (smaller  capacity  or  larger 
self-induction)  the  continuous  spectrum  diminishes  rapidly  in 
intensity,  causing  the  pure  absorption  lines  to  become  less  con¬ 
spicuous  anti  finally  to  disappear.  The  bright  lines  narrow 
progressively,  and  those  having  bright  edges  gradually  become 
narrow  bright  lines  by  the  disappearance  of  their  reversals.  At 
low  current  values  all  lines  are  bright  and  relatively  narrow,  and 
tilt;  continuous  spectrum  is  absent  or  very  faint. 

*  As  an  example  of  a  "moderately  strong  current,”  the  experiments  of  L.  and 
E.  Bloch  (*)  may  be  cited.  The  capacity  was  0.02  microfarad,  the  frequency  of 
oscillation  570  000  cycles  per  sec.  The  potential  is  not  stated,  but  must  have 
been  of  the  order  of  20  000  volts.  The  maximum  value  of  the  current  was 
accordingly  about  1  400  amperes. 


3.  With  the  spark  in  water,  the  Balmer  lines  of  hydrogen  appear 
regularly  as  broad  bright  lines.  In  liquid  hydrocarbons,  the  car¬ 
bon  bands  appear  in  addition  to  the  hydrogen  lint's.  The  air 
lines,  so  prominent  in  the  ordinary  spark  spectrum,  are  absent. 

The  continuous  spectrum  originates  in  the  core  of  the  spark, 
and  many  observers  have  explained  it  as  being  due  to  hydrogen. 
Since  Curie  (3  j  found  the  continuous  spectrum  strongly  developed 
with  sparks  in  liquids  containing  no  hydrogen,  such  as  bromine, 
sulfur,  etc.,  this  explanation  is  probably  incorrect.  It  is  more 
probable  that  its  origin  is  analogous  to  that  of  the  continuous 
spectrum  observed  when  wires  are  electrically  exploded  (see  p.  434). 

Bubbles  of  gas  projected  with  considerable  velocity  from  the 
spark  are  regularly  observed  and  have  sometimes  been  ascribed  to 
electrolysis.  Smith  15)  was  able  to  show  that  the  quantity  of  gas 
liberated  is  many  times  too  great  to  be  accounted  for  in  this  way. 

The  condensed  spark  in  water  using  electrodes  of  carbon  or 
some  of  the  metals  is  frequently  used  as  a  convenient  source  of 
continuous  ultra-violet  radiation,  in  the  study  of  absorption 
spectra.  A  quartz  window  and  a  continuous  renewal  of  the  water 
surrounding  the  spark  are  necessary ;  .see  also  (*>  4>  5>  6>  7i  8>  9i  ,0» 
11,  12,  13,  14,  16,  17,  18). 
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ELECTRICALLY  EXPLODED  WIRES 

J.  A.  Anderson 


A  fine  metallic  wire  a  few  centimeters  in  length,  weighing  1  or  2 
mg,  is  placed  in  the  discharge  circuit  of  a  large  condenser.  During 
the  discharge  the  wire  is  heated  and  vaporized  so  rapidly  that  the 
earlier  observers  of  tin*  phenomenon  (2>  4)  described  it  as  an  explo¬ 
sion.  The  mechanical  effects  of  such  an  explosion  are  fully 
described  by  Singer  (4)  and  Nipher  (2).  The  explanation  of  the 
phenomenon  recorded  by  Nipher  is  probably  incorrect,  since 
recent  work  has  shown  that  the  rapid  evaporation  of  the  wire  is 
cpiite  competent  to  account  for  all  observed  effects.  For  quite 
recent  work,  see  (7>  8>  9>  10). 


Circuit. — The  constants  of  a  circuit  used  by  Anderson  and  by 
Smith  are:  Capacity  (C)  =  10-6  farad;  inductance  (L)  =  3.35  X 
10-6  henry;  potential  applied  (F)  =  2  X  104  volt;  observed 
frequency  of  oscillation  ( N )  =  87  000  cycles.  If  R  be  the  total 
resistance  of  the  circuit,  including  that  of  the  wire,  or  of  the  vapor 
formed  from  it,  the  value  of  the  current  (i)  at  any  time  (<)  is  given 
by  equation  (1) 


i  =  V 


1C 

\z/e 


/?< 

2L  sin  2irNt 


(1) 


H' 


=  10  900  e  sin  2-irNt  amp. 


The  rate  of  development  of  heat  energy  in  the  wire  is  given  by 
iV,  and  its  maximum  value  is  shown  by  the  experiments  to  be 
above  107  wa+t. 

Spectrum.- — If  the  wire  is  in  open  air  the  spectrum  consists  of  a 
moderately  strong  continuous  background  upon  which  is  super¬ 
posed  a  system  of  bright  and  dark  lines.  The  latter  are  low  and 
moderate  temperature  arc  lines  while  the  former  are  either  spark 
or  high  temperature  arc  lines.  If  the  wire  is  confined  between  two 
parallel  planes  placed  2  to  10  mm  apart,  few,  if  any,  bright  lines 
appear,  the  spectrum  being  continuous,  with  numerous  absorption 
lines.  All  arc  lines  and  many  spark  lines  especially  those  of  wave¬ 
length  shorter  than  X3000  are  dark  in  the  spectrum  of  an  iron  wire. 
The  absolute  brightness  of  the  continuous  spectrum  is  approxi¬ 
mately  equal  to  that  of  a  black-body  at  20  000°C. 


Variation  of  Spectrum  with  Time  (5j. — During  the  first  half 
oscillation  the  spectrum  is  continuous  and  without  bright  lines, 
but  all  arc  lines  and  many  belonging  to  the  spark  spectrum  appear 
as  absorption  lines.  In  the  succeeding  half  oscillation  bright 
lines  appear  gradually,  the  enhanced  lines  first,  followed  in  order 
by  the  high  and  medium  temperature  arc  lines.  In  the  later 
stages  of  the  explosion,  when  the  oscillations  of  the  circuit  are  no 
longer  discernible,  even  the  low'  temperature  arc  lines  appear 
bright. 

Pressure. — In  an  open  air  explosion  the  pressure,1  which  initially 
is  high,  reaches  a  value  of  from  4  to  2  atm.  at  the  end  of  the  first 
half  cycle,  depending  upon  the  size  of  wire  employed.  During 
the  second  half  cycle  it  falls  to  a  value  not  very  much  above  that 
of  the  atmosphere.  When  the  explosion  is  partially  confined,  the 
pressure  falls  more  slowdy,  and  is  likely  to  be  considerably  above 
1  atm.  even  during  the  second  cycle.  Hence  it  follows  that  at 
these  high  temperatures  the  spectrum  is  essentially  continuous  at 
pressures  above  4  atm.;  from  4  down  to  about  2  atm.  the  continu¬ 
ous  spectrum  diminishes  somew'hat  in  intensity,  and  below  2  atm. 
it  weakens  rapidly.  Anderson  (!)  has  shown  that  the  vapors 
emitting  a  continuous  spectrum  have  a  high  opacity,  so  that  they 
appear  to  behave  very  much  like  a  black-body. 

1  Computed  from  the  measured  values  of  mass  and  volume,  assuming  a  tem¬ 
perature  of  20  000°C. 
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PHOTOMETRIC  STANDARDS 

E.  C.  Crittenden 


The  standards  of  candlepower  on  which  all  precise  photometry  is 
based  are  groups  of  carbon-filament  electric  incandescent  lamps 
maintained  in  several  national  laboratories.  These  lamps  are 
burned  at  temperatures  below  those  of  ordinary  operation  so  that 
they  change  very  slowly  with  use.  Since  1909  the  laboratories 
of  France,  Great  Britain,  and  the  United  States  of  America  have 
thus  maintained  a  common  unit  of  candlepower  variously  known 
as  the  international  candle,  British  candle,  and  bougie  decimale. 
This  unit,  together  with  the  procedure  for  maintaining  it  until  a 
reproducible  primary  standard  shall  be  evolved,  has  been  accepted 
by  the  International  Commission  on  Illumination,  which  includes 
representatives  of  Belgium,  Italy,  Spain,  and  Switzerland,  in 
addition  to  the  three  countries  named  above.  It  is  also  used  by 
the  national  laboratories  of  Japan  and  Russia,  and  has  been 
adopted  by  the  national  standards  committees  in  Australia, 
Canada,  Czechoslovakia,  Poland,  and  Sweden. 

The  Hefner  candle,  the  unit  used  in  the  Germanic  countries,  is 
0.9  of  the  international  candle,  this  ratio  being  exact  within  the 
limits  of  accuracy  with  which  comparisons  have  been  made.  The 
legal  primary  standard  on  which  this  unit  is  based  is  the  Hefner 
lamp  burning  amyl  acetate,  but  the  light  produced  by  any  flame 
depends  on  atmospheric  conditions.  The  precise  value  of  the 


Hefner  unit  actually  used  was  determined  (3)  in  1895  by  com¬ 
parisons  between  the  flame  lamps  and  electric  lamps,  and  in  recent 
years  has  been  maintained  by  the  electric  standards,  the  flame 
standard  serving  as  a  check  which  w'ould  detect  significant  changes 
in  the  electric  reference  standards.  No  drift  of  the  latter  amount¬ 
ing  to  as  much  as  1  %  has  been  found  (2>  3). 

Secondary  standards  of  the  more  recent  types  of  electric  incan¬ 
descent  lamps  (tungsten-filament  vacuum  and  gas-filled  lamps) 
have  been  established  by  different  procedures  in  the  several 
national  laboratories,  and  there  are  differences  as  large  as  3  or  4  % 
between  the  values  assigned  to  them.  The  adjustment  of  these 
differences  depends  upon  the  acceptance  of  a  standard  method  of 
comparing  lights  of  different  colors.  Experiments  and  compara¬ 
tive  measurements  leading  toward  such  an  agreement  are  in 
progress. 

hile  flame  standards  of  candlepower  are  now  little  used, 
individual  lamps  of  two  types  (Hefner,  and  Vernon-Harcourt 
10-candle  pentane)  are  tested  ard  certified  by  the  national  labor¬ 
atories.  The  variation  of  their  intensity  with  atmospheric  con¬ 
ditions  is  commonly  represented  by  an  equation  of  the  following 
form : 


I  =  70[1  +  a(e„  -  e)  -  c(760  -  b)\, 


PHOTOMETRY 


where  e  is  the  humidity  expressed  in  liters  of  water  vapor  per  cubic 
meter  of  dry  air,  e0  is  a  normal  humidity,  b  is  the  barometric 
pressure  in  millimeters  of  mercury,  /„  is  the  intensity  (candle- 
power)  of  the  particular  lamp  under  normal  atmospheric  con¬ 
ditions,  and  /  is  the  intensity  under  the  conditions  represented  by 
observed  values  of  e  and  b ;  it  is  assumed  that  variations  of  room 
temperature  have  a  negligible  effect.  The  accepted  values  of  the 
constants  are  as  follows: 


Lamp  |  eo  I  a  |  c  |  Lit. 

Hefner .  8.8  0.0055  0.(XH)15  (3,6) 

Pentane: 

Great  Britain .  8.0  0.0063  0.0008  (L  4) 

United  States .  8.0  0.0057  0.0006  (5,6,7) 

Japan  . |  8.0  |  0.0064  :  («) 


The  differences  in  the  values  of  a  for  the  penta  le  lamp  arise 
from  the  fact  that  this  “humidity  factor”  includes  a  temperature 
effect  and  that  seasonal  variations  of  humidity  have  a  systematic 
relation  to  temperature  which  is  nearly  the  same  in  England  and 


Japan,  but  different  in  America.  The  real  humiditx  factor  is 
0.0052;  this  combined  with  a  temperature  term,  -f-O.(M)  1(15  —  <>, 
brings  observed  results  in  the  three  countries  into  complete 
accord;  t  -  room  temperature,  °C.  The  variation  with  barometric 
pressure  Ls  not  actually  linear,  but  over  the  range  of  natural  pres¬ 
sure  changes  either  the  British  or  American  coefficient  gives  results 
correct  within  the  accuracy  with  which  the  lamp  will  reproduce 
its  values. 

For  very  complete  bibliography,  see  (9). 
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PHOTOMETRIC  FILTERS 

E.  C.  Crittenden 


Introduction.— In  visual  photometry,  filters  are  used  <  1 )  to 
equalize  the  intensity  or  the  color  of  the  two  lights  to  be  compared, 
(2)  to  test  the  characteristics  of  observers,  (3)  to  transmit  a  spec¬ 
tral  band  so  chosen  that  the  ratio  of  its  intensity  to  the  integral 
light  is  the  same  for  each  of  the  lights  (method  of  Crova).  The 
Crova  method  can  give  correct  results  only  when  the  filter  is 
chosen  in  accordance  with  the  spectral  distribution  of  the  particular 
sources  to  be  compared.  It  is  more  convenient  to  use  color  equal¬ 
izing  filters,  as  they  can  be  produced  much  more  easily  and  no 
error  is  introduced  by  a  failure  in  exactly  equalizing  the  colors  of 
the  lights  to  be  compared. 

Equalizing  Filters. — The  color  filters  most  commonly  used  are 
blue  glasses  and  dyed  gelatin  films  of  a  yellowish  or  amber  tint. 
These  are  not  reproducible;  individual  filters  must  be  calibrated. 

Continuously  variable  color  filters  using  the  rotatory  dispersion 
of  quartz  plates  between  nicol  prisms  have  been  devised.  The 
relative  transmissions  of  these  can  be  accurately  calculated; 

8t '  3>  9  ’. 

Reproducible  color-equalizing  filters  of  known  transmissions  can 
be  prepared  from  the  following  stock  solutions.  (.4)  Yellow 
solution:  100  g  Co  NH,  i  SO,  1.6H1O  +  0.733  g  K,Ct,Ot  4-  10 
cm*  HNOj  (d  =  1.05  g  cm3)  +  II20  to  make  1  1  of  solution  at 
20°C.  To  dilute,  use  HjO. 

/>'  Blue  solution:  5o  g  Ni(NH4)i(S0,),.6H*0  +  10  g  (Nil.  r 
SO,  +  55  cm3  NH,OH  ( d  =  0.90  g/cm1)  4-  II20  to  make  1  1  of 
solution  at  20°C.  To  dilute,  use  aqueous  solution  of  10  g  (NH,)r 
SO,  per  1  of  solution. 

These  solutions  suitably  diluted  are  used  to  equalize  various 
color  differences.  The  following  transmission  data  refer  to  a 
flicker  photometer  using  a  2°  field  and  an  effective  brightness  of 
2.5  millilambert.  Transmission  measurements  made  with  the 
usual  Lummer-Brodhun  field  (about  8°  by  15°)  give  a  somewhat 
higher  transmission  for  the  blue,  and  lower  for  the  yellow  solution. 

For  the  light  from  a  standard  4  watt-per-candle  carbon  filament 
lamp  (color  temperature  about  2077  K),  the  transmission  of  the 
diluted  yellow  solution  is  given  by  log,0  T  =  — 0.245C0  *,  and  of 
the  blue  by  logio  T  =  -0.539C'1  where  C  =  concentration  = 


number  of  cm3  of  stock  solution  (A  or  B)  per  cm3  of  the  diluted 
solution,  and  T  =  relative  transmission  of  1  cm  of  solution  at 
20°C  =  t,/t„,  where  t„  =  transmission  of  a  1-cin  cell  having 
colorless  glass  walls  and  filled  with  clear  HjO  at  20°C,  and  r,  = 
transmission  of  same  cell  filled  with  the  diluted  solution  at  20“C. 
Transmission  =  L2  /L\  where  Li[L2]  =  light  incident  upon  front 
[leaving  rear]  face  of  cell. 

For  the  light  from  a  source  with  a  spectral  distribution  of  light 
like  that  of  a  black-body  at  a  temperature  >2077°K  the  trans¬ 
mission  of  the  yellow  solution,  when  adjusted  to  give  a  color  match 
with  the  4  watt-per-candle  carbon  lamp,  Ls  given  by  logic  T  = 
— 0.366C10*;  sec  (»>  2,  3,  8). 

Filters  for  Testing  Observers. — For  a  normal  or  average 
observer  using  a  flicker  photometer  under  standard  conditions  and 
the  light  from  a  4-watt-per-candle  lamp,  the  two  following  aqueous 
solutions  have  equal  transmissions  at  20°C  when  contained  in  1-cm 
cells  of  colorless  glass.  Yellow  solution:  72  g  K2Cr2()7  to  1  1 
solution  at  20°C.  Blue  solution:  57  g  CuS0,.5H20  to  1  1  solution 
at  20°C;  see  (2,  4,  6,  7). 

Filters  for  Physical  Photometers.  Any  receiver  which  responds 
to  radiant  energy  in  a  definite  and  quantitative  manner  can  be 
used  as  a  photometer  if  covered  by  such  a  filter  that  the  resultant 
spectral  sensitivity  curve  is  like  that  of  the  eye.  All  such  known 
receivers  which  are  accurately  reproducible  arc  non-sclective,  and 
for  such  the  best  filter  appears  to  be  a  1-cm  thickness  of  the 
following  solution,  supplemented  by  clear  II2()  sufficient  to  absorb 
practically  all  the  infra-red  (about  2  cm):  61.25  g  Cu(’l|.2H,0  ■+■ 
14.5  g  Co(NH,)i(SO,)2.6HjO  4-  1.9  g  K,CH ».  •  H,< »  to  make  1  1; 
see  (*<  6). 

LITERATURE 

(For  a  key  to  the  periodicals  see  end  of  volume' 

(*)  Buckley  and  Brookes,  Stt.  18:  239;  26.  (*  Crittenden  and  Kicbtinyer. 
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DEFINITIONS1  AND  SYMBOLS 

1.  The  efficiency  of  a  source  is  the  ratio  of  the  total  luminous 
flux  to  the  total  power  consumed  (A.  E.  S.  C.  46)(£’»). 

2.  The  luminous  efficiency  of  the  radiation  from  any  source  is 
the  ratio  of  the  luminous  flux  to  the  radiant  flux  from  the  source 
(A.  E.  S.  C.  22 )(E). 

3.  The  visibility  factor  for  the  radiation  of  a  particular  wave¬ 
length  is  the  ratio  of  the  luminous  flux  at  that  wave-length  to  the 
corresponding  radiant  flux  (A.  E.  S.  C.  18)  (Fx).  (It  is  the  lumi¬ 
nous  efficiency  of  monochromatic  radiation  of  that  wave-length.) 

4.  The  relative  luminous  efficiency  of  a  source  or  a  radiation  is 
the  ratio  of  its  efficiency  to  that  of  monochromatic  radiation  of 
maximum  efficiency  (about  X  =  0.5 i>i>n){Esr,  Er). 

5.  The  relative  visibility  factor  for  a  particular  wave-length  is 
the  ratio  of  the  visibility  factor  for  that  wave-length  to  the  maxi¬ 
mum  value  of  the  visibility  factor  (A.  E.  >S.  C.  19)(FXr).  (It  is  the 
relative  luminous  efficiency  of  monochromatic  radiation  of  that 
wave-length.) 

6.  Mechanical  equivalent  of  the  light  of  a  given  radiation  = 
power  radiated  per  unit  of  luminous  flux  emitted  =  reciprocal  of 
the  luminous  efficiency  of  the  radiation. 

7.  Least  mechanical  equivalent  of  light  =  mechanical  equivalent 
of  monochromatic  radiation  of  greatest  luminous  efficiency  (about 
>  =  0.555m)  (wr). 

If  L  =  total  luminous  flux,  R  =  total  radiant  flux,  L  =  [  _ 

L\ dX  =  f  FxftxdX,  R  = 

E/(V\)  maj.  =  mE. 

The  value  found  for  L,  and  hence  for  m,  depends  to  some  extent 


0.523  0.467  .  , 

H-  —  — Mi  X  is  the  wave-length  of  the  radiation  considered. 

Mechanical  equivalent  =  m/V\r,  m  =  the  least  mechanical 
equivalent  of  light  =  0.00161  watt/lumen;  luminous  efficiency  of 
the  radiation  =  FXr/m.  Unit  of  X  =  0.001m  =  10  A;  of  V\,  = 
1%,  see  Fig.  1;  see  also  (2»  9.  1 1 1  is.  19,  20). 


X 

FXr  | 

1  Xr 

X 

I'xr 

400 

0.04 

530 

86.2 

660 

6.1 

410 

0.12 

540 

95.4 

670 

3.2 

420 

0.40 

550 

99.5 

680 

1.7 

430 

1.16 

560 

99.5 

690 

0.82 

440 

2.3 

570 

95.2 

700 

0.41 

450 

3.8 

580 

87.0 

710 

0.21 

460 

8.0 

590 

75.7 

720 

0.105 

470 

9.1 

600 

63.1 

730 

0.052 

480 

13.9 

610 

50 . 3 

740 

0.025 

490 

20.8 

620 

38.1 

750 

0.012 

500 

32.3 

630 

26 . 5 

760 

0 . 006 

510 

50.3 

640 

17.5 

520 

71.0 

650 

10.7 

f0°°R\d\,  E  =  L/R,  Er  =  E/(EX), 


upon  the  conditions  of  observation  (intensity  of  illumination,  size 
of  field,  type  ot  photometer,  etc.).  As  there  is  no  general  agree¬ 
ment  regarding  what  these  conditions  should  be,  the  following 
data  have  a  tentative  character  and  those  obtained  by  different 
observers  are  not  always  comparable. 

Taiilk  1.— Relative  Visibility  Factor  (FXr)  of  Monochro¬ 
matic  Radiation  (7) 

These  values,  applying  to  photometric  fields  of  relatively  high 
brightness,  have  been  tentatively  adopted  by  the  International 
Commission  on  Illumination.  They  are  accurately  represented 
by  the  formula:  FXr  =  0.9896(ft,e1-*i)2°°  +  0.0820(7? ,eI-R'>) »°  + 
0.0650(rt,e»-*.)*°oo  +  0 .0375(7iVi-*«)630,  where  the  ft’s  are  pure 

numbers  defined  by  the  equations  X  =  M  =  -®0-m  = 

Hi  R  2 

1  The  definitions,  that  are  followed  by  the  letters  A.  E.  S.  C.  and  a  number,  are 
those  given  by  the  American  Engineering  Standards  Committee,  and  follow 
closely  those  adopted  by  the  International  Illumination  Commission.  The 
remaining  quantities  are  not  defined  by  those  bodies,  and  it  has  accordingly 
been  necessary  to  complete  the  list  by  definitions  so  worded  as  to  be  consistent 
with  those  adopted  Various  authorities  differ  in  terminology,  and  the  defini¬ 
tions  here  given  are  not  those  elsewhere  used  and  advocated  by  the  writer. 


Table  2. — Least  Mechanical  Equivalent  of  Light 

Value  for  green  Hg-line,  X  =  5461  A,  was  derived  from  direct 
radiometric  and  photometric  measurements;  that  for  black-body 
(B.  B.),  from  photometric  measurements  and  computation  of  total 
radiation,  using  indicated  values  of  a  and  C 2;  that  for  carbon  lamp 
(C.  L.),  from  measurement  with  and  without  a  luminous  efficiency 
screen.  In  column  I  Xr  is  indicated  the  relative  visibility  factor 
used  in  the  reduction;  m0[m]  =  value  of  the  least  mechanical 
equivalent  as  reported  by  observer  (as  corrected  to  basis  of  Table 
1.  a  =  5.709  X  10-12  watt  cm--  deg-4,  and  C2  =  14  330  micron 
degree).  The  value  found  for  m  depends  to  some  extent  upon  the 
conditions  of  observation  (illumination,  size  of  field,  type  of 
photometer),  and  there  is  no  general  agreement  regarding  what 
these  conditions  should  be.  Unit  of  <r  =  10-12  watt  cm-2  deg-4; 
of  Cj  =  micron  degree;  of  rn0  and  m  =  0.001  watt  lumen-1. 


Source 

7  ,  CK  a  I  C2  \  V Xr  [  mo 

m 

Lit. 

5461  A 

5461  A 
and  C.  L. 

(Assumed  to  be  X  of  max.  efficiency) 

inn 

1.44 

1.59 

1.42 

1.61 

(») 

(14,  m 
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Table  2. — ( Continued I 


Source 

T,  °K 

!  a 

c, 

Wr 

mo 

m 

Lit. 

Gas 

Color 

5461  A 

(Observations  of 

C.  E.  (2) 

1.61 

1.61 

(3) 

Br 

Blue-white . 

o«, 

IS) 

Cd 

Blue-white . 

B.  B. 

5.7 

14  350 

H.  F.  C.  (9) 

1.50 

(9) 

Cl 

Blue . 

B.  B. 

5.7 

14  350 

C.  E.  (2) 

1.65* 

(3) 

Cs 

Blue-white . 

B.  B. 

1  336  (Au) 

t 

14  300 

I  (") 

1.68 

(8) 

F 

B.  B. 

1  336(Au) 

t 

14  350 

I  (“) 

1.59 

1 .62 

(8) 

H 

Red . 

5.  B. 

2  035(l’t) 

5.7 

14  330 

G.  T.  (7) 

1.61 

1.61 

(i3) 

He 

White . 

Recommended  value 

1.61 

Hg 

Blue-green* . 

*  Rpcoinputation  of  observations  (9);  here  corrected  to  agree  with  their  later 
values  (10).  t  Ci  =  3.704  X  10~15  watt  cm5. 

Table  3. — Luminous  Characteristics  of  a  Black-Body 
The  relative  luminous  efficiency  (Er)  of  the  radiation  from  the 
black-body  is  computed  on  the  bases  of  Table  1  and  the  radiation 
constants  (<r  =  5.709  X  10 '12  watt  cm'1  deg-*,  C2  =  14  330 

deg)  chosen  for  I.  C.  T.  (c/.  (17)).  Er  =  (Jq  '  Xn/x dX^  4- 

ff  J\ dX^  ;  J\  =  monochromatic  intensity  of  the  radiation.  B  = 

brightness  if  least  mechanical  equivalent  =  0.00161  watt  lumen-1; 
B  =  6  X  10";  Er  =  e  X  10"'.  Unit  of  B  =  1  candle  cm-2. 


micron 


£-1 

Er 

B 

* 

e 

n' 

b 

n 

1  200 

6.02 

-6 

1.41 

_  2 

1  400 

5.57 

-5 

2.42 

-i 

1  600 

2.82 

-4 

2.08 

0 

1  700 

5.41 

-4 

5.10 

0 

1  750 

7.26 

-4 

7.69 

0 

1  800 

9.57 

-4 

1.13 

+1 

1  850 

1.24 

-3 

1.64 

1 

1  900 

1.58 

-3 

2.32 

1 

1  950 

1.98 

-3 

3.23 

1 

2  000 

2.46 

-3 

4.44 

1 

2  050 

3.01 

-3 

5.96 

1 

2  100 

3.64 

-3 

7.98 

1 

2  150 

4.36 

-3 

1.05 

2 

2  200 

5.17 

-3 

1.37 

2 

2  250 

6.06 

-3 

1 . 75 

2 

2  300 

7.06 

-3 

2.23 

2 

2  350 

8.16 

-3 

2.81 

2 

2  400 

9.35 

-3 

3.50 

2 

2  450 

1.07 

_2 

4.33 

2 

2  500 

1.20 

-2 

5.31 

2 

2  550 

1.35 

_  2 

6.45 

2 

2  600 

1.51 

-2 

7.80 

2 

2  650 

1.68 

-2 

9.34 

2 

3  000 

3.09 

2.83 

3 

4  000 

8.07 

2.33 

4 

5  000 

1.190 

-1 

8.40 

4 

6  000 

1.353 

-1 

1.98 

5 

7  000 

1.352 

-1 

3.67 

5 

8  000 

1.258 

-1 

5.82 

5 

10  000 

9.87 

-2 

1.115 

6 

Table  4.  (Continued 


*  ni'TWiTIl  X  “  ww  aim  . . . 

rations  of  f«»  I0),  as  recomputed  to  basis  Ct  -  14  330  but  are  a  littl-  greater; 
greatest  difference  is  1.2  <"«. 

Table  4.  Luminous  Efficiency  of  Radiation  from  Elec- 


I 

K 

Kr 

Li 

N 

Na 

Ne 

O 

P 

Itb 

S 

Se 

T1 

Xe 

Zn 


White . 

Purple . 

Violet . 

Red . 

Yellow-orange . 
Yellow . 

Red-orange  . 
Blue-white.  .  .  . 
Blue-white.  .  .  . 

Red . 

Blue-white. 


Green-white . 
Blue-green. . 


E  Er 

0.06 

0.01 

1 .6 

0.26 

0 . 08 

0.01 

<0.4 

<0.06 

0.  Ip 

0 . 02  p 

0 . 08 

0.01 

44 

0.71 

11 

1 .82 

126 

20 . 3 

1 . 1 

0.18 

1 .8 

0.28 

<0.6  p 

<  0 . 1  p 

f 

4- 

1.6 

0.26 

214 

34 

23.0 

3 . 6 

0.05 

0.01 

§ 

0.24 

0.04 

0.89 

0.14 

Op 

Op 

0.08 

0.01 

<lp 

<0.20p 

0.13 

0 . 02 

1  IUI  /V  Lili  I 

E  =  luminous 

efficiency;  Er 

=  relative  luminous 

efficiency; 

Lamp 

Rating 

color  =  color  of 

light  emitted; 

p  =  probably.  Unit 

of  E  =  1 

Incandescent  electric: 

lumen  watt;  of  E 

,  =  1%. 

Carbon . 

.  .  4  w.p.c. 

Gas  | 

Color 

1  K 

E^ 

T reated  carbon  * . 

1.25  w.p.c. 

\  1  Red 

0.24 

0.04 

Tungsten,  vacuum .  .  . 

dim)  cp..  20  amp. 

As 

0 

0 

w.p.c. 

*  Without  condenser,  t  With  0.14  microfarad  condenser  in  parallel  with  tube, 
t  Vapor  pressure  too  low  for  continuous  discharge.  5  Too  low  to  measure 

'able  5. —  Relative  Luminous  Efficiency  ( Er )  of  Radiation 
from  Commercial  Illuminants  (16 
U  nit  of  =  1  % 


Source 

Description 

E. 

Incandescent  electric  lamps: 

Carbon,  point  source . 

4  w.p.c.,  99  volt 

0  45 

Tungsten,  vacuum . 

9.16  volt,  1.25  w.p.c. 

1.65 

Tungsten,  vacuum . 

97.0  volt,  1.1  w.p.c. 

1.84 

Tungsten,  vacuum . 

102.6  volt,  1  w.p.c. 

1 . 99 

Tungsten,  nitrogen . 

6.6  amp.,  0.65  w.p.c. 

2.93 

Mercurv  arc . 

1.7  amp.,  Pfund  type 

30.5 

Nernst  glower . 

0.8  amp.,  stereopticon  type 

1  1 18 

Gas  lamps: 

Incandescent  mantle 

0.25%  ceria 

0.5 

Incandescent  mantle . 

0.25%  ceria 

0.7 

Incandescent  mantle . 

0.75%  CeOj,  solid  chimney 

l  s 

Incandescent  mantle . 

0.75%  CeOj,  perforated 

1  26 

Incandescent  mantle. 

chimney 

2%  ceria 

0.8 

Open  burner . 

Standard  candle . 

Sperm 

0. 19 
0.24 

Table  6. — Efficiencies  of  Commercial  Illuminants  12 
Rating  =  commercial  rating  of  lamp;  E,  luminous  efficienc> 
of  lamp;  E„  =  relative  luminous  efficiency  of  lamp  mE„  m 
least  mechanical  equivalent  of  light;  w.p.c.  -  watts  per  mean 
horizontal  candlepower;  cp.  =  candlepower;  amp.  ampere; 
D.C.  [A.C.]  =  direct  [alternating]  current;  BTU  British  thermal 
unit;  h.p.[l.p.]  =  high  (low)  pressure;  60  =  60  cycles  per  second. 

I  ’nit  nf  F.  =  1  lumen  ner  wait  consumed;  of  En  1' 


I  E.  E.r 

0.42 
13 
3.2 


!  2.6 
8 

19.6 


INTKR N  ATIONAL  CRITICAL  TABLES 


•138 


Table  6. —  (Continued) 


Lamp 

Rating 

1  E. 

E.r 

Incandescent  electric  ( Cant'd ) 
Tungsten,  Mazda-C . 

500  watt,  multiple,  7 

15 

2.4 

Electric  arc: 

Carbon,  open 

w.p.c. 

9.6  amp.,  clear  globe 

11.8 

1.9 

Carbon,  enclosed  f 

6.6  amp.,  D.C. 

5.9 

0.96 

Carbon,  enclosed  f . 

7.5  amp.,  A.C '. 

5.6 

0.91 

Magnetite . 

6.6  amp.,  D.C. 

21.6 

3.5 

Mercury  in  glass . 

40  to  70  volt,  3.5  amp. 

23 

3.7 

Mercury  in  quartz . 

147  to  197  volt,  4.2 

42 

6.8 

Flaming, }:  enclosed: 

White,  carbon . 

amp. 

10  amp.,  A.C. 

26.7 

4.3 

White,  carbon . 

6.5  amp.,  D.C. 

35.5 

5.8 

Yellow,  carbon . 

10  amp.,  A.C. 

31.4 

5.1 

Yellow,  carbon . 

6.5  amp.,  D.C. 

34.2 

5.5 

Flaming,  J  open: 

White,  inclined . 

10  amp.,  A.C. 

29 

4.7 

White,  inclined . 

10  amp.,  D.C. 

27.7 

4.5 

Yellow  inclined . 

10  amp.,  A.C. 

41.5 

6.7 

Yellow,  inclined . 

10  amp.,  D.C. 

44.7 

7.2 

Moore  nitrogen  tube . 

220  volt,  60  ~,  113.17 

5.21 

0.85 

Nernst  lamp . 

ft. 

4.8 

0.77 

Table  ti. — (Continued) 


Lamp 

Rating 

E. 

E„ 

Gas  lamps: 

Acetylene . 

1.0  liter  per  hr 

0.67 

0.11 

Incandescent,  l.p . 

0.350  lumen  per  BTU 
hr"1 

1.2 

0.19 

Incandescent,  h.p . 

0.578  lumen  per  BTU 
hr-1 

2.0 

0.32 

Open  flame . 

Petroleum  lamp . 

Bray  6  in.,  h.p. 

0.22 

0.26 

0.036 

0.04 

*  Oval,  anchored  filament. 


t  Inner,  light  opal;  outer,  rlear;  lamp  provided  with  street  reflector.  A 
resistance  is  in  series  with  the  A.C.  arc. 

+  Ornamental  type  of  lamp,  clear  globe,  standard  electrodes,  series  resistance. 
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Part  I 

The  Photochemical  Equivalent  of  the  Silver  Halides  (10j;  cf. 

(9,  38,41,42,43) 

Zhv  =  sum  of  quanta  absorbed  per  cm2,  A'a*  =  number  of 
silver  atoms  produced  per  cm*  without  development,  A  Zhv 
photochemical  equivalent. 


Fast  plate  | _ Process  plate 


10-‘« 

X  Zhv 

A J/Zhv 

10",# 

X  Zhv 

mzh' 

io-“ 

X  Zhv 

N/Zhe 

10““ 

X  Zhv 

N/Zhe 

0.39 

0.88 

3 . 00 

0  92 

0.85 

11  s_> 

5.50 

0.79 

0.41 

0  88 

6.00 

0  79 

0.95 

0  88 

6.40 

0.78 

0.68 

0.93 

8.00 

0  71 

1.80 

1 .08 

9.20 

0.73 

0.90 

1  .01 

8.80 

0.67 

2  80 

1 .06 

11.40 

0.62 

0.99 

0.92 

9.30 

0  68 

3.40 

0.83 

22.50 

0.38 

1.76 

2.30 

11  99 

0  98 

13.00 

0.50 

4.70 

0 .76 

30.00 

0.33 

The  Silver  Reduction  Equivalent  of  Photographic  Developers 
By  silver  reduction  equivalent  (E a«)  is  meant  the  number  of 
atoms  of  metallic  silver  reduced  per  molecule  of  developer  oxidized. 
Temperature  =  20°C  and  Ag  is  added  as  excess  AgBr  except  as 
otherwise  indicated. 


Gram* 

devel¬ 

oper 

Grams  alkali 

Grams 

NaiSOa 

Vol., 

cm3 

Duration  of 
experiment 

■^Ag 

Lit. 

1 

Quinol 

1.4 

KsCOs,  20 

20 

ca.  300 

20  min 

4.3 

(l) 

1.4 

KsCOs,  20 

20 

ca.  300 

20  min 

5.0* 

(*) 

1.4 

KsCOa,  20 

20 

ca.  300 

30  min 

4.3 

(*) 

1.4 

KsCOs,  20 

20 

ca.  300 

60  min 

7.8 

C) 

o.n 

NaOH,  2.2 

0 

25 

6  hr 

6.4 

CD 

0.11 

NaOH,  2.2 

0 

25 

6  hr 

9.3t 

CD 

0.11 

NaOH,  2.2 

0 

25 

18  da 

7.8 

CD 

0.055 

NaOH,  2.2 

0.003 

25 

18  da 

7.8 

CD 

0.055 

NaOH,  2.2 

0.63 

25 

18  da 

8.9 

CD 

0.055 

NH.OH,  oq.  20t 

0 

40 

8  da 

8.0$ 

CD 

0.055 

NaOH,  2.2 

0 

25 

15  hr 

10.511 

CD 

2. 

Pyrogallol 

NH.OH 

0 

ca. 

CD;  cf. 

CD 

0.003 

NaOH,  2.2 

0 

25 

1  hr 

3.2 

CD 

0.003 

NaOH.  2.2 

0.315 

25 

1  hr 

3.4 

CD 

3.  Pyrocatechol 

0.055 

NaOH,  2.2 

0 

25 

2  hr  or  21  da 

45 

CD 

0.055 

NaOH.  2.2 

0.315 

25 

21  da 

5.9 

CD 

1.4 

KsCOs,  20 

20 

ca.  300 

21  min 

1.9 

C) 

4.  p-Aminophenol 

1.4 

KsCOs.  20 

20 

ca.  300|  20  min 

3.9 

C) 

Silver  Reduction  Equivalent. — (Continued 


Grams 

devel¬ 

oper 

11  1  Crams  Vol., 

Grams  alkali 

Na*i>Oa  cm* 

Duration  of 
experiment 

Li 

S.  o-Aininoph 

•nol 

1.4 

KsCOs,  20  20 

|c(S.  3001 

20  min 

0.7 

(D 

6.  Chlorquinol 

1.9 

KsCOs,  20  20 

150 

1  hr 

6.7  | 

(D 

7.  Quinonr 

0.054 

NaOH.  2.2  0 

25! 

1  hr 

3.9 

CD 

0.054 

NaOH,  2.2  0. 

63  25 

1  hr 

4.9  | 

CD 

8.  Hydrc 

>xylamine  as  NH  *011.110 

0.70 

NaOH,  25** 

100 ! 

60  min 

1.1 

CD 

0.70 

NaOH.  50** 

100 

60  min 

0.08 

(34) 

0.70 

NaOH,  12.5** 

100 

60  min 

1.01 

CD 

0.70 

NaOH.  12.5** 

100; 

60  min 

1  .  CK) 

CD 

0.044 

NH.OH 

60  min 

2.00 tt 

(34) 

9. 

Hydrogen  peroxide 

1.720 

NaOH 

60  min 

1.00 

C4 

*  Excess  AgBr  added  progressively.  i]  Ag  as  excess  AgjO. 

■f  t  =  95-100°.  T  Ag  as  excess  arnmoniacal  AgNOi. 

J  Sp.  gr.  0.9.  **  cm*  of  l.V  NaOH. 

§  Ag  as  AgNOa,  1.7  g.  tt  Ag  as  arnmoniacal  AgtO. 

It  is  clear  that  the  so-called  silver  equivalent  of  a  given  develop¬ 
ing  agent  varies  with  the  other  constituents  of  the  developer,  the 
temperature,  duration  of  run,  and  the  form  and  manner  in  which 
the  silver  is  added.  Gordon  (3  '  found,  further,  that  the  equivalent 
varies  markedly  with  the  method  of  shaking.  It  is  probable  that 
none  of  the  values  represents  an  equilibrium  system  and  all  are 
therefore  to  be  regarded  as  tentative.  Liippo-Cramer  (24), 
believes  all  determinations  on  silver  halides  in  absence  of  emulsify¬ 
ing  substances  to  be  without  photographic  significance. 

Photographic  Development  Velocity  Functions  and  Constants 

The  rate  of  development  may  be  measured  by  the  increase  of 
density,  D,  at  a  single  exposure  with  time  of  development,  l,  or 
more  satisfactorily,  and  in  closer  relation  to  photographic  theory 
and  practice,  by  the  increase  of  gamma,  y,  (constant  or  develop¬ 
ment  factor)  with  time,  t. 

The  function  for  (y,  t)  will  be  of  the  same  form  as  for  (/),  f), 
provided  the  straight  line  portions  of  the  characteristic  curves 
(q.v.,  p.  442)  meet  on  the  axis  of  exposures.  If  they  converge  to  a 
point  below  the  axis,  as  when  soluble  bromide  is  present,  then  if  a 
is  the  depression  of  density  at  the  convergence  point  (cf.  (28'  the 
function  for  (D  +  a),  t  will  be  the  same  as  for  7,  t. 

For  some  emulsions  the  convergence  point  is  above  the  axis,  in 
which  case  the  function  for  7,  t  should  be  compared  with  ( D  a),  t. 


Forms  of  Development  Velocity  Kg  cation 


Log 

form 

Exponential  form 

First 

derivative 

Lit. 

1 

Ji 

11 

n 

ft 

1  ? 

1) 

I) 

=  Dm(  1 

-  e~Kt) 

d  l> 
di 

=  K(D. 

D) 

(37) 

2 

K(t  —  to)  =  log 

1) 

IK 

„  -  D 

D 

=  IK(  1 

—  £“  A  (<—<•)) 

d  D 
dt 

=  K  1  Dm 

D) 

(37) 

3 

K  (log.  t  -  log. 

to) 

=  log. 

IK 

Dm  -  D 

D 

=  D.(l 

—  C~K  log,  t/to) 

d/> 

d/ 

-  - 

I))  =  Kt~'(D. 

-  D) 

)28) 

4 

log,  K  +  b  log. 

(t 

—  to)  = 

log,  log. 

IK 

IK  -  I > 

D 

=  Dm(  1 

_  f-A-«-t.)b) 

d  D 
<1 1 

=  KbC-'(I) 

-  -  D) 

t44) 

5 

Kt  -  log,  ^ 

I) 

d 

(d  +  h)(D.  - 

i  »• 

«>  l"l!'  !>.  -  1’ 

<1 1) 
d  t 

K  ,  1 
hi  l)K 

11  ^  (D  — 

Di  +  .r  ‘ 

D) 

(33) 

K  =  velocity  constant  of  development,  t  =  time  of  development  in  any  unit  selected,  to  empiric  ■>.'  <>rrt  tion  for  the  induction 
period  in  development.  D„  =  theoretical  silver  image  density  at  infinite  development.  D  =  measured  silv.-r  image  density  at  time  t. 
a,  b,  d,  h  =  empirical  constants,  pi  =  /)«  as  used  in  1-4.  In  5,  Dm  represents  the  mass  (unknown  of  the  latent  image 


Equation  1  holds  only  for  simple  iron  oxalate  development, 
and  for  pyrogallol-soda  (fairly).  Equation  2  is  of  much  wider 
application  but  in  many  cases  fails  in  the  advanced  stages  of 
alkaline  development.  Equation  3  has  been  found  generally 
satisfactory  by  Nietz  (28)  in  his  extensive  experimental  work. 


Equation  4  is  equally  satisfactory  and  ■-ometiines  holds  over  a 
wider  range  but  is  more  difficult  of  application.  Equation  5  is 
of  theoretical  significance  as  being  based  upon  the  conception  of 
the  reversibility  of  the  development  pnxv.-s;  it  contains  too  many 
undeterminable  terms  to  be  practically  useful. 
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Development  Velocity  Constants  and  Related  Data  for 
Various  Den  elopers  on  the  Same  Emulsion  (28) 

Each  developer  contained  50  g  Na2SO.i,  50  g  Na2C03  and  1.19  g 
KBr  per  liter.  Developing  agents  marked  with  an  asterisk  were 
of  high  purity,  and  others,  excepting  only  edinol,  duratol  and 
eikonogen,  which  were  the  commercial  product,  were  of  better 
than  commercial  quality.  I)x,  to,  K  as  previously  defined. 


Y„  =  theoretical  plate  contrast  reached  on 

infinite 

development 

Developing  agents  all  at  0.05 

Constants  of  Eq. 

3 

mola!  concn. 

IK 

Too 

\to,  min 

K 

Toluquinol . 

4.40 

1.67 

1.35 

0.63 

Diaminophenol  +  alkali* . 

4.2 

1.40 

0.6 

0 . 60 

p-Aminophenol* . 

4.2 

1.84 

1.0 

0.44 

p-Amino-m-cresol . 

4.0 

1.33 

1.24 

0.72 

Met  hyl-p-amino-o-e  resol . 

4.0 

1.26 

0.33 

0.60 

Pyrogallol* . 

4.0 

1.22 

0.78 

0.57 

( 'hlorquinol* . 

4.0 

1.82 

1.3 

0.52 

Quinol* . 

3.8 

1.26 

1.80 

0.95 

Dibromquinol . 

3.8 

1.27 

0.80 

0.80 

p-Amino-o-c  resol . 

3.8 

1.27 

0.87 

0.70 

Bromquinol . 

3.8 

1.73 

1.27 

0.66 

Eikonogen . 

3.8 

1.43 

1.7 

0.47 

Monomethyl-p-aininophenol* . 

3.6 

1.50 

0.70 

0.58 

Diaminophenol,  no  alkali . 

3.6 

1.63 

0.36 

0.55 

Pyrocatechol . 

3.6 

1.68 

0.60 

0.52 

Dichlorquinol . 

3.6 

1.29 

0.80 

0.53 

Edinol . 

3.6 

1.22 

1.9 

0.46 

Phenylhydrazine,  no  alkali . 

3.5 

8.5 

0.03 

p-Dimethylaminophenol . 

3.2 

1.18 

0.75 

0.61 

Ferrous  oxalate* . 

3.1 

1.29 

0.97 

0.55 

Benzyl-p-aminophenol  (duratol) .... 

2.4 

0.98 

2.27 

0.34 

p-Phenylenediamine . 

1.7 

0.58 

2.10 

0.34 

The  Temperature  Coefficient  of  Development 

Sheppard  and  Mees  (3S)  found  that  in  the  case  of  ferrous  oxalate 
development  the  temperature-development  velocity  relation  was 
represented  quite  accurately  by  the  integrated  form  of  the  Van’t 

A 

Hoff  reaction  isochore:  log  K  =  —  yj,  +  C,  where  K  —  develop¬ 
ment  velocity  constant,  A,  C  =  experimentally  determined 
characteristic  constants,  T  =  absolute  temperature. 

The  temperature  coefficient  for  any  development  process  for 
which  the  above  relation  holds  is  given  by: 

Kt  +  10 

«io  =  - is — 

A  T 

Ferguson  (1J)  has  proposed  and  successfully  applied  to  general 
alkaline  development  the  formula 

,  v.  log  M  -  log  m 
l0g  b  =  - At - 

in  which  b  =  temp,  coeff.  for  1°C.  M,  m  =  time  of  development 
giving  equal  factors  at  the  higher  and  lower  temperatures,  respec¬ 
tively.  At  —  temp,  difference  in  °C. 


Temperature  Coefficient  of  Development 


Developing  agent 

Plate  or  emulsion 

Otio 

Lit. 

Ferrous  oxalate . 

“A” 

1.60 

(37) 

Ferrous  oxalate . 

“B” 

1.90 

(37) 

Ferrous  oxalate . 

“C” 

1 .70 

(37) 

Hydroxylamine . 

“C” 

2.00 

(37) 

Quinol . 

“B” 

2.20 

(37) 

Quinol . 

“C" 

2.80 

(37) 

Quinol  (tabloid) . 

2.25 

(4°) 

p-Aminophenol . 

“C” 

1.50 

(37) 

Metol . 

1 . 25 

(37) 

Pyrocatechol . 

“  B” 

2.80 

(37) 

Glycine  (tabloid) . 

2.3 

(40) 

Metol-quinol . . 

1.9 

(40) 

T emperature  Coefficient. — ( Continued ) 


Developing  agent 

Plate  or  emulsion 

«I0 

Lit. 

Rytol  (tabloid) . 

2  2 

(40) 

Rodinal  (p-aminophcnol) . 

1.9 

(40) 

Pyrogallol  soda,  no  bromide . 

1 . 5 

(40) 

Pyrogallol  soda  with  bromide . 

1.9 

(40) 

Pyrogallol  soda,  no  bromide . 

Wratten  Pan- 

2.0 

(20) 

Pyrogallol  soda,  no  bromide . 

chromatic 
Imperial  Ordi- 

1.71 

(12) 

Pyrogallol  soda,  no  bromide . 

nary 

Wratten  Inst  an- 

1 . 68 

(12) 

Pyrogallol  soda,  no  bromide . 

taneous 

Ilford  Empress 

1.55 

(12) 

Pyrogallol  soda,  no  bromide . 

Imperial  Special 

1.76 

(!2) 

Pyrogallol  soda,  no  bromide . 

Rapid 

Ilford  Special 

1.85 

(12) 

Pyrogallol  soda  ,  no  bromide . 

Rapid 

Wellington 

1.99 

(12) 

Pyrogallol  soda,  no  bromide . 

Rapid  Special 
Barnet  Extra 

2.01 

(12) 

Pyrogallol  soda,  no  bromide . 

Rapid 

Monarch 

1.9 

(12) 

Pyrogallol  soda  with  0.1%  bro- 

Barnet  Extra 

2.01 

(12) 

mide* . 

Pyrogallol  soda  with  0.1%  bro¬ 
mide  * . 

Rapid 

Ilford  Empress 

2.09 

(12) 

*  Ferguson’s  results  (12)  for  bromided  pyrogallol,  only  two  of  which  are 
quoted  for  illustration,  gave  a  temp. -coeff.  of  approximately  2  for  all  the  plates 
tested,  irrespective  of  the  unbromided  values.  Bromide  apparently  stabilizes 
the  temp. -coeff.,  eliminating  the  emulsion  effect  observed  by  Sheppard  and  Meet* 
(37).  Watkins  records  a  like  conclusion  (40).  The  temp. -coeff.  of  a  developer 
is  in  general  independent  of  its  dilution. 


Suggested  Watkins’  Factors  (40) 


Multiplication  of  the  time  of  first  appearance  of  the  image  by 
the  suggested  factor  should  give  a  negative  of  average  contrast; 
the  factor  may  then  be  adjusted  to  fit  the  peculiar  requirements 
of  the  individual  worker.  Where  the  factor  is  evenly  divisible  into 

.  Time  of  appearance  in  seconds 

60,  a  divisor  is  given:  - 


Divisor 


=  correct 


development  time  in  minutes. 

Except  in  the  case  of  pyrogallol  and  amidol  the  factor  is  inde¬ 
pendent  of  the  developer  strength.  Variation  in  alkali  does  not 
alter  the  factor. 


For  sky,  snow,  and  water  negatives  use  a  somewhat  smaller 
factor,  e.g.,  %  normal.  For  negatives  devoid  of  high  lights  calcu¬ 
late  development  time  on  the  basis  of  of  time  of  appearance. 


grams/fl.  oz. 

mg 

1  ml 

Developer 

developer 

developer 

Factor  (and 

Pyro 

Bro- 

Pyro 

Bro- 

divisor) 

mide 

mide 

1 

0 

2.16 

0 

18 

Pyrogallol  with 
Na2C03 . 

2 

3 

0 

0 

4.32 

6.48 

0 

0 

12  (div.  5) 

10  (div.  6) 

4 

0 

8.64 

0 

8 

5 

0 

10.80 

0 

6.5 

1 

2.16 

n  25 

o  54 

9 

Pyrogallol  with 
Na2C03 . 

2 

4.32 

0.5 

1.08 

5  (div.  12) 

3 

6.48 

0.75 

1 . 62 

4.5 

4 

8.64 

1 

2.16 

4  (div.  15) 

8 

17.28 

2 

4.32 

3.25 

Adurol . 

Kachin . 

Pyrocatechol . 

Pyrocateehol  cristoid . 

Quinol  (minimum  bromide) 


5  (div.  12) 
10  (div.  6) 
10  (div.  6) 
30  (div.  2) 

5  (div.  12) 
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Developer 

Qninol  (maximum  bromide). .  . 

Eikonogen . 

Metol  (Elon) . 

Glycine  with  Na,CO, . 

Glycine  with  KjCOj . 

p-Aminophenol . 

Amidol  (2  grains/fl.  oz) . 

Rodinal . 

Ortoi . 

Diogen . 

Edinol . 

2,  4-Diaminophenol  (diiuiol) 

Quinomet . 

Metol-quinol* . 

*  The  factors  of  combination  developers  depend  upon  the  proportion  of  the 
two  constituents,  and  when  they  contain  pyrogallol,  no  rule  can  be  given  for 
finding  the  factor  when  diluted.  The  use  of  potash  as  an  alkali  instead  of  soda 
seems,  with  most  developers,  to  require  factors  from  one-quarter  to  one-half 
longer. 

Reduction  Potentials  of  Developers 

The  reduction  potentials  of  developers  were  originally  defined 
electrochemically  C4)1  but  it  has  been  shown  that  stable  potentials, 
corresponding  to  equilibrium  mixtures  of  reducer/oxidation- 
products,  are  not  obtainable  for  alkaline  organic  developers  (35). 
Relative  reduction  potentials  were  defined  by  Sheppard  by  rela¬ 
tion  to  the  theoretical  equilibrium  in  development,  and  an  empiri¬ 
cal  method  of  determining  them  worked  out  (34). 

The  relative  reduction  potentials  7rnr  determined  by  the  bromide- 
depression  method  of  Sheppard  as  applied  by  Nietz  (28)  is  defined 
by  the  equation 

TBr  =  kCo 

where  Cu  is  the  concentration  of  KBr  required  to  produce  an  initial 
depression  in  the  intersection  point  of  the  Hurter  and  Driflield 
curves;  k  is  a  constant  as  yet  undetermined. 

Relative  Reduction  Potentials  of  Photographic  Developers 


(28 


Developer 

Mole/1 

iTBr,  hydro- 
quinol  = 
1.0 

Ferrous  oxalate . 

0.10 

0.3 

p-Phenylenediamine  hydrochloride . 

0.05 

0.3 

p-Phenylenediamine  hydrochloride  + 
alkali . 

0.05 

0.4 

Methyl-  p-phenylenediamine  hydrochlo¬ 
ride . 

0.05 

0.7 

0.05 

1.0 

7>-Phonvlglvcine . 

0.05 

1.6 

Hydroxvlamine  hydrochloride . 

0.10 

2.0 

Toluquinol . 

0.05 

2  2 

Methyl- p-phenylenediamine  hydrochlo¬ 
ride  -+■  alkali . 

0.05 

3.5 

p-Aminophenol  hydrochloride . 

0.05 

6.0 

Chlorquinol . 

0 . 05 

7.0 

p-Amino-o-crcsol . 

0.05 

7.0 

p-Dimethylaminophcnol  sulfate. . 

0.05 

10.0 

Pyrogallol . 

0.05 

16.0 

Monometliyl-p-aminophcnol  sulfate 

0.05 

20.0 

Bromquinol . 

0.04 

21.0 

Methvl-p-nmino-o-cresol . 

0.05 

23.0 

2,  4-Diaminophenol . 

0.05 

30  to  40 

The  Photometric  Constant  of  the  Developed  Silver  Image 
D  =  density  of  the  image,  niAt  =  grams  of  silver  per  dm1,  /’  = 
,„a ,/D  -  photometric  constant,  E  =  exposure  in  mcs.  (see  “Sen- 


sitcmetric  constants”  below). 
*  Cf.  Vol.  VI,  section  by  Conant 


Factor  (and 
divisor) 

“Xs 

9 

30  (div.  2) 

8 

12  (div.  5) 

16 

18 

40 

10  (div.  6) 
12  (div.  5) 
20  (div.  3) 
60  (div.  1) 
30  (div.  2) 
14 


Density  Range  with  Ferrous  Oxalatf,  Development;  cf. 

(7,  17,  37) 

103P  = . !  T21  Tin  !  1.03  1.031  1.19* 

D  range  0  525-1  97  0  76-2.54  0.5-2  00  5-3  5  0.08-1  64 

Lit . |  (13)  I  (13)  I  (7)  |  (37)  |  (32) 

*  No  specific  developer  mentioned.  Scheffers  found  that  quinol,  pyrogallol, 
metol,  ferrous  oxalate,  and  glycine  gave  identical  results  in  his  solanzution 
experiments.  Scheffers'  results  indicate  that  the  photometric  constant  of 
the  developed  solarized  image  progressively  diminishes,  due  to  smaller  silver 
grains  being  formed. 


Effect  of  Exposure  (32 


Logio  E 

D 

P 

Logio  E 

l) 

P 

5. 15 

0.08 

1.125 

0.95 

1.52 

1 .  1X4 

4.55 

0. 16 

1 . 250 

0.35 

1.64 

1 . 195 

3.95 

0.34 

1.176 

0.25 

1.55 

1.200 

3.35 

0.54 

1.295 

0.85 

1.50 

1  133 

2 . 75 

0.86 

1.139 

1.45 

1 .35 

1 . 126 

2.15 

1.01 

1 . 248 

2.05 

1.23 

1 . 089 

1.55 

1.34 

1  . 149 

2.65 

1.12 

1  062 

Meidinger  (27),  developing  with  metol,  has  found  that  /’  varies 
with  the  grain  size  of  the  emulsion,  a  conclusion  in  accord  with 
Higson  (ls)  and  Nutting  (29).  Meidinger  concludes  that  for  a 
given  density,  other  factors  constant,  P  is  independent  of  exposure 
and  development  time. 


Effect  of  Grain  Size  (27) 


E,  relative 

D,  range 

Number  of 
m.A„  range  i  obser¬ 
vations 

P ,  average 

Fast  plate,  large  grain  emulsion 

1-25  600 

0.76-2.55 

1.45-4.63  |  11 

1.82 

Process  plate, 

fairly  fine  grain  emulsion 

1-32 

0.26-4.20 

0 . 26-3 .81  6 

1.0 

Transparency  plate,  very  small  grain  emulsion 
1-512  1  0.05-3.05  [  0.04-2.95  |  10 _ 0.83 

The  “covering  power”  of  silver  grains  is  proportional  to  the 
reciprocal  of  the  photometric  constant  and  increases  with  decreas¬ 
ing  grain  size.  Thus  Meidinger  (27)  found  that  the  covering 
powers  of  a  given  mass  of  silver  in  the  developed  images  of  fast, 
process  and  transparency  plates  stood  in  the  ratio  5:  9.1:10.5,  a 
conclusion  in  qualitative  agreement  with  Higson  and  Toy  (16). 


Part  II 


Sensitometric  Constants  of  Type  Plates  and  Films 

The  definition  of  the  sensitometric  constants  usually  employed 
for  expressing  the  characteristics  of  photographic  materials  ean 
best  be  accomplished  by  referring  to  Fig.  1  which  shows  typical 
characteristic  curves. 

Density  (D). — The  blackness,  or  light  absorbing  power  of  a 
photographic  deposit  is  expressed  in  terms  of  density  defined  as 
follows:  Let  F0  =  the  luminous  flux  incident  upon  the  deposit; 
V i  =  the  luminous  flux  transmitted  by  the  deposit;  O  =  opacity; 
D  =  density;  T  =  transmission. 

Then 


T 


O 

D 


E\ 

F  o 

l  _  F  o 
r  =  F\ 

logio  O  =  logio  y. 


logic 


Fo 

F  i 


Exposure  ( E ). — E  =  It  (expressed  in  meter  candle  seconds, 
mcs.);  /  =  the  illumination  (in  meter  candles,  me.)  incident  on  the 
photographic  material  during  exposure;  t  =  exposure  time 
(expressed  in  seconds,  s). 

Spectral  Composition  of  Exposing  Radiation.  —  The  values  of 
speed  given  in  the  following  table  were  obtained  by  using  a  light 
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sourer  approximately  equivalent  to  noon  sunlight  in  spectral 
composition.  The  unit  of  photographic  intensity  is  defined  as  one 
visual  candlepower  of  radiation  equivalent  in  spectral  composition 
to  mean  noon  sunlight. 

Gamma  (7). — y  =  tangent  of  angle  a  which  the  straight  line 
portion  of  the  characteristic  curve  makes  with  the  exposure  axis. 

Gamma  Infinity  (7*). — 7,  is  defined  as  the  theoretical  limiting 
value  to  which  7  approaches  as  the  development  time  is  increased. 
The  values  of  given  in  the  table  are  computed  by  the  formula 
(37). 

_  _ 7 1 

T“  1  —  e~K‘i 

"here  77  is  the  slope  of  the  straight  portion  for  the  development 
time  t\,  and  K  is  the  velocity  constant  of  development. 

Velocity  Constant  of  Development  ( K ). — K  =  log* — — - 

£  72—71 


Time  of  Development  for  Gamma  of  Unity  (ty  =  1.0). — The  rate 
of  development  for  practical  purposes  may  be  indicated  by  the 
time  of  development  required  to  give  a  gamma  of  unity.  The 
values  determined  experimentally  for  the  various  type  plates  and 
with  the  developer  made  up  according  to  the  appended  formula 
are  given  in  the  table  of  constants. 

log  ( F ).  Fog  is  defined  as  the  density  produced  when  the  plate 
is  developed  without  exposure.  This  value  naturally  depends 
upon  the  extent  to  which  development  is  carried  and  the  values 
given  in  the  table  are  for  a  development  time  which  would  result 
in  a  gamma  of  unity. 

Latitude  (L). 1  L  =  length  of  the  projection  (expressed  in 
exposure  units)  of  the  straight  line  portion  on  the  logi0  E  axis, 
assuming  development  to  a  gamma  of  unity. 

Inertia  (i). — i  =  the  value  of  exposure  where  the  straight  line 
portion  of  the  characteristic  curve  extended  cuts  the  log10  E  axis. 
'1  he  straight  line  portions  of  curves  plotted  for  different  develop¬ 
ment  times  in  general  intersect  in  a  point  0  which  may  lie  above, 
on,  or  below  the  log10  exposure  axis.  The  value  of  i,  therefore 
may  depend  upon  the  extent  to  which  development  is  carried. 
1  he  values  of  i  given  in  the  table  were  determined  for  a  gamma  of 
unity. 

1  Sometimes  called  Scale,  see  (5). 


Speed  (S). — S  =  .  X  10.  Values  in  table  do  not  include  the 
factor  of  10. 

Sensitometric  Constants  for  Type  Photographic  Materials 


Material 

Fog 

7  =  1 

K 

t  (for 

7  =  LOO) 

L 

X 

1.  Cine,  Extra  Fast . 

0.20 

0.10 

1.4 

8.5 

100  0.0083 

2.  Cine,  Normal . 

0.15 

0.14 

1.3 

8.5 

640.014 

3.  Cine,  Panchromatic... 

0.15 

0.15 

2.0 

3.5 

50  0.025 

4.  Cine,  Positive . 

0.03 

0.23 

2.7 

1.2 

32 

0.500 

5.  Portrait,  Extra  Fast . .  . 

0.18 

0.10 

1.4 

8.5 

1  (XI 

0 . 0083 

6.  Portrait,  Normal . 

0. 15 

0.10 

1.8 

5.0 

64 

0.0166 

7.  Amateur  Film . 

0.15 

0.10 

1.8 

5.0 

32 

0.022 

8.  “Focal  Plane”  Plates. . 

0.15 

0.10 

1.7 

6.0 

64 

0.010 

9.  Commercial,  Ordinary. 

0.05 

0.10 

2.2 

3.0 

32 

0.050 

10.  Commercial,  Ortho- 

chromatic . 

0.12 

0.14 

2.2 

4.0 

50 

0.033 

11.  Commercial,  Panchro- 

matic . 

0. 15 

0.15 

2.3 

3.5 

32  0.050 

12.  Process,  Ordinary . 

0.03 

0.18 

3.0 

1.5 

16  0.250 

13.  Process,  Panchromatic. 

0.10 

0.12 

3.0 

2.0 

16  0. 143 

14.  Lantern  Slide  Plate.  .  . 

0.03  0.22 

3.0 

1.2 

16  0.500 

Formula  for  Laboratory-  Pyrogallol  Developer 


Solution  A 

i  S 

Solution  B 

g 

Na2SOj . 

..1  70 

I  Na2CC>3,  anhyd . 

75 

NaHSOj . 

. .  17 

KBr . 

1 

Pyrogallol . 

.  .  20 

*  Water  to  1  liter 

Water  to  1  liter 

Temperature  20°C.  For  use,  mix  equal  volumes  of  A  and  B 


Spectral  Sensitivity  of  Photographic  Materials 

The  spectral  distribution  of  sensitivity  for  practical  purposes 
is  shown  qualitatively  by  means  of  wedge  spectrograms.  These 
are  made  by  the  use  of  a  spectrograph  over  the  slit  of  which  is 
mounted  a  wedge  of  neutral  gray  glass,  the  transmission  of  which 
decreases  logarithmically  from  the  thin  to  the  thick  end.  The 
wedge  constant  was  0.75/mm.  In  this  ivay  the  exposure  incident 
on  the  photographic  material  for  any  particular  wave-length 
decreases  logarithmically  in  a  direction  parallel  to  the  slit  of  the 
instrument.  When  such  an  exposure  is  developed  the  silver 
deposit  on  the  plate  outlines  approximately  a  curve  which  is  the 
resultant  of  the  spectral  sensitivity  function  of  the  material  and  the 
spectral  distribution  of  energy  in  the  radiation  emitted  by  the  source 
used  for  illuminating  the  slit  of  the  instrument. 

The  source  used  in  making  the  spectrograms  (Figs.  2  and  3)  was 
the  acetylene  flame  which  operates  at  the  color  temperature  of 
2360°K.  All  plates  were  given  the  same  exposure.  Since  the 
same  source  was  used  in  all  cases,  the  curves  as  outlined  by  the 
light  areas  show  the  relative  spectral  sensitivity  of  the  various 
materials.  By  the  application  of  a  correction  based  upon  the 
spectral  distribution  of  energy  radiated  by  a  black-body  at  2360°K, 
an  approximation  to  the  actual  spectral  sensitivity  of  these 
materials  may  be  obtained.  The  neutral  glass  ivedge  used  over  the 
slit  of  the  instrument  while  fairly  non-selective  in  absorption  for 
radiation  of  wave-lengths  longer  than  450  m a,  increases  in  density 
for  radiation  of  ivave-lengths  shorter  than  450  niR.  The  apparent 
falling  off  in  sensitivity  in  the  region  of  wave-lengths  shorter  than 
450  nifj.  is  therefore  due  to  excessive  absorption  of  the  neutral 
y\  edge  rather  than  to  a  decrease  in  the  spectral  sensitivity  of  the 
material  (26,  39). 

Resolving  Power,  Sharpness,  and  Astro  Gamma 

Resolving  Power 

The  capacity  of  the  photographic  plate  or  film  to  render  fine 
detail  is  usually  referred  to  as  its  resolving  power  (R).  Resolving 
power  is  usually  determined  by  photographing  on  the  material  a 
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grating  consisting  of  alternate  light  and  dark  lines,  each  line  being 
of  a  width  equivalent  to  the  space  between  the  consecutive  lines. 
Resolving  power  is  then  specified  by  stating  the  number  of  lines 
per  mm  resolvable  by  the  material.  For  detailed  descriptions  of 
methods,  v.  (25>  31 ). 


In  Table  1  are  given  the  values 

of  resolving  power,  as  deter- 

mined  by  the  fan  method  25 ),  for  ! 

a  group  of  materials  differing 

widely  in  sensitivity.  Pyrogallol  dc 

■veloper  was  usee 

1  in  all  cases 

with  the  exception  of  the  albumen 

plate,  which  w; 

as  developed 

physically.  The  light  source  used  in  making  the  exposure  was  a 

gas-filled  tungsten  lamp  operated  at 

approximately  2 

:soo°K. 

Table  1  ( 

1  9 

Plate 

Relative 

speed 

Resolving 

power 

Albumen . 

0.01 

125 

W  and  W  Resolution . 

3 . 0 

81 

W  and  \Y  Slow  Process  Pan. .  . 

5.0 

G7 

Seed  Lantern  (yellow  label  . 

6.0 

62 

Positive  Motion  Picture  Film 

10.0 

42 

Seed  23 . 

150.0 

35 

W  and  W  Panchromatic. 

200 . 0 

31 

Seed  30 . 

400 . 0 

29 

Seed  Graflex . 

,.|  450.0 

25 

The  resolving  power  of  a  photographic  plate  is  dependent  to  a 
certain  extent  upon  the  reducing  agent  used  in  the  developing 

solution.  It  is  also  dependent  to  a  certain  extent  upon  the  length 
of  time  of  development  and  upon  exposure.  For  any  given  photo¬ 
graphic  material  and  developing  solution  there  is  a  combination  of 
development  time  and  exposure  which  gives  a  maximum  resolving 
power.  Values  of  maximum  resolving  power,  as  determined  by 
the  fan  method  (2S),  for  various  developers  are  given  in  Table  2,  t  he 
light  source  being  a  gas-filled  tungsten  lamp  operated  at  2800°K. 


Table  2  (19) 


Developer 

Maximum 

resolving 

power 

Exposure 
(in  sec) 

Develop¬ 
ment 
(in  min 

Pyrogallol,  NaOII . 

77.0 

4 

2 

Glycine . 

69.0 

3 

i 

Quinol . 

64.0 

3 

2 

Pyrogallol,  NajCOj . 

64.0 

3 

2 

Metol-quinol . 

64.0 

3 

2 

Metol . 

63  0 

3 

2 

Nepera . 

62.0 

3 

2 

Pyrocatechol . 

62.0 

8 

2 

Pvro-metol . 

62.0 

8 

o 

Eikonogen-quinol . 

61.0 

4 

3 

Ferrous  oxalate . 

61.0 

9 

4 

Caustic  quinol . 

57.0 

4 

9 

Eikonogen . 

57.0 

4 

4 

Amidol . 

51.0 

9 

4 

Each  in . 

54.0 

o 

5 

Ortol . 

49.0 

4 

2 

;>-Aminophenol . 

49.0 

8 

2 

Edinol . 

47.0 

4 

16 

Curves  showing  the  relation  between  uwc-lengtf  and  r>  $ 
power  (fan  method)  for  Seed  30  <S30  ,  Seed  23  S23  .  .Seed  I*r.  e, 
(SP),  and  \V ratten  and  Wainwright  Process  Panchromatic 
(WWPP)  are  shown  in  Fig.  4  (30>  3* ). 

The  increase  in  resolving  power  resulting  from  bathing  the 
material  in  a  solution  of  yellow  dye  prior  to  exposure  is  shown  b\ 
the  curves  marked  (YD).  The  ordinate  values  are  in  lines  [>cr  mm 
(fan  method)  which  can  be  resolved  under  the  conditions  8|x'cified. 

Values  of  resolving  power  determined  bv  using  series  of  parallel 
lines  may  be  more  directly  applicable  for  practical  purposes 
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especially  from  the  standpoint  of  spectroscopy.  In  Table  4  (6 
are  given  values  determined  in  Ibis  way  for  a  series  of  typical 
photographic  materials.  The  test  object  was  illuminated  by  light 
of  daylight  quality.  An  image,  at  a  magnification  of  0.05,  was 
projected  on  the  surface  of  the  photographic  material  by  means  of 
a  highly  corrected  lens.  The  exposures  were  such  that  a  develop¬ 
ment  to  gamma  of  unity  in  pyrogallol  at  20°C  gave  the  maximum 
resolving  power. 

Sharpness 

The  “sharpness”  characteristic  of  a  photographic  material  is 
defined  as  the  differential  of  density  (D)  with  respect  to  distance 
(A)  in  a  direction  perpendicular  to  the  edge  of  the  image;  sharpness 
(S’)  =  dD/ds,  where  s  is  expressed  in  microns  (0.001  mm). 


Fig.  4. 


The  images  used  for  determination  of  sharpness  are  obtained 
by  making  a  contact  print  of  a  very  carefully  prepared  knife  edge. 
The  exposing  radiation  used  in  making  the  print  is  carefully  colli¬ 
mated  and  incident  normal  to  the  surface  of  the  material  being 
examined. 

The  sharpness  of  the  developed  image  depends  upon  the  extent 
to  which  development  is  carried  and  this  is  specified  by  the  value 


r  /  %  dD 

of  gamma  (y),  ji - a- 

d  log  io  E 

The  curves  of  Fig.  5  (30>  31)  show  the  relation  between  sharp¬ 
ness  and  gamma  for  various  developers.  The  plate  used  in 
obtaining  t  hese  values  was  a  Seed  Panchromatic  and  the  exposing 
radiation  was  monochromatic  of  wave-length  440mg. 

Sharpness  is  independent  of  exposure,  at  least  over  a  consider¬ 
able  range,  as  shown  in  Table  3.  The  term  “light  exposure” 
is  used  to  designate  an  exposure  resulting  in  an  image  density  of 
approximately  1.0,  while  the  term  “heavy  exposure”  is  used  to 
designate  an  exposure  resulting  in  an  image  density  between  2.0 
and  3.0.  The  plate  used  was  a  Seed  Panchromatic  developed  in 
caustic  hydroquinol. 


Table  3. — Density  Gradients 


X  =  420m/i  j  X  7  o20m/i  j  X  =  660ni/j 


Development  time, 

min. 

1° 

75 

1 

5 

3 

0 

o 

75 

1 

5 

3 

0  0 

75 

1 

5  3 

0 

For  light  exposure.  . .  . 

jo 

107 

0 

136 

0 

143 

0 

051 

0 

059 

0 

069  0 

053 

0 

070|0 

082 

For  heavy  exposure 

lo 

112 

0 

133 

0 

151 

0 

045 

0 

061 

0 

06310 

056 

0 

064  b 

086 

The  relation  between  sharpness  and  wave-length  of  the  exposing 
radiation  is  shown  in  Figs.  0  and  7  (30i  3I),  the  former  applying  to 
a  panchromatic  (Seed  Panchromatic)  and  the  latter  to  an  ortho- 
chromatic  (Standard  Orthonon)  material. 

Values  of  sharpness  for  a  group  of  typical  materials  are  given 
in  Table  4  (6).  The  quality  of  light  used  in  making  the  expo¬ 
sures  was  equivalent  to  average  daylight.  The  exposure  was  so 
adjusted  that  development  to  gamma  of  unity  in  pyrogallol  at 


20°C  gave  an  image  density  of  unity.  The  values  of  sharpness 
express  the  diffuse-density  gradient  (dD/ds)  of  the  straight  line  por¬ 
tion  of  the  sharpness  curve  obtained  by  plotting  diffuse-density 
(D)  as  a  function  of  the  distance  (s)  from  the  geometrical  edge  of 
the  image. 

Astro  Gamma 

Astro  gamma  is  defined  as  the  coefficient  (b)  of  logi0  E  in  the 
Scheiner  equation,  which  gives  the  relation  between  the  diameter 
i  D)  of  a  stellar  image  and  the  exposure  (E):  D  =  a  -f-  b  log,.,  E. 
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Since  exposure  •  E)  =  intensity  1/  X  time  (H  this  equation  offers 
a  means  of  determining  the  relative  brightness  of  stars  by  measure¬ 
ment  of  the  diameter  of  the  stellar  images  obtained  under  known 
conditions  of  exposure  and  development.  The  ordinate  values 
used  in  plotting  Pig.  .S  are  relative  and  must  be  multiplied  by 
3.33  fl  logio  2)  in  order  to  obtain  actual  values  of  astro  gamma 
as  defined  above. 

In  Table  1  (6)  are  given  values  of  astro  gamma  for  a  group  of 
typical  photographic  materials.  These  values  were  determined 
by  photographing  with  a  highly  corrected  lens,  using  a  magnifica¬ 
tion  of  0.05,  a  circular  aperture  having  a  diameter  of  0.56  nun. 
Exposing  radiation  was  of  daylight  quality  and  intensity  was  so 
adjusted  that  an  exposure  of  1  second  was  just  above  the  threshold 
value.  Keeping  the  intensity  factor  constant,  the  exposure  time 
was  increased  by  consecutive  powers  of  2  from  1  to  512  seconds. 
The  exposed  plates  were  developed  to  a  gamma  of  unity  in  standard 
pyrogallol  at  20°C. 


Table  4 


Emulsion 

Resolv¬ 

ing 

power 

Sharp¬ 

ness 

Ast  ro 
gamma 

Eastman  Lantern . 

140 

0.168 

39* 

Eastman  Process . 

140 

0.156 

30* 

Eastman  Cine  Positive . 

120 

0.103 

26* 

W  and  W  Process  Panchromatic. . . 

102 

0.092 

33 

Eastman  33 . 

95 

0.088 

32 

Eastman  D.  C.  Ortho . 

80 

0.097 

41 

Eastman  Universal . 

70 

0 . 093 

40 

Eastman  40 . 

70 

0.071 

49* 

Eastman  Speedway . 

60 

0.080 

44 

Eastman  Cine,  Par  Speed . 

60 

0.085 

35 

Eastman  Cine  Superspeed.... 

50 

0 . 080 

36 

Eastman  Superspeed  Portrait.. 

50 

0 . 065 

43 

*  The  growth  of  the  diameter  with  the  log  exposure  deviates  much  from  a 
linear  relationship.  The  value  given  is  the  average  of  the  values  over  the  whole 
range  of  exposures. 


Relative  Photographic  Efficiency  of  Illuminants  23 

C  =  luminous  efficiency  of  source  (lumen/watt).  Er  =  rela¬ 
tive  photographic  efficiency  of  source  evaluated  on  basis  of  equal 
visual  intensities,  sunlight  «=  100%.  E.  =  relative  photographic 
efficiency  of  source  evaluated  on  basis  of  equal  energy  consumption 
by  the  source,  sunlight  =  100%. 


Efficiency  of  Illuminants.  <  'nnt  •  -iw.h 

Photographic  material 

Panrhro- 

Source  C  j  Ordinary  malic 

chromatic 


E. 

E 

Er 

E 

Er 

t 

Sun .  .  .  . 

1 50 

100 

100 

100 

100 

100 

100 

Sky . 

181 

1551 

130 

Acetylene...., 

0 

1 

30 

0. 

14 

44 

0. 

21  l 

oJ 

0 

24 

Acetylene  (screened  * 

0. 

07 

81 

0 

037 

85 

0 

0401 

89 

0 

042 

Pentane . 

0 

45 

IS 

0. 

053 

28 

0. 

086 

42 

0. 

13 

Mercury  arc  in  quartz. . 

40 

0 

600 

158 

5(H) 

132 

367 

99 

Mercury  arc  in  nultra  glass 

35. 

0  ! 

21S 

50 

106 

46 

1 65 

39 

Mercury  arc  in  crown  glass 

37. 

,0 

324 

79 

075 

68 

249 

62 

Carbon  arc,  ordinary . 

12. 

0  ; 

126 

10 

112 

9 

104 

8 . 

5 

Carbon  arc,  white  flame 

;  29. 

.0 

Jo  7 

50 

234 

45 

2 1 

4 

2 

Carbon  arc,  enclosed . 

9. 

,0 

175 

n 

177 

1 1 

166 

10 

Carbon  arc,  “Aristo'V 

12 

,0 

796! 

62 

1070 

86 

74  1 

60 

Magnetite  are . 

18 

.0 

106 

12 

1  la! 

14 

82 

10 

Carbon  glow  lamp 

2 

.4 

23 

0. 

37 

1  32| 

0 

52 

42 

0. 

68 

Carbon  glow  lamp.  . 

3 

25 

0. 

51 

35; 

0. 

74 

45 

0. 

96 

Tungsten  (vacuum).. 

8 

.0 

33 

1 . 

.7  t 

4! 

2 

50 

4 

Tungsten  (vacuum) .  . 

1  9 

.9  ’ 

1 37 

2 . 

.4 

45 

3. 

0 

53 1 

3. 

5 

Tungsten  (gas  filled) . 

10 

.0 

1  56 

6. 

,  1 

62 

6. 

.8 

70 

7 . 

7 

Tungsten  (gas  filled) . 

21 

.6 

64 

8. 

.9 

68 

9. 

8 

76, 

11 

0 

Tungsten  (Ca) . 

8 

.9 

05 

5. 

.5 

87 

5 . 

2 

95 

5 

6 

Tungsten  (Ca) . 

IX 

.0 

108 

7 . 

.8 

99 

7 . 

3 

:  106 

7 , 

9 

Mercury  vapor . 

|  23 

.0 

1316 

47 

354 

54 

9 

273 

42 

0 

*  Screened  with  Wratten  No.  70  filter 


—  —  Collodion 


Wave  Length 


6)0  EH 


4)0  )00  55 O  600 

Fig.  8. 


Gloss  of  Photographic  Papers 


Definition  of  (lions. — With  the  surface  illuminated  by  a  colli¬ 
mated  beam  of  light  incident  at  25°  from  the  normal  to  the  surface, 
ft,  is  the  brightness  of  the  sample  as  observed  on  the  line  of 
specular  reflection  (angle  of  observation  equal  to  angle  of  incidence) 
and  ft,,  is  t lx*  brightness  of  the  surface  observed  normally. 

Specular  brightness,  (/f,)  =  ft.  ftdl diffuse  brightness,  ft,.  = 


ft.il  gloss  (G) 


ft. 


B.-B*_  ft.  _ 
ft.,  ft, 


Range  or  Gloss  Yam  es 


Matte 

Semi- matte 

Semi-gloss 

Gloss 

0-1 

1 

3  7 

7-qo  • 

•  Actual  limit  ■»  75. 


These  values  apply  to  samples  which  were  fixed  out  without 
exposure  and  hence  represent  the  white  paper  without  any  devel¬ 
oped  silver  deposit  f 2 2  ' . 
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PROPERTIES  OF  SOAPS  AND  THEIR  AQUEOUS  SOLUTIONS 

James  W.  McBain 


A  soap  is  here  defined  as  a 
salt  of  any  monobasic  aliphatic 
acid  containing  six  or  more  car¬ 
bon  atoms.  The  substance 
cetylsulfonic  acid  is  also  classed 
as  a  soap. 
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Solubility. 

Freezing-point  lowering. 

Boiling-point  elevation. 

Refractive  index. 

Electrical  conductivity. 

Gold  numbers  and  detergent 
action. 

Hydration. 

Hydrolysis. 


Un  savon  est  d<5fini  ici  comme 
ctant.  un  sel  de  tout  acide  ali- 
phatique  monobasique  conte- 
nant  six  atonies  de  carbone  ou 
plus.  La  substance  acide  cetyl- 
sulfonique  est  aussi  classee 
comme  savon. 
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Die  Seife  ist  hier  definiert  als 
ein  Salz  irgend  einer  aliphati- 
schen  einbasischen  Saure,  welche 
sechs  oder  mehr  Kohlenstoffa- 
tome  enthalt.  Der  Stuff  Cetyl- 
sulfonsaure  ist  als  eine  Seife 
klassifiziert. 
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acido  cetilsolfonico  e  conside- 
rato  anch’  esso  un  sapone. 
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Symbols  and  Molecular  Weights 

V u>  (resp.  Nv)  =  Gram-moles  per  kg  H20  (resp.  per  1  solution),  %  =  weight  per  cent 


Symbol 

Name 

NaC6  1 

Caproate  or  hexoate . 

KC6 

NaCs 

Caprylate  or  octoate . 

KC8  J 

NaC, 

Nonylate . 

NaCio  \ 
KCi„  / 

f 

Caprate  or  decoate .  1 

NaCu 

Laurate . 

kc12 

Laurate . 

NaCu 

Myristate . 

KCu 

Mvristate . 

NaCu 

Palmitate . 

kc16 

Palmitate . 

nh4c16 

Palmitate . 

NaCis 

Stearate . 

*  The  symbol  C,"  is  used  in  the  tables  for  oleates  only,  the 


Mol.  wt. 

|  Symbol 

Name 

Mol.  wt. 

138. 0S2 

kc18 

Stearate . 

322.365 

154.180 

NaC22 

Behenate . 

362.328 

166.113 

CuSOaH 

Cetylsulfonic  or  hexadecanesulfonic  acid.. 

306 . 327 

182.211 

CieSOaNa 

Cetylsulfonate . 

328.316 

180.128 

NaCfg* 

Oleate . 

304.251 

194.1 13 

KC-* 

Oleate . 

320.349 

210.241 

NII4C78 

Oleate . 

299 . 293 

222.174 

Nacrr 

Linolate . 

302 . 236 

238.272 

KC" 

Linolate . 

318.334 

250.205 

NaC^ 

Erucate . 

360.313 

266.303 

kc2-2 

Erucate . 

376.411 

278 . 236 

NaC™ 

Linolenate . 

300 . 22 

294.334 

KC,  s 

Linolenate . 

316.318 

273 . 278 

NaC78OH 

Ricinoleate . 

320.251 

306.267 

KC7.OH 

Ricinoleate . . 

336 . 349 

stereoiaomeric  elaidates  being  named  in  full. 


SOAPS  AND  SOAP  SOLUTIONS 
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Wt.  %  = 
A'.  = 
N,  = 


X  100 


Conversion  Formulae 

Mol.  wt.  X  A'u, 

Mol.  wt.  X  Nw  +  1000 
Wt.  %  1000 

Mol.  wt.  X  100  -  Wt.  % 

Wt.  %  X  density  of  solution  X  10 
Mol.  wt. 


Equilibria  within  Soap  Solutions 

The  diagrams,  Figs.  1-19,  represent  the  proportions  of  I  lie 
various  constituents  in  equilibrium  with  each  other  in  the  soap 
solutions.  They  are  obtained  primarily  from  a  comparison  of  con¬ 
ductivity  and  osmotic  data  but  some  of  the  results  are  confirmed 
by  measurements  of  Na  and  Iv  ion  by  emf,  ultrafiltration,  etc. 
In  each  concentration  the  sum  total  of  constituents  containing 
fatty  acid  radical  is  taken  as  100  %  (the  total  height  of  the  diagram) 
which  is  the  sum  of  the  following:  Colloidal  neutral  undissociated 
soap,  crystalloidal  undissociated  soap,  fatty  ion  and  fatty  ion 
aggregated  as  ionic  micelle;  in  addition  there  is  free  Na  or  Iv  ion 
equal  in  amount  to  the  number  of  equivalents  of  free  fatty  ion  plus 
the  fatty  ion  in  ionic  micelle.  To  read  off  the  actual  concen¬ 
tration  of  any  one  constituent  at  a  given  concentration  the  width 
of  the  field  representing  that  constituent  must  be  multiplied  by 
the  total  concentration  of  the  solution.  The  uncertainty  in  the 
position  of  the  boundaries  between  fields  is  estimated  as  about 
10%  of  the  total  amount  of  soap.  For  further  description,  see 
(89).  Constituents  of  a  soap  solution  containing  added  salt  (109). 


Viscosity  ok  Soai>  Solutions  with  Additions  of  Other  Solutes 
Bibliography  only 


Soap 


Addition 


Iv  (palm)*. 
K  (palm)*. 
K  (coco)  | 


Ft  12 .  KOII 

KCu .  KC-(I  +  KOH 

KC-„ .  KOH 

K  (palm)* .  KOH 

KC1 

.  Glycerol 
Acetone 
,  K2CO, 

KOH 
KC1 
i  KC18 

NaCi2 . !  NaOH 

NaCu .  .  NaCl 

Na2C  Oa 
NaCjHaOj 
NaOH 
NaCl 
KC1 
NH, 

NH4C1 
Both 


NIL  (palm)*. 


Lit. _ 

s  1  , 

51) 

l51) 

(27) 

I.28) 

(51) 

(56l 

(108) 

(44, 

SI) 

(22) 

(28) 


*  Palm  kernel  oil  acids,  t  Coconut  oil  acids. 

Density  (Specific  Gravity 


Symbols 

N  Neutral  colloid,  e.g.,  (KC,,)*. 

S  Simple  soap  molecules,  e.g.,  IvC,,. 

S'  Simple  fatty  ions,  e.g.,  C("8. 

A  Acid  soap. 

M  Ionic  micelle,  e.g.  (Cf,),,. 

Viscosity 

Values  of  ij  in  poises 

Solutions  of  Pure  Soaps.  See  Figs.  20,  21,  and  22 


d{  —  A  +  kA'w;  Values  of  d‘48;  A  =  0.998(3  =  d\s  of  I120 


Soap 

0.05AL 

0.1  Nw 

0.2Ar„ 

O.SA'u, 

1.0A+ 

k 

Lit. 

NaC,* . 

1.003 

1 . 004 

1.008 

1.016 

1.030 

t 

(54) 

N  a  C 1 2  * .  •  •  • 
NaCf8 . 

1.001 

0.9990 

1.002 

0 . 9995 

1.004 

1 . 0005 

1 . 0035 

t 

+0.0098 

(54) 

(53, 

77) 

(77) 

Kcr, . 

0.9992 

0 . 9998 

1.0010 

1 . 0047 

+0.0122 

K  elaidate. . 

0 . 9990 

0.9994 

1.0001 

1 . 0024 

+0 . 0076 

(9°) 

NaCf,  . . . . 

0 . 9993 

1.0001 

1.0016 

1 .0060 

+0.0148 

(84) 

NaC78OH . . 

1.000 

1.0013 

1 .0038 

1 . 0097 

1.017 

t 

(71) 

Capillary  viscometer  with  absolute  dimensions  such  that 
kinetic  correction  did  not  exceed  1  %.  Viscosity  compared  with 
that  of  water  at  20°  taken  as  unity  (51). 


Soap 

N,  at  90° 

O 

O 

30° 

45° 

60° 

90° 

KC,j . 

0.1 

1.15 

0.671 

0.532 

0 . 352 

0.2 

1.41 

1.13 

0.846 

0.661 

0.434 

0.375 

1.96 

1.16 

0.906 

0.604 

0.4 

2.08 

1.65 

1.24 

0.962 

0.626 

0.6 

3.28 

2.61 

1.97 

1.54 

1.03 

0.8 

4.97 

4.01 

3.04 

2.37 

1.55 

1 .0 

8.42 

6.94 

5.38 

4.24 

2.81 

KC„ . 

0.054 

1.14 

0.895 

0.672 

0.519 

11  346 

0.216 

1.70 

1.32 

0 . 983 

0 . 752 

0.497 

0.431 

2.83 

2.17 

1  . 63 

1.25 

0 . 825 

0.649 

4.94 

3.84 

2.87 

2  22 

1.45 

0.815 

9.34 

7.67 

5.86 

4.56 

2.85 

1.035 

39.1 

36.2 

28.3 

17.7 

6.47 

kct. . 

0 . 052 

1  19 

0.95 

0 . 709 

u  645 

0.364 

0  2 

1 .87 

1.47 

1 . 10 

0 . 837 

0 . 500 

0.375 

4.19 

1  91 

1.39 

1.  <u<) 

0.4 

8.02 

4  69 

3.12 

1.99 

1  .  13 

0.6 

1573 

60 . 22 

18.03 

3.80 

See  further  the  following  references:  NaC,«,  KC,«  (3>  99  .  K Cf, 
(ii),  NaC,«  ("),  NaCf,  (").  NILC7,  (2.  33.  3<>  3S),  Na  salt  of 
fatty  acids  from  tallow  and  from  coconut  oil  (").  K  and  NIL 
salts  of  fatty  acids  from  palm  kernel  oil  (27,  28>  51). 


*  Volume  normality  (Nt)  and  d\\.  f  Not  linear. 

Values  of  d9,0;  A  =  0.9653  =  d\°  of  ILO 


Soap 


KC. . 

IvCs . 

NaC,.... 
KC10. .  .  . 
NaCu. .  . 
KC,,.... 
NaCM. .  • 
KCm... 
NaC,,.  .  . 
KC,,..  .  . 
NaC,,..  . 
KC,,..  .  . 
NaCJ5.  . 
C,«SOjH 


0.2.V,, 


0.982 

0.9777 


0.972 
0 . 9702 
0.9690  lo. 97 
0.9689  [0.97 
0.9668  0.96 
0.9676  0.97 
0.9658  0.96 
0.9667  0.96 
0.9647  0.96 
0.9659  0.96 
0.9631  0.95 
0.9650  0.96 
0.96312  0  96 
0.9637  0  96 


« 

.OA'u, 

k 

Lit. 

10 

998 

+  0.033 

(18) 

11 

9902 

+0.0249 

(16) 

0 

9833 

+  0.0180 

(26) 

10 

9833 

+  0.0180 

(16) 

0 

9731 

+0.0029 

(70) 

0 

9770 

+0.0117 

(16) 

0 

9678 

-0.0025 

(7°) 

0 

9723 

+0.0070 

(16) 

0 

9624 

-0.0029 

(18) 

0 

9680 

+  0.0027 

(16) 

-0.0108 

(18) 

0 

9637 

-0.0016 

(16) 

-0.011 

(26) 

-0.0080 

(100) 

For  the  Iv  salt  of 
60°,  and  90°,  v.  (27 
45°,  and  60°,  v.  (28) 


palm-kernel  oil  (also  with  added  KOII)  at  20°, 
).  For  the  NIL  salt  of  palm-kernel  oil  at  20°, 


Values  of 

d[  FOR 

0.  IN,  Solutions 

(s) 

35° 

45° 

55° 

65° 

75° 

NaCje  •  •  • 
KC,,.... 

.  0.994 

0.991  | 

0  986 
0.987 

0  981 
0.982  | 

0.974 

0.975 

0.968 
|  0.969 
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Valdes  of  <l\  for  NaC7, 


For  the  anhydrous  soap,  d  *°  =  0.821  (101) 


. 

°c 

16  (54) 

20  (32) 

0  (S3) 

10  (S3) 

0 .  (K)5 

1.001* 

0.9983 

0.2 

1.001 2 

1 . 0005 

0.01 

1  (K)l* 

0.9984 

0.4 

1 . 0040 

1 . 0029 

0.1 

1 .003* 

0 . 9989 

0.6 

1 . 0068 

1 . 0062 

0.2 

1.004* 

*  <c 

Values 

OF  d\ 

N,  =  0.0001  0.001  0.01  0.05  |  Lit. 


NaC6,  d\l . 

NaC„,  20° . 

NaC, 2,  25° . 

NaC”*  23.8° . 

0.999l|0. 9991  1.001  1. 
0.9484  0.9983  0.998r.| 
0.9973  0. 
0.9973  0.9973  0.9974(0 

003 

9985 

9977 

(54) 

(SO) 

(7°) 

(66) 

Nv  =  |  0.1  |  0.5  | 0 

75  |  1.0 

1.5 

Lit. 

NaC«,  d',5 . 1 . 

NaC”,*  23.8° . |o. 

004  T. 
9981  1 . 

020  |1. 
0011,1. 

031  1.040  1.057 
003  1.005 

(54) 

(66) 

♦Concentrations  are  weight-normal  (Nv). 


Solutions  of  Soaps  with  Additions  of  Alkali,  Fatty  Acid 

and  Salts 

NaC,  (30);  NaC„  (7°);  KC,f  x  =  6,  8,  10,  12,  14,  16,  18  (»•); 
KCu  (109);  NaCu  (»*,  89>  9»);  NaCr,  (32). 

Surface  Tension 

Interface  Air-Aqueoub  Solution 

Sodium  oleate  has  been  by  far  the  most  frequently  and  carefully 
measured,  but  rarely  are  the  effects  of  age  of  solution  and  of  age 
of  surface  mentioned.  For  the  effect  of  the  latter,  v.  (42).  Values 
of  y  in  dyne/cm  for  aqueous  solutions  of  various  soaps  are  shown 
in  Figs.  23,  24  and  25.  For  mixtures  of  soaps  in  water  at  60°C,  v. 
(12«). 

Additional  Lit.:  NaC;,  (7>  »i,  42.  63-  94-  95-  96>  97>  ,01'  102' 

no,  ill,  126,  129  ;  N*C„  i,27l;  NaC„  («.  »»7);NaC, («);  K('r, 
(»,  ii);  NaC,  to  is  (12);  MgCr,  (31). 


Liquid-Liquid  Interface 

See  (19,  31,  32,  43,  63,  103,  1  13,  114,  1  1  7,  anr)  V01.  IV,  p.  438. 
In  no  case  have  the  compositions  of  both  phases  been  completely 
determined  and  all  factors  controlled.  For  example,  interfacial 
tension  of  benzene  against  aqueous  solutions  of  NaC7„at  20°<  <  32 

lOLV, .  0.0  0.1  0.25  0.5  1.02.5  5.0  10.0  100 

y .  35.032.622.6  10 . 5  10 . 8  5  37  2 . 7t>  2 . 29,  1.46 


Melting  Points  of  the  Pure  Soaps 
MPi  is  the  melting  point  to  form  an  anisotropic  liquid,  MPj  the 
transition  to  an  isotropic  liquid. 


Soap  (125) 

MPi, 

°C 

MP„ 

°C 

Soap  (12S) 

MP,, 

°C 

MP., 

°C 

NaC, . 

225 

350 

NaC,, . 

240 

330 

NaC, . 

240 

350 

NaC„ . 

220 

265 

KC, . 

225 

(400) 

VoC..  1 

225 

270 

NaC, . 

225 

355 

215 

316 

NaC, . 

218 

242 

NaC,,  . 

220 

305 

NaC  io . 

220 

318 

1  K(’u  (73).  . .  . 

>64 

•276 

NaC,, . 

229 

310 
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SURFACE.  TENSION  Of  AQUEOUS  SOLUTIONS 


DROP  WEIGHT 


CAPILLARY 
v - 


NaC,  AT 20° 

Na  OLEATE  AT  20° 


I  30 

'  31 


Na  OLEATE.  AT  25°  90  MIN.  («) 

DROP  NO. 

Na  OLEATE 

•  — _ ATE0°(io:!) 

*  — - 25°  (5e) 

o  — _ 16°  ) 

(54) 

•  Na  Cg  AT  15° 

o  —  NaC,*  ••  16° 
o  — NaG,  15° 

\  •  — NaG*  »  16° 

* — NaCj«  ••  16° 

*  — NaC,«  15° 

□  — NaG#  ••  15° 

( AFTER.  24  HOURS 
l*  — NaG*  15° 
f°  — NaC|g  *•  15° 
(AFTER  18  HOURS 
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Melting  Points.  -( Continued ) 


Soap 

MP,  °C  ||  Soap 

MP,  °C 

(46 

AgCie . 

209  (39) 

NaCu 

255-260 

AgCu  •  ■ 

205  (39) 

NaC,,.. 

250 

(98> 

NaC,6 . 

270 

PbCj . 

73.5 

NaCu  . 

260 

PbC7 . 

91 

NaC'7, 

232-235 

PbC, . 

84 

Na  elaidate 

225-227 

PbC, . 

94.5 

Na  erucatc 

230-235 

1  PbC  io . 

100 

Na  brassidate 

245-248 

PbCu . 

103.5 

f39) 

PbC, « . 

107 

PbCu 

104.7 

PbCu . 

112 

PbCu 

108  7 

J  PbC,,.  • 

125 

PbCu. . .  . 

112.3 

PbCu . 

45-50 

PbC;> . 

115.7 

(59) 

MgCij. . . 

150.4 

NH,C, . 

70-85 

MgCu.. 

131.6 

nh4c„ . 

75 

MgCu. 

121.5 

NH«C,4 . 

79-90 

MgCu 

132 

nh4C" . 

57 . 5 

LiC)2. . . 

229.5 

CuCu . 

>100 

IiC,«... 

223.9 

CuC7s . 

100 

LiC ie.  . . 

224.5 

For  MgCu,  and 

MgCu,  v. 

LiCI8 . 

221 

(36);  for  other  NH 

4  soaps,  v. 

Ag(  '12 . 

212.5 

(13);  for  mixtures  of  NaCu  and 

AgC’u 

211 

HC,„  v.  (20). 

Phase  Equilibria 

Systems  soap-water  and  soap-water-salt 

Explanatory  Notes.1 — Any  soap  mixed  with  water  in  various 
proportions  and  under  suitable  conditions,  can  be  made  to  assume 
any  one  of  five  different  forms,  each  of  which  behaves  as  a  single 
phase  when  in  equilibrium  with  another  phase.  They  are:  (1) 
Lamellar  crystals  of  soap.  (2)  The  crystalline  curd  fibers  of  soap 
curd.  (3)  “Neat  soap” — clear,  transparent,  plastic  anisotropic 
liquid.  (4)  “Middle  soap” — anisotropic.  (5)  Isotropic  soap 
solutions,  which  includes  all  the  more  dilute  solutions. 

Addition  of  the  third  component,  salt,  introduces  no  new  forms 
but  the  limits  of  concentration  for  the  existence  of  the  separate 
phases  are  affected. 

Figures  26,  27  and  28  illustrate  the  limits  of  existence  and  the 
compositions  of  the  various  forms  of  soap  solution  with  varying 
temperatures  in  the  two-component  system,  soap-water.  Figures 
29-34  are  the  equilibrium  diagrams  for  systems  soap-water-salt 
at  various  fixed  temperatures.  Compositions  on  these  tri¬ 
angular  diagrams  are  in  “mole  fractions”  based  upon  a  fictitious 
molecular  weight  of  1000  for  11,0  and  using  the  gram-formula- 
weights  for  the  soap  and  the  salt. 

Similar  phase-rule  diagrams  (such  as  Figures  35,  36  and  37)  have 
been  partially  constructed  for  commercial  soaps  from  the  scattered 
fragmentary  data  of  the  early  workers  (4>  93>  llsi  123>  124);  see 
also  (*),  demonstrating  that  the  phase  rule  is  of  general  application 
to  all  soaps,  pure  and  commercial,  and  that  the  same  phases  occur 
in  every  soap  system,  the  limits  of  concentration  for  the  existence 
of  each  phase  varying  with  the  soap. 

Tables  1  4  show  the  relative  and  minimum  absolute  amounts  of 
various  salts  required  to  produce  phase  separation  at  100°,  Tables 
1  3  referring  to  formation  of  liquid  layers  and  Tables  3  and  4  to 
beginning  separation  of  crystalline  curd  fibers.  These  ratios  are 
approximately  independent  of  the  nature  of  the  soap.  The 
effects  of  mixtures  of  electrolytes  are  approximately  additive.  A 
mixture  of  soaps  behaves  as  expected  from  the  constituents  when 
forming  liquid  layers  but  not  when  crystallizing  in  either  urd 

i  For  full  diacuaaion,  tee  (*). 
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or  fiber  form.  These  rules  applied  to  the  tables  enable  approxi¬ 
mate  prediction  of  the  behavior  of  any  soap  or  soap  mixture.  The 
following  are  maximum  concentrations  of  salt  for  the  formation  of 
the  liquid-liquid  system  nigre-lye  with  soaps  made  from  separate 
oils  studied  by  Merklen  (93  the  numbers  being  accurate  to  0.1 
or  0.2  of  the  values  given:  Sesame  oil  6.8,  olive  8.1,  poppy  seed  6.6, 
poppy  seed  reheated  7.7,  lard  6.0,  lard  without  salt  7.2,  tallow  7.0. 
linseed  7.5,  sulfur  oil  13.3,  saponification  olein  8.6,  saponification 
olein  with  glycerol  9.1,  saponification  stearin  6.2,  cottonseed  oil 
8.9,  peanut  oil  6.7,  castor  oil  25.1,  castor  oil  and  peanut  oil 
17.6%. 

Table  1  (*»  11S). — Minimum  Number  ok  Grams  or  Various 
Electrolytes  in  100Cm3ofLye  at  100°  Required  to  Maintain 
Two  Liquid  Layers  (Nigre  and  Lye)  from  Potassium  and 
Sodium  Soaps,  in  Dilutions  between  N / 8  and  V/4  (!). 


Electrolyte 

KOH* 

KC1 

K2(  O, 

NaOH 

NaClf 

NajCO, 

Stearate  Cu . 

7 

8 

13 

3 

6 

Oleate  C'7S . 

8 

15 

4 

5 

7 

Palmitate  Cu  - . . 

10 

12 

18 

4 

5 

8 

Linolate  C“. . . . 

10 

13 

19 

Myristate  Cu. . . 

15 

20 

26 

8 

8 

16 

Laurate  C'I2 . 

21 

34 

12 

13 

Ratios . 

1.50 

2.00 

2.78 

0.87 

1.00 

1.84 

N.B. — An  equal  mixture  of  sodium  oleate  and  sodium  myristate 
is  half  way  between  pure  sodium  oleate  and  pure  sodium  myristate. 


*  KC^  by  3  g  of  KOH. 

t  NaCjj  by  2.3  g  NaCl  per  100  cm*  =  0.4jV«,  (52). 


Table  2  (83). — Concentrations,  Ar„,  of  Various  Sodium 
Salts  Required  to  Salt  Out  0.25A'„  Solutions  of  Sodium 
Palmitate  at  90°. 


Anion 

N* 

Anion 

-V  u 

Anion 

1  Nm 

OH . 

1.13 

Br . 

.  .  10 . 90 

■  CNS. . . 

. .  jO . 76 

NO, . 

1.05 

C2H3O2 . 

.  .  0.89 

wo, . 

. .  0.65 

Cl . 

0.95 

CO, . 

.  .  0.89 

Tartrate.  .  .  . 

.  .  0.65 

I . 

0  91 

SO, . 

.0.83 

Table  3  (L  1 1 5). — Relative  Number  of  Moles  of  Hydroxide, 
Chloride,  and  Carbonate  of  Sodium  and  Potassium  Required 
for  Salting  Out  Liquid  Layers  or  Curd  at  100°. 


OH 

Cl  |  CO, 

K . 

Na . 

1.02 

1.27 

1.00  0.70 

1,00  1.01 

Table  4  (»,  "*).*— 
Electrolytes  in  100 
Appear  in  Neat  Soap 

Minimum  Number  of  Grams  of  Various 
Cm3  Lye  at  100°  for  Curd  Fibers  to 
Layer. 

Electrolyte 

KOH  KC1 

K,CO  NaOH|  NaCl|NajCOt 

(17)  13 

10 

11 

13  19 

18  >23 

25 

1.50  2  00 

20  I  4  I  17 

19.5  1  4  '5  9 

22  15  6  12 

24 

>38  9  10  17.8 

>37  13  ,14 

2.78  0.87  1.00  1.84 

Oleate  C7, . 

Palmitate  C]e . 

Linolate  C77 . 

Myristate  C„ . 

Tjuirnf.fi  C,, . 

Ratios . 

N.B. — Notice  that  the  values  for  sodium  salts  are  about  half 
those  for  the  corresponding  potassium  salts. 

*  T.angdon  (*•)  for  NaCu  found  7%  NaCl.  Rtiepcl  (,,3>  for  NaCi.-.  NaCu. 
NaCu  and  NaCu  found  Is.  0.  7.  and  5  .  NaCl  r.  -i"  ov.  ly.  a»  .0, pared  »itb 
Richert'a  14,  10. ft  and  5%.  Kronachcr  (»»>  for  NaCi  .  NaCu.  NaCu.  NaCu 
and  NaCu  found  approximately  J3,  13,  10,  7  and  0  ‘i  NaC  l 
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Hydrated  Crystal 


Hydrated  Crystals 


Fig.30(73) 

KCtf+KCUHjOaiM 


Fig  29  (73) 
KC«+KCl+H2Oat0OO< 


Middle 
Soap  1 


Isotropic 

Homogeneous 

Solutions 


Isotropic 

Homogeneous 

Solutions 


Hydrated  Crystal 


Middle 
Soap  l 


Middle 


Isotropic 

Homogeneous 

Solutions 


Isotropic 

Homogeneous 

Solutions 


Hydrated  Crystal 


Fig.34(7J) 

KC  ia  ’KCl+HyO  at  20' 


Dry  Curd 


Fig.33<78> 


NaCi6tNaCUH;0 


Manmum  c oncentrations  of  solutions 
which  canonist  at  ?6*(aat7?*)  when  not 
saturated wiltt curd  fibres  TheftekJs 
enctosedDythedottedlmeowittiintha 

shaded  areas  are  soap  solutions  which 
have  been  destioyed  by  me  curd  r.bres 
c/ystailitmg  out  at  76 


Middle 

Soap 


Isotropic 

Homogeneous 

Solutions 


Isotropic 

Homogeneous 

Solutions 


Fig  31 

v 

(  \  16 

Fig.  32  W 

KC,j  +  KCUH20  at  18° 

Neat  <-t0  —  V-  V 
Soap  i  /m 

NaCiseNaCl  +  HjO  at 90* 

454 


INTERNATIONAL  CRITICAL  TABLES 


Solubility 

Any  soap,  pure  or  commercial,  mixed  with  water  or  with  water 
and  an  electrolyte  can  be  made  to  exist  as  either  lamellar  soap 
crystals  or  curd  fiber  crystals;  both  are  usually  hydrated,  and  more 
than  one  hydrate  may  occur.  On  raising  the  temperature  the 
crystals  or  curd  dissolve  to  form  ordinary  isotropic  solution,  middle 
soap,  or  neat  soap  depending  upon  the  concentration.  The  data 
usually  refer  to  the  form  of  hydrated  crystals  most  stable  under  the 
experimental  conditions. 

Hydrated  Curd  Fibers;  Temperature  of  Complete  Solution 


to  Form  Isotropic  Solution  of  Concentration,  Nw 


°c  | 

j  AT. 

°C 

Nw 

i  °C 

|  N. 

°C 

Na(  '12 

(69) 

NaCi 

e  (78) 

18 

(10) 

KC]2 

(73) 

2.0 

45 

10.0 

(90) 

15 

55 

8 

004 

39.0 

1.0 

40 

1.009 

67 

12 

26 

8 

878 

56.0 

0.2 

34 

0.504 

63 

KCu 

(73) 

9 

694 

60.0 

0.1 

31 

0.01 

51 

2.508 

15 

10 

98 

90.0 

Na(  i8 

(53) 

KCfs  (7*) 

3.222 

17.5 

11 

52 

100 

0.6 

25 

50 

150 

4.004 

20.0 

12 

96 

100 

0.4 

23 

40 

132 

5.373 

25.5 

16 

14 

130 

0.2 

21 

30 

118 

5 . 653 

26.0 

19 

36 

152 

0.1 

18 

25 

98 

7.226 

32.0 

43 

.32 

200 

Figs.  35  and  36  f1). — A  reinterpretation  (by  J.  W.  McBain)  of  M. 
Thorl’s  laboratory  experiments  with  sodium  hydroxide  on  the  salting 
out  of  soap  prepared  from  coconut  oil  at  100°C  showing  how  they 
accord  with  phase-rule  diagrams  for  the  pure  soaps.* 

*  The  boundary  line  of  the  isotropic  solutions  is  sketched  in  an  identical 
position  in  diagrams  35,  36  and  37  and  takes  account  of  results  of  Perkowski 
quoted  by  Richert.  Results  of  Thorl,  Batz,  Richert  and  Perkowski  are  not  true 
per  cent  but  grams  per  100  cm3  of  solution  measured  at  100°C.  The  data  of 
Penny  and  Elford  are  grams  per  100  grams  of  total  system. 


Solubility  of  Hydrated  Curd  Fibers  in  Terms  of  Na  of 
Mother  Liquor  in  Curd  after  Solidification  ( =iV«,  in  Table) 


Soap 

Orig.  N„ 

K 

t,  °C 

Lit. 

NaCio . 

2 

i 

15 

(12) 

NaCr  i6 . 

0.1914 

0.01778 

30 

(53) 

0.25 

0.00819 

25 

NaCu* . 

0.25 

0.03 

17-25 

(6) 

1.0 

0.1 

17-25 

NaCu . 

0.005-0.0004 

0 . 0003 

17 

(112) 

NaCj  8 . 

0.6 

0.39 

18 

(53; 

0.26 

10 

0.114 

0 

0.1905 

0 . 0998 

18 

*  NaCu  dissolved  in  0.6  „V«  aqueous  glycerol 


SOAPS  AND  SOAP  SOLUTIONS 


°/o  Sodium'  Hydrcofic^e* 


Solubility  ok  (  run  I  in  k  its  as  Determined  from  Fatty  Radical 

from  Curd 


Soap 

Curd 

X „ 

Ultrafiltrate  , 

t,  °C 

1  Lit. 

NaC,« . 

. .  .1  0.04-0.009 

0.0003 

18 

55 

'  0.003-0.006 

0 . 00023 

18 

KC„ . 

.  . .  0.034 

0.0002 

22 

(50  i 

NaC,, 

0  065 

0.0004-0.0006 

14-18 

(50) 

0.03 

0.0001* 

18-22 

0.03 

0 . 0004  0  0005 

14  is 

0.0013 

0.0001 

14-18 

*  Assumed  by  Kratz  to  be  correct  solubility. 


Iemperature  ok  Spontaneous  Separation  oi  \  \  Soap  ((Vrd 


Fibers) 

FROM 

Aqueous 

Solution  on  Coolinu,  T 

(4T) 

Soap,  g  [ter 
1  (X)  g  II  O 

cl6 

Cm 

C  12 

I  C"« 

1  Elai-  1 
|  date  |  ”  | 

Hrass- 

idate 

1 

60° 

45° 

32° 

11° 

0° 

35°  27° 

42° 

20 

69°  I 

62° 

53° 

(36° 

!  ca.  13° 

45°  35 ? 

56° 

(12) 

3 

2 

1.5 

1  |  0 

75.V, 

NaC’, . 

...1  13-14° 

1  10-11° 

-1° 

<0° 

NaC  ,o . 

16° 

3-4° 

2  3° 

>0“ 

Also  (JO*);  8%  NaC,,  at  26°,  1  %  NaC,,  «t  43°,  6%  NaC,,  at 
52°,  1%  NaC,,  +  6%  NaC,«  at  8*,  1%  Na<  NaCi*  at 

29°;  (3)  NaC 0.1  .Vw  at  58°,  0.5  X.  at  65°;  KC„,  0.5  Ar,  at  38“C; 
(,21  62.5  g  anhv«l.  NaC,,  in  100  g  11,0  at  12-18°. 
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Solubility. — {Conti  n  ued) 

Temperature  of  Complete  Solution  of  Hydrated  Crystalline 
Curd  Fibers  in  Aqueous  NaCl  Solutions 


NaCis  (69)  |  KC12  (73)  NaC',6  (78) 


AT  soap 

AT.  ~~ 

NaCl 

°C 

Nw 

soap 

°C 

Nw 

soap 

AT 

NaCl 

°C 

2.0 

0 . 534 

57 

AT  KC1  =0.5 

3.02 

0.293 

(77) 

0.62 

56 

6.01 

(21.0) 

1.01 

.680 

76 

1.02 

60 

6.99 

29.0 

0.504 

.794 

74 

1.02 

63.5 

7 . 46 

35 

.504 

.55 

72 

1.92 

68 

8.76 

50 

.504 

.642 

76 

1.0 

0 . 49 

48 

9.77 

65 

.503 

.738 

75.5 

1 . 59 

60 

11.2 

90 

.399 

.906 

76 

1.66 

65 

12.6 

100 

.351 

.835 

75 

1.71 

62 

20.0 

115 

.206 

.836 

74 

1.86 

63 

AT  KC1  =  1.0 

.135 

.819 

72.5 

2.10 

66 

6.01 

24.5 

.0610 

.807 

72.5 

0.20 

1.21 

55 

7.91 

50.5 

.058 

.908 

(75) 

1.56 

60 

8.93 

79.0 

NaC22  (52) 

2.05 

61 

9.8 

90.0 

0.05 

0.42 

100 

0.10 

1.97 

60 

15.0 

98.0 

0.05 

0.59 

100 

2.08 

61 

AT  KC1  =  2.0 

2.19 

62 

5.02 

33.5 

5.97 

35.2 

7.70 

41.5 

Grams  of  Soap  in  100  Grams  of  Water  at  Various 
Temperatures 


15° 

25° 

50° 

J  100°C 

Lit. 

Lie, 2 . 

0.180 

0.280  1 

(39) 

LiCu . 

0.036 

0.060 

(39) 

LiC16 . 

0.015 

(39) 

LiCjg . 

0.010 

(39) 

SrC6*  +  3H,0.. 

8.89  (at  24°) 

(45) 

MgC12 . 

0 . 009 

0 . 009 

0 . 026 

(39) 

MgCi4 . 

0.006 

0.006 

0.014 

(39) 

MgCis . 

0.005 

0.005 

0.009 

(39) 

MgCis . 

0.003 

0.004 

0.008 

(39) 

Mger; . 

0 . 022 

0.024 

0.03 

(92) 

Mg  e  rue  ate . 

0.006 

(123.5) 

Ba( . 

8 

7 

8 

(29,  60,  116) 

BaC7 . 

1.6 

1.6 

1.6 

(60) 

Ba(  12 . 

0.008 

0.009 

0.011 

(39) 

BaCI4 . 

0.007 

0.008 

0.010 

(39) 

BaCie . 

0 . 004 

0 . 005 

0.007 

(39) 

BaCis . 

0 . 004 

0.005 

0 . 006 

(39) 

CaC6 . 

2.4 

2.3 

2.3 

2.57 

(29,  60,  61, 

116) 

CaC7f . 

0.84 

0.81 

0.80 

1.24 

(60,  116) 

CaCs . 

0.31 

0.29 

0.26 

0.50 

(H6) 

18 . 

0.04 

0.04 

0.03 

(92) 

ZnC6  “I-  H2O .  .  .  . 

1.03  (at  24.5°) 

(45) 

CdCe  +  2H,<). . . 

0 . 96  (at  23 . 5°) 

(45) 

PbC„ . 

0.007 

(39) 

PbCM . 

0.006 

(39) 

PbCu . 

0.007 

(39) 

PbC.s . 

0.006 

(39) 

AgCt . 

0.09 

0.12 

0.20 

(60,  116) 

AgC7 . 

0.09 

0.11 

0.17 

(60,  116) 

AgCu . 

0.007 

(39) 

AgCu . 

0.006 

(39) 

AgC,8 . 

0.004  | 

(39) 

*  Caproic  acid  from  fermentation  butyric  acid, 
t  See  ala u  Landau,  1893,  and  Altschul,  1890  (lls). 


Additional  Data 

Fahrion  (21)  11  water  at  15°  dissolved  90  mg  of  CaC78  and  224 
mg  MgC;"8.  Blumercron  (12)  curding  of  solutions  of  NaC«, 
NaC7,  NaC8,  NaC9,  NaCio,  at  20°  on  addition  of  NaCl  and 
NaOH.  Partheil  and  Ferid  (107),  LiC,2,  LiCi4,  LiCu,  LiCfg  at  IS" 
and  25°.  Oudemans  ((59)  p.  159)  Mg,  Ca,  Sr,  Ba,  Zn,  Pb,  Mn, 
Co,  Ni,  Cu,  Ag  salts  of  C\2  at  15°  and  at  boiling  point.  Lewko- 
witsch  ((59)  p.  143,  157)  CaCe,  CaCs,  CaCI0,  CaC12  at  20°  or  100°. 
Jensen  (41)  AgC8,  AgCio  at  20°  in  water  and  MoN  AgN03  solu¬ 
tion.  Altschul  ((116)  p.  614)  AgC7,  0-80°.  Lieben  and  Janecek 
(61)  CaC6,  BaCo  at  10-12°.  Zsigmondy  and  Bachman  (13°) 
NaCie  in  water.  McBain,  Cornish  and  Bowden  (70)  NaC[4  in 
water.  Ivottal  (4S)  CaC6,  BaC6. 

Freezing-Point  Lowering 


Values  of  kp,  =  Atp/Nw,  where  Atp  is  the  freezing-point  lowering 
in  °C  at  the  concentration  AT  moles  per  kg  H20  (52). 


Soap 

AT 

A  tF  | 

Soap 

AT 

Afp 

KCi2 . 

0.05 

0.177 

KC8 . 

3.0 

4.71 

.1 

.212 

NaCi  8 . 

0.4 

0.146 

KC:, . 

.6 

.348 

2 

.095 

.4 

.215 

NaC22 . 

.05 

.036 

NaCs . 

1.0 

2.445 

See  further,  Fig.  38. 


Boiling-Point  Elevation 

Values  of  ks  =  A 'b/AT,  where  A ts  —  t,  —  tw,  t,  being  the  tem¬ 
perature  at  which  the  partial  vapor  pressure  of  water  from  the 
solution  is  equal  to  the  vapor  pressure  of  pure  water  at  T,  °C. 
The  data  for  the  higher  temperatures  (tw  =  90  —  100°C)  are 
shown  graphically  in  Fig.  39.  Some  values  at  lower  temperatures 
are  given  in  the  following  table: 


Soap* 

t  °C 

tyj,  v./ 

N w 

Ztb 

Lit. 

KC, . 

20 

3.0 

0.23 

(77) 

NaC  12 . 

43 

1.5 

.20 

(86) 

NaC  12 . 

40 

1.5 

.20 

,86 

kc12 . 

20 

0.2 

.20 

(77) 

nh4c12 . 

20 

1.0 

.17 

(77) 

NH4C12 . 

20 

0.5 

.16 

(77) 

NaCis . 

67 

1.0 

.26 

(86) 

NaCjfj . 

70 

1.0 

.26 

(86) 

KCi# . . 

33 

0.5 

.34 

(86) 

NH4C’„ . 

20 

1.0 

.06 

(77) 

nh4c16 . 

70 

1.0 

.23 

(85) 

NaC  !8 . 

18 

0.6 

.10 

(53, 

NaC“, . 

18 

0.4 

.10 

(53) 

Kcr* . 

20 

0.6 

.12 

(77) 

K  elaidate . 

20 

0.75 

.24 

(68) 

K  elaidate . 

20 

0.5 

.26 

(68) 

K  elaidate . 

20 

0.2 

0.6-0. 8 

(68) 

NaCr8OH . 

20 

1.0 

0.21 

(68) 

NaC  7,0  FI . 

20 

0.75 

.25 

(68, 

NaC  r,  OH . 

20 

0.5 

.34 

,68 

NaC;, OH . 

20 

0.2 

.35 

(68) 

NaC™ . 

20 

0.5 

.20 

(68) 

NaC™ . 

20 

0.2 

.075 

(68) 

*  For  solutions  of  soap  with  various  added  constituents,  v.  (46»  77»  85>  89»  1  °9) 


Refractive  Index  (62) 

The  specific  refraction,  R  =  (n  —  1  )/d  or  R'  =  ( n 2  —  1  )/d  X 
(n2  +  2)  for  soap  in  soap  solutions  at  70°  is  for  any  one  soap 
independent  of  concentration  (and  also  of  solvent),  the  molecular 
refraction  for  the  soap  in  solution  being  equal  to  that  calculated 
for  the  pure  anhydrous  liquid  soap.  Concentrations  between  2.4 
and  17.8  g/100  cm3  aqueous  solution. 
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Refractive  Index. — ( Continued ) 


Soap 

|  Rc 

Rd 

Rv 

R'c 

R'd 

R’f 

N,C;,  ... 

0  480 

0.289 

Na(  i  r> . 

0  467 

0.471 

0.476 

0.283 

0 . 284 

0.286 

KC,c. 

0.471 

0 . 284 

NnC'u 

0.475 

0 . 287 

NaC- . 

0.475 

0.480 

0.484 

0.286 

0  288 

0.290 

K  Soaps  at  90°. — ( Continued ) 

•Vu.  =  1  0  0  75  0,5  0.2  ;  0.1  0  05 1  0.02  0.01 

C,6.  124. 2,127. 0  127.0  111.0  107.0410.81  133.2  171.6 

C,8  113.4  112.6  113.9  100.0  96.0  101.7  124.9  147.7 

Cut . 1  I  1126  1 1 1 7  1 114. 5jl  13 


*  107.3  at  3.063iW  t  123.5  at  2.028Nu>.  %  Concentration  Nv  ( 51 ). 

Iv  Soaps  (51) 


Electrical  Conductivity  of  Aqueous  Solutions 

The  values  given  are  A  =  103k/Nv  where  k  is  the  specific  conduct¬ 
ance  of  the  solution  in  mhos 


Na  Soaps  at  90°C 


AN  = 

|  1.5 

|  1.0 

0 . 75 

0.5 

0.2 

0.1 

0.05 

0.01 

Lit. 

NaC» . 

106.9 

(127.5) 

150.44 

166.42 

196.0 

199.8 

(26) 

NaCi2 . 

06.2 

104.2 

109.5 

113.4 

125.5 

157.0 

193.9 

(70) 

NaOi  i . 

<84 . 76 

94 . 93 

97 . 57 

99.15 

95 . 23 

96.51 

110.4 

191.7 

(70) 

NaCic . 

84 . 5* 

83 . 6 

85.8 

87.4 

79.4 

75.5 

76.4 

101.7 

(80) 

NaCts . 

SI.  5 

88.3 

76.1 

77.4 

76.0 

78.0 

125.9 

(14,  70) 

NaC« . 

80.96 

61.99 

67.09 

78.58 

141.7 

(26) 

*  From  (87). 


NaCm  (70)  II  NaCiu  (3) 


Nw 

80° 

70° 

60° 

O 

O 

IO 

40°C 

°C 

Nv 

0.01 

0.1 

1 . 5 

75.1 

65.4 

55.2 

44.8 

85 

114.7 

73.1 

1.0 

84.3 

73.6 

62.2 

51.5 

75 

99.9 

64.3 

0.5 

87.5 

74.6 

62.3 

52.1 

65 

85.1 

55.4 

0.2 

84.0 

71.5 

59.8 

50.0 

40.0 

55 

72.6 

46.8 

0.1 

85.1 

72.6 

60.6 

50.7 

40.5 

45 

66.3 

0.05 

97.3 

83.1 

69.4 

58.0 

46.5 

0.01 

169.0 

144.3 

120.5 

100.6 

SO.  3 

NaCi6S03  (”2) 

N  v 

65° 

60° 

|  55° 

50° 

45° 

40°C 

0  0666 

45 

41.5 

I  38.6 

35.6 

32.3 

29.5 

0  0333 

46 

42.1 

39.1 

35.5 

32.6 

29.4 

0.01665 

51.6 

47.2 

42.7 

39. 1 

34.9 

31.4 

NaC78  at  25°  (5  5) 


1  IN, . 

. 1  5 

10 

A . 

|22 . 09 

20.1 

30. 25160.50  121 
20.9  25.95  34.1 


242  j  484  1968 

47.1  57.6  61.6 


NaC78  at  18°  (H2) 


10W, . 

.  66.  70(33.35  16.67'  8.34  4.17 

2.08 

1.04  0.52 

A . 

- 19.  27|20.67  23.58  28.08  38.40 

49.44 

54.72  61.44 

NaC78  (Identical  for  Sol  and  Jelly)  (53) 


°C . 

5.0 

10.0 

15.0  1  18.0 

22.0 

25.0 

0.42V  „ . 

13.94 

16.22 

19.13  20.95 

22.62 

25.84 

0.6A„ . 

15.10 

16.95 

20.35  21.65 

22.64 

25.97 

Na  Soaps  at  18° 


°C 

Nv  at  90°  = 

0.05 

0. 

1 

0. 

2 

0 . 375 

0.4 

0. 

3 

0.) 

3 

1. 

0 

60 

Cl2 . 

123 

6 

105 

93 

9 

102 

8 

103 

106 

104 

5 

99 

.6 

Ci4 . 

77 

1* 

77 

.4 

77 

6 

88 

5 

90 

1 

95 

92 

9 

89 

Cu . 

80 

3t 

81 

.5 

77 

0 

86 

3 

87 

5 

88 

6 

45 

c„ . 

95 

4 

83 

.0 

74 

3 

82 

3 

81 

8 

88 

5 

83 

6 

79 

.5 

Cl4 . 

57 

9* 

58 

.7 

60 

9 

69 

5 

70 

7 

75 

74 

2 

72 

.0 

cr8 . 

61 

0t 

60 

7 

60 

4 

67 

7 

68 

8 

70 

7 

30 

Cl4 . 

47 

7* 

47 

2 

46 

2 

51 

6 

52 

5 

55 

9 

56 

0 

54 

.9 

20 

Cl2 . 

59 

1 

50 

0 

44 

8 

50 

6 

50 

8 

53 

7 

52 

0 

52 

1 

C  l  4 . 

35 

7* 

39 

5 

33 

0 

35 

5 

36 

0 

38 

4 

41 

4 

45 

Cu . 

37 

It 

36 

9 

35 

5 

39 

9 

40 

5 

42 

6 

*  N„  =  0.054 


fiV,  =  0.0518. 


KCi6;  Effect  of  Time  (3);  see  further  (53) 


°c 

85  |  75 

65  |  55 

45 

35 

|  25 

0.01AA . 

136.4*  118.8 

100.5  86.7 

79.6  87.6 

92. 8t 

140. 8f 

0.1  Nv . 

88.9  |  78.7 

68.4  58.8 

49.1 

41.0 

35.8 

*  10  min.  |  00  min.  X  All  at  45°,  0  min,  20  min  and  24  hr  resp. 


K  Soaps  at  18° 


Nw 

2.0 

1.0 

0.75 

0.5 

0.2  |  0.1  |  0.05  |  0.01 

Lit. 

C8 . 

42.24 

48 . 60 

49 . 75  53 . 00  63 . 05  69 . 50 

(77) 

C,2 . 

43.14 

47.09 

47 . 21  45  44  41 . 77  44 . 03'.54. 89  75 . 4 

( 77  < 

C|8 . 

3?  .0 

33 . 30i  29 . 74 

29.57  51.95 

(77) 

Elaidate  . 

38.01  35.83 

34.04l35.05  47. 35j 

(90) 

Ci6S03H  AT  90°  (100);  c/.  (112) 


Nw .  0.75  0.5,  0.2  0.1  0.05  0.02!  0.01 

A .  237  232 . 0  203 . 9  188.  1  185.5  195.0  208.0 


K  and  NH4  Salts  of  Fatty  Acids  from  Palm-Kernel  Oil 

(28,  51) 

Molten  K  and  Na  Soaps  (9) 

Mixtures:  Solutions  of  Soaps  with  Additions  of  Salts,  Acids 
AND  Bases  (3,  24,  27,  28,  51,  70,  89,  109} 

Gold  Numbers  and  Detergent  Action,  v.  (37>  38,  so,  57,  74,  104, 

105,  106,  108,  114,  117,  119,  120,  121,  122, 


Nw 

|  l.Oj  0.6 

0.4 

0.2 

0.1 

0.05 

0.01 

Lit. 

Cu . 

.  .  .  |  |  21.67 

20 . 80 

19.77  20.46|20.59 

30.09 

(77) 

err . 

.  .  .  26  30.1 

29.6 

28.9 

29.0 

30.5 

49.60 

(68) 

err . 

... 

29.6 

28.70 

29.13 

(84) 

GuOm.... 

.  . .  I27.7|  32.1 

34.0 

35.8 

37.8 

40.7 

(71) 

*  At  24°C.  t  l.SAu,  23.1,  and  24°  (79);  l.ONv,  35.5;  0 ,5JV„  43.8. 


K  Soaps  at  90°  (i6) 


A  m 

1.0  0.75 

0.5 

0.2 

0.1 

0.05 

0.02 

0.01 

c6 . 

149. 5| 

177.7 

201.2 

216.5 

227.7 

(241.2) 

245 . 9 

c8* . 

148.7 

168.5 

191.0 

205.2 

219.2 

(234.5) 

239.5 

Cio . 

145.9 

156.3 

180.9 

290.6 

211.9 

(227.0) 

232.4 

Cut . 

143.2 142.6 

146.0 

144.2 

159.7 

195.9 

(223.5) 

233.0 

Cut . 

136.2  144 

147 

136.6 

162 

191 

C14 . 

136  2 

135.4 

130.8 

121 .8 

1 36 . 6 

181.6 

224.3 

Cut . 

138  [132 

127 

120 

117 

117 

Hydration 

II iO  =  moles  HjO  per  mole  soap 

Negative  sorption  from  lyes  which  salt  out  curd  fibers  from 
aqueous  solutions  of  soap,  yield  the  following  values  expressed  as 
the  retention  of  the  solvent  assuming  that  none  of  the  salts  are 
sorbed.  4  he  conditions  and  methods  of  experiment  are  described 
in  the  reference  cited.  For  negative  sorption  by  NaCu  from  salt 
mixtures,  v.  (81). 


t,  °C 

Soap 

|  Orig.  AT„!  Salt 

|  Nw  II20\  Lit. 

90 

NaC'u . 

.  .1  0.5  |NaOH 

I  1.5  1  4.3  f88) 

90 

NaCls . 

..l  1.0  NaOH 

3.0  '  3.4  (88; 

1.0  NaOH 

1  2.0  5 . 2: 

0.5  NaOII 

1.5  6.5 

1.0  NaOH 

0.5  4.4 

NaCl 

2.0 
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Hydration.  I  Continual 


u  °c 

Soap 

Orig.  ,Y„ 

Salt 

Nw 

!  11,0  Lit. 

17  25 

NaC,e . 

1.0 

Glycerol 

0.6 

4.3  (6; 

0.25 

Glycerol 

0.6 

10 

<K) 

NaC  12 . 

1.0 

NaCl 

Satd. 

1.8  (86) 

12-18 

KC  12 . 

1.1 

KC1 

0.6 

11s  9 

20 

KC,2 . 

1  1 

KOI 

0.9 

11.3  (64) 

1.6 

KC1 

0.8 

10  1 

2.6 

KC1 

0.67 

9.4 

20 

K  C 1 2 . 

1.0 

KC1 

1.0 

11.0  (23) 

1.5 

KC1 

0.86 

10.8 

2.9 

KC1 

0.65 

8.6 

1.0 

KC1 

0.1 

24 

12  18 

NaC- . 

.  .  0.25 

NaCl 

0.1 

9.2  (76) 

Hydration  of  soap  in  solutions  of  1.0A'„  KC„  containing  known 
amounts  of  IvC'l  at  18°  by  comparison  of  conductivity,  migration, 
and  vapor  pressure  (109i. 


KC1  added  (A\ 

0.5 

0.7  1.0  1 .5  2.0|2.5 

11,0 . 

11  (±1.1) 

12.2  12. 8m  0  |9 . 6  5 . 2 

For  vapor  pressures  during  hydration  and  dehydration  of  solid 
NaCia,  v.  (50). 


Hydrolysis 

The  values  given  are  %  hydrolysis  according  to  the  equation: 
w  ,  ,  ,  .  (AJofOH-)  X  100 

i.  otai  u?  of  soap 

1.  Hydrolysis  by  hydrogen  electrode,  neglecting  diffusion  poten¬ 
tial  (results  too  high  in  concentrated  soaps)  (80). 


Soap . . 

f,  °C 

.V,  =  1.0  0.75,0.5  10.2  10. 1 

0.05.0.01 

0.001 

NaC  V, . 

o 

o 

o 

0.2 

0.270.380.55  1.3 

5.5  j G . 6 

KCh . 

90° 

0.08 

0.270.6  0.65  1.3 

5.0  6.8 

NaCy, . 

25° 

(SS) 

|0.1(7> 

lo .  6  (?) 

4  (?) 

Hydrolysis. — (Coniin  ucd) 


_ 0.5.Y„  Soap  at  90’ 

Soap .  KC„  KC,«  KC,*  KC,0  KC, 

0  Hydrolysis .  0.64  0.54  0.36  0.076  0.072 


2.  Hydrolysis  by  catalysis  of  nitrosotriacetonarnine;  values  of 
10’ A  *  of  Oil  .  Results  in  concentrated  soap  probably  low  owing 
to  sorption  of  amine. 


NaC  io 

(65) 

Nk  = . 

0.042  0.5  (1.8  1.0  ()  46  0  1 

t,°  c . 

•  |  90  |  90  |  90  |  90  |  70  j  70 

low,. OH- 

91  |  20  25  27  |  44  56 

KC„ 

(65) 

AJ . 

90° 

0.019  0.042  0.1  0.3  0.85  j 

low, Oil- 

76  |  93  |  93  |  58  |  11 

Nv . 

70° 

0.05  0.1  0.85  ,  JO. 051  0.05 

10W..OH- .  . 

^  “  40  - :  O0 

55  |  G1  b  39  |  97 

NaC-, £ 

>0°  (5)  —  . 

. |0.002|0.0l|0.02[0 .05  0  1 

|  10W..OH- 

. |  55  |  66  |  74  |  98  |  79 

Various  Good  Commercial  Soaps  at  90°;  Values  of  10W,  of  Oil* 

(5) 


X*  = 

1  |0.5 

0. 1 

x*  = 

|  0.5 

Coconut  oil . 

31  |  21 

5 

Washer . 

Olive  oil . 

73  60 

18 

79 

Toilet  soap . 

76  60 

24 

82 

Cold  process . 

108  80 

30 

Shaving . 

...  1  94 

*  Grams  soap  in  100  cm3  solution  at  room  temperature. 


3.  Hydrolysis  by  indicator  method.  Comparison  of  the  color  given  an  indicator  in  a  pure  soap  solution  with  that  of 
standard  buffer  solutions.  Buffers  were  Sorensen  and  Palitzsch’s  glycine/NaOH  and  borax/boric  acid.  Indicators  were  Alizarin 
yellow  G  for  0.003  to  0.0005AJ  OH-;  phenolphthalein  for  0.0008  to  0.000 1V„  OH-,  and  for  extremely  dilute  soap,  phenol  red. 
d  he  myristic  acid  used  was  impure.  Indicator  was  added  in  amount  to  produce  the  maximum  color  75  i. 


Soap 

t,  °C 

1 

Vaxues  of 

N„  of  Soap 

0.5 

0.2 

0.1 

0.05 

0.02 

|  0.01 

f  0.005 

|  0.002 

|  0.001 

1  0.0,5 

I  O.Oal 

12 . 

90 

0.6 

1.0 

1.4 

1.8 

2.4 

2.1 

1.6 

20 

0.2 

0.6 

0.9 

1.4 

1.4 

1.7 

1.4 

KC,, . 

90 

0.7 

1.2 

1 .6 

2  2 

1.6 

2.4 

Also  0.35  at  AJ  =  0 

86 

20 

0.17 

0.50 

0.70 

1.4 

1.2 

1.9 

Also  0.12  at  AJ  =  0 

86 

NaC, 4 . 

90 

0.56 

1.11 

2  2 

3.85 

4.3 

Also  0 . 23  at  AJ  =  0 

4 

5.0 

KC,, . 

90 

0.56 

1.1 

1.6 

1.75 

2.9 

1 .8  Also  0.3  at  .Y„  =  0 

4 

KC,* . 

90 

0.20 

(1-0) 

1.6 

3.1 

4.8 

6.7 

9.7 

12.4 

19.1 

20 

14 

51 

NaC, * . 

90 

0.2 

(1.1) 

1.6 

1.6 

4.1 

7.0 

8.0 

15.5 

15.8 

18 

20 

35 

27 

68 

NaC,, . 

90 

0.2 

0.5 

0.9 

3.0 

(6.0) 

12 

35 

20 

13.2 

kc,6 . 

90 

0.76 

1.55 

3.3 

(8.6) 

(15) 

(20) 

(50) 

67 

68 

20 

60 

NaCr, . 

90 

0.41 

0.85 

2.0 

5.0 

8.5 

(10.1) 

(21) 

24 

16 

20 

0.24 

1.6 

2.7 

4.5 

6.3 

16. 1 

24 

28 

kc:# . 

90 

(0.2) 

0.7 

1.5 

2.9 

5.9 

6.9 

9.2 

18 

16 

20 

(0.01) 

0.08 

0.2 

1.4 

3.8 

2.0 

5.9 

23 

28 

NaC  j, . 

90 

3.4 

6.8 

13.6 

32.5 

27 

Jelly 

Viscous  liq. 

Clear 

_ 20 _ 45  (Viscous  liq.) _ 68  (milky  liq.) _ 

NaC ,«  and  KC^  with  excess  of  fatty  acid,  v.  75 1.  Other  determinations  with  various  soaps  and  with  added  material,  i>.  ( so,  si,  ss, 

65,  67,  75,  76,  80,  112). 
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VOLUME  I 


Page 

103  THE  CRYSTALLINE  STATE.  Specific  heat.  For  1  ioule  = 

4.185  cal  reai I  l  cal  =  4.185  joule. 

104  Column  headed  A,  lino  So.  For  1.2  read  12. 

110  Index  No.  246.  For  Mol.  wt.  118.091  read  132.109. 

194  Index  No.  1101.  For  ( TI3(C3ll7)CH2NH2  read  CH^CjlL)- 
CHNII2. 


215  Indo"  Nos.  2387  to  2394.  Add  note:  For  more  accurate  data, 
see  1.  51:  1544;  29 

240  Index  No.  3993.  Column  headed  d.  Add:  At  0°C. 

295  For  Isohydroxvdimethylurea  read  Isohydroxydimethyluric 
acid. 

306  A fter  —6 :  delete  46.  After  2  :  insert  46 


ERRATA 


VOLUME  II 


Page 

167  Last  line.  Transpose  27.2  from  fourth  to  third  column  under 
CO. 

340  Line  at  head  of  table.  Add:  For  temperature  =  17.5°C. 

415  Diagram  for  Na-Pb.  Add  literature  reference:  Calingaert 
and  Boesch,  1,  46:  1901;  23. 


Page 


418  Zn-Sn-Bi  and  Pb-Sn-Bi  diagrams.  Add  note:  For  best  values 
of  the  binary  eutectics,  see  the  binary  diagrams,  p.  414  and 
p.  416. 


ERRATUM 


VOLUME  III 

Page 

20  O. — For  1.447  at  the  B.  P.  read  1.1447. 


ERRATA 


VO  I 

Page 

166  Index  No.  1826.  At  54.0°C  for  51.8  read  58.1  Wt.  %  A. 
242  For  K2S04.Cr2(S04)3  read  KCr(S04)2. 

248  Literature  citation  (17S).  For  01  read  00. 


UME  IV 

Page 

470  C8H180,  Octyl  alcohol.  For  column  head  M/g  H20  read 
M/kg  H20. 


ERRATA 
VOLUME  V 


Page 

54  Second  column.  Change  in  Radius  with  Time.  Column 
2.  For  Air  read  C02. 

80  A-Table.  Air.  y  at  -79°C.  For  3. 33  read  2.33. 

93  Literature  citations  for  Ir.  For  (3)  read  Behn,  8,  66:  237; 

98  and  for  (8S)  recul  Violle,  84,  89:  702;  79. 

113  H20,  Water.  In  Note:  for  increased  read  decreased  and  for 
4.185  cal u  read  1  cali6  =  4.185  joule. 

147  HEAT  OF  ISOTHERMAL  COMPRESSION.  For  105Q 
read  10^. 

International  Critical  Tables,  Volcmb  VI. 


Page 

248  SYMBOLS  AND  NUMERICAL  RELATIONS.  Definitions 

for  k  and  kg.  For  X0  read  X.  Definition  for  n.  For 
X0/X  read  X/Xm.  Column  2,  line  15.  For  X  read  Xm.  Line 
16.  For  X0  read  X. 

249-252  inclusive.  Introductions  to  Tables  1  to  4  inclusive. 
For  X0  read  X. 

358  Literature  citation  (458).  For  237  read  637. 

388  Figure  1.  For  HCa2(P04)3  read  HCa3(P04)2. 
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Key  Numbers  ot  Elements 


An  A1  Aa  Au 
32  55  13  33 


B  Ba  Be  Bi  Br 
54  79  75  15  5 


C  Ca  Cb  C<!  Ce 
10  77  51  29  59 


Cl  Co  Or  Cs  Cu 
4  44  46  35  31 


Dy  Er  Eu  F  Fe 
67  69  64  3  43 


Ga  G<1  Ge  G!  H 
25  65  20  75  2 


Hf  IIk  Ho  I  In 
73  30  68  6  26 


Vlg  Mn  Mo  N 
,£  42  47  U 


Na  Nb  Nd  Mi  0 
82  51  61  45  1 


Os  P  Pb  P  d 
35  12  23  41 


Pr  Pt  Ra  Rb 
60  37  80  84 


Rh  Ru  S  Sa 
40  39  8  63 


Sb  Sc  Se  Si  Sn 
14  56  9  18  22 


SrTaTbTeTh 
78  52  66  10  24 


Ti  T1  Tm  U  V 
19  27  70  49  50 


Ir  K  U  Li  Lu 
36  83  58  81  72 
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48  57  71  28  21 
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